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UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

WILD FISH CONSERVANCY, 

      Plaintiff, 

v. 

BARRY THOM, in his official capacity as 
Regional Administrator for the National 
Marine Fisheries Service, et al., 

      Defendants, 

and 

ALASKA TROLLERS ASSOCIATION, 
and STATE OF ALASKA 

      Defendant-Intervenors. 
___________________________________ 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Case No. 2:20-cv-00417-RAJ-MLP 

SECOND DECLARATION OF HANS 
RADTKE, Ph.D. 

I, Hans Radtke, declare the following to which I am competent to testify under penalty of 

perjury of the laws of the United States: 

1. I previously prepared the First Declaration of Hans Radtke, Ph.D submitted to the

Court on September 7, 2022 as Dkt. No. 127-4 (“First Radtke Declaration”). The First Radtke 

Declaration describes my professional qualifications and the work I performed and the opinions I 

had developed for this matter up until the date it was submitted. I continue to hold the opinions 
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expressed in the First Radtke Declaration. 

2. In preparing this declaration, in addition to drawing on my knowledge and 

experience, I have considered the following materials since submitting the First Hans Radtke 

Declaration: 

a. Declaration of Paul Olson in Support of Defendant-Intervenor Alaska 

Trollers Association’s Response to Plaintiff Wild Fish Conservancy’s Motion for a Final Order 

on Relief, Dkt. No. 131 (October 3, 2022) (“Olson Declaration”); 

b. Declaration of Josh Keaton, Dkt. No. 133-1 (October 3, 2022) (“Keaton 

Declaration”); 

c. James E. Henderson, et al. “Standard Procedures and Methods for 

Economic Impact and Contribution Analysis in the Forest Products Sector” Journal of Forestry. 

Mar. 2017. pp. 112–116;  

d. McDowell Group. Economic Impact of the Pacific Salmon Treaty on the 

Alaska Troll Fleet. Prepared for the Northern Southeast Regional Aquaculture Association. 

December 2019; 

e. Personal communication with Greg Alward in May 2022 concerning using 

IMPLAN output measures for natural resource management and policy decisions. Dr. Alward is 

currently on the faculty of College of Natural Resources, University of Idaho. He has 45 years of 

research and development experience in regional input-output modeling. He was one of the 

economists that developed the original IMPLAN model in the 1980’s. 

3. I believe the criticisms of my economic analysis and opinions in the Olson 

Declaration and Keaton Declaration are misleading. 

4. Because a current and maintained economic impact model for the SEAK troll 

salmon fishery is not available, it was necessary to rely on a proxy model to show the fishery’s 

economic importance. The proxy model was from the Pacific Northwest region where National 

Marine Fisheries Service (NWFSC) maintains a model to assist in assessment of fishery 

Case 2:20-cv-00417-RAJ-MLP   Document 139   Filed 10/14/22   Page 2 of 5

1-SER-3

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 3 of 300
(7 of 992)



 

 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

 

 

 

 

KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

SECOND RADTKE DECLARATION - 3 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

management policies. The proxy model procedures are to use economy response coefficients in 

the NWFSC model for the region encompassing Clallam County, Washington State. The region 

has similar population size as SEAK and the economy is resource based with large leakage to 

outside economies for supplies and services. The Washington Coast and Strait of Juan de Fuca 

salmon fisheries that have landings in Clallam County (principally Neah Bay, La Push, Sekiu 

and Port Angeles) include tribal and non-Indian commercial and subsistence harvests. The tribal 

harvests in the area will typically enter the same markets as non-Indian harvests and therefore 

have the same economic impact factors. Processing is mostly done at businesses in Port Angeles. 

There are also intense recreational salmon fisheries in this area. 

5. The proxy model results were weighed against other study results for the fishery 

to show consistency and pertinence. The McDowell Group (December 2019) study report’s 

Table 16 shows the total economic impact of the power troll fleet for annual average 2014-2018 

in 2018 dollars is $28.5 million income (includes multiplier effect). This compares to the proxy 

model economic results for power and hand troll fisheries all species annual average 2017-2019 

in 2021 dollars is $28.8 million. Despite incongruities in the averaging period, dollar years, and 

included fishing industry sectors, the two model’s results for generated income are very close.  

6. In the model, I used “income” as the economic measure for results. Income 

accrues to households in the form of net earnings (sometimes called earned income) from wages, 

salaries, proprietorship income, etc. For example, it can include the contract payments based on 

share of catch value that is paid to a commercial fishing vessel crewman/skipper and the net 

income after operating and fixed expenses for the vessel owner. Total household income would 

include other sources such as transfer payments (e.g. social security, unemployment insurance, 

etc.) and investments (e.g. rental income, dividends, interest, etc.). The direct income earned by 

participants in the commercial seafood industry was expanded to include the re-spending of 

those earnings. This is called adding for the “multiplier effect.” Local industries with markets 

outside of the region bring new money into the region and are called basic industries. Industries 
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with markets within the region are called secondary or support industries. Thus, when there is an 

increase in spending in basic industries, there is a resultant increase in secondary industries. 

Trade leakage occurs when spending and re-spending for labor, supplies, and services occurs 

outside the region. The relationship between an activity's total impact on the region's economy 

that includes the effect from the secondary industries, and the basic industry, is known as the 

multiplier effect. In the vernacular of input-output modeling terminology, my calculation of the 

total impact on the SEAK economy included the direct, indirect, and induced effects of the 

activity. 

7. I did not use “output” as an economic measure for my analysis. Output is a 

technical term of a calculation made in input-output model development. It is a measure of 

annual production with only the margins of some sectors included. For manufacturers such as 

seafood processing, the value would be sales plus/minus change in inventory. For service sectors 

production would be sales. For retail, wholesale, and transportation, output is margined. Margins 

represent the value in delivering commodities from producers' establishments to purchasers. The 

output measurement tends to convey an inflated notion of economic activity by including non-

local cash flows and is subject to double counting. The term does not provide meaningful insight 

on what might be a change to the size of the economy. For understanding change and using 

measures to compare alternative actions or policies, the more appropriate terms are income and 

jobs. 

8. Based on my history and experience and the materials mentioned herein, I believe 

I properly used generated income for a description of economic impact rather than output as an 

economic measure. The income measure relates to individuals and households’ financial 

conditions. By itself or when stated as the number of average local jobs it would take to generate 

the income, income provides an easily understood dimension for management and policy 

makers. Output is an obtuse measure that is useful only for internal input-output model 

development. It should not be used to describe community impacts from actions such as changed 
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fishery management. Comparison of my calculations using generated annual income to other 

report’s result measurement for output fails to appreciate that the two measurements are different 

units. The idiom, comparing apples and oranges, applies to this misleading comparison. It is 

inappropriate to use the output measurement when attempting to disprove the accuracy of a 

model that uses generated annual income for a measurement.   

9. There is significant body of literature on the topic for misuse of output as an 

economic impact measure (see for example Henderson et al. 2017). I recently consulted with a 

colleague Dr. Greg Alward about another pending natural resource management change, and we 

discussed the output measure topic. He stated the IMPLAN input-output model was not designed 

to use output to show economic impacts.  

10. My economic analysis was done pursuant to the industry standard of professional 

economists, and my model would have been unreliable if I used output. 

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing is true 

and correct. 

 

DATED this 13th day of October 2022. 

       

 

 
            

Hans Radtke, Ph.D. 
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Honorable Michelle L. Peterson

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

WILD FISH CONSERVANCY, 

Plaintiff, 

v. 

SCOTT RUMSEY, in his official capacity as 
Acting Regional Administrator for the National 
Marine Fisheries Service, et al., 

Defendants, 

and  

ALASKA TROLLERS ASSOCIATION and 
STATE OF ALASKA, 

Defendant-Intervenors. 

CASE NO:  2:20-cv-00417-RAJ-MLP 

DECLARATION OF 
DANIELLE EVENSON 

I, Danielle Evenson, declare as follows: 

1.  I submit this declaration in support of the State of Alaska’s Motion to Intervene as 

Defendant. If called as a witness, I have personal knowledge of the matters set forth herein, and 

could and would competently testify thereto if called upon to do so. 

2.  I hold a B.S. degree in Physical Geography and a minor in Geology from the 

University of Oregon and an M.S. degree in Watershed Management and Wildland Hydrology 

from Humboldt State University. 
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3.  I was hired as a Fishery Scientist at the Alaska Department of Fish and Game 

(“ADF&G”) Division of Commercial Fisheries serving in that capacity until January 2020. In 

2019, I was appointed as and was promoted as a Policy Advisor at ADF&G in January 2022.  In 

these positions I also serve on the Pacific Salmon Commission’s Chinook Technical Committee, 

Selective Fishery Evaluation Committee, and Mark Selective Fishery Fund Committee; as 

Alaska’s Treaty Coordinator to the PSC and as an alternate State of Alaska designee on the 

Pacific Fishery Management Council. 

4.  I previously served as Research Coordinator for the ADF&G Division of 

Commercial Fisheries for the Arctic-Yukon-Kuskokwim region from 2008 through 2010 and the 

Yukon River Area Research Biologist from 2005-2008. Prior to serving at ADF&G, I was a 

Fishery Scientist at Columbia River Inter-Tribal Fish Commission from 2002-2005.  Previously I 

worked for the Northwest Power and Conservation Council for 3 years as a program coordinator. 

5.  I have more than 2 decades of experience spanning the Pacific coast with 

emphasis on practical applications of fisheries research and natural resource policy development 

and implementation.  I have a track record for building comprehensive research programs to 

address questions of interest to resource management and am particularly effective at bridging 

gaps between science and policy.  Recent projects include a review of the Implementation of 

salmon hatchery policies designed to provide protection for wild stocks; Chinook salmon genetic 

mixed stock analyses of fishery catches; implementation of the newly agreed to Chinook chapter 

of the Pacific Salmon Treaty; and implementation of a $22 million dollar Southeast Alaska 

Chinook Salmon Fishery Mitigation program designed to offset the economic consequences of a 

7.5% reduction in Treaty harvest levels. 

6.  The U.S. and Canada ratified the Pacific Salmon Treaty (Treaty) in 1985 after 

decades of negotiations between the U.S. and Canada regarding the management and allocation 

of salmon stocks that originate in one country and are harvested in the fisheries of the other. The 

Treaty establishes general principles and guidelines for the conservation and allocation of salmon 

stocks in the area between Cape Suckling, Alaska and Cape Falcon on the northern Oregon 

Case 2:20-cv-00417-RAJ-MLP   Document 135   Filed 10/03/22   Page 2 of 15

1-SER-8

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 8 of 300
(12 of 992)



 

DECLARATION OF DANIELLE EVENSON  - 3 -  Nossaman LLP 
Case No. 2:20-cv-00417-RAJ-MPL  719 Second Avenue, Suite 1200 
  Seattle, WA  98104 
  Telephone:  206-395-7630 
 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

coast. Recognizing that most of the fisheries harvest a mixture of stocks, the purpose of the 

Treaty is to share the burden of conservation and the available harvest. 

7.  Several Washington, Oregon, and Idaho stocks that are listed under the ESA or 

otherwise viewed as stocks of concern undergo substantial harvests in Canadian fisheries, 

especially those fisheries off the West Coast of Vancouver Island. Securing reductions in these 

Canadian harvests was a fundamental position of U.S. negotiators. Canada’s negotiators insisted 

that Alaska make parallel reductions, in part to address conservation concerns that they alleged 

for some of their stocks. The 2009 Treaty Agreement required a 30% reduction in the harvest of 

the Canadian Chinook fishery on the West Coast of Vancouver Island and a parallel reduction of 

15% in the Southeast Alaska Chinook fisheries. These reductions and other fishery provisions 

were found by the National Marine Fisheries Service (NMFS) in December 2008 to be sufficient 

to support a no jeopardy finding required under the ESA. Similarly, the 2019 Treaty Agreement 

required an additional 12.5% reduction to annual harvest levels on the West Coast of Vancouver 

Island and up to an additional 7.5% reduction to annual harvest levels in Southeast Alaska to 

support ESA-listed Chinook stocks in the Pacific Northwest and prey availability for ESA-listed 

Southern Resident killer whales (SRKW). In December 2018, NMFS found that these reductions 

in concert with a $118 million dollar mitigation program were sufficient to support a no jeopardy 

finding required under the ESA. 

8.  NMFS required a mitigation program in the SEAK BiOp to support a no jeopardy 

finding for the SEAK salmon fisheries and for Pacific Fishery Management Council managed 

(PFMC) fisheries and Puget Sound fisheries (AR 47202- 47204). The framework programmatic 

action has three elements: a Puget Sound habitat restoration program funded at $31.4 million, 

Puget Sound hatchery programs to conserve at-risk Chinook salmon stocks from extinction 

funded at $3.06 million per year, and new hatchery production to increase food available for 

SRKW funded at no less than $5.6 million per year (AR 47202). To date, 100% of the Puget 

Sound habitat restoration has been funded, $9.18 million of the Puget Sound hatchery 

conservation program has been funded, and more than $16.8 million of the SRKW prey 
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production program has been funded. The total funding provided for this framework 

programmatic action has been in excess of $57 million or 49% of the full $118 million required. 

In addition, annual funding of $3.06 million and $5.6 million for the Puget Sound Conservation 

hatcheries and SRKW prey increase programs, respectively, for the fourth year of the 2019 

Treaty agreement is in the current congressional budget. 

9.  The framework programmatic action funding initiatives also serve as the 

environmental baseline for Puget Sound and Pacific Fishery Management Council (PFMC) 

salmon fishery BiOps and other Pacific Northwest fishery management plans (AR 47202- 

47204). “Fundamentally, all U.S. fisheries may be affected by decisions made in the event that 

funding is not provided.” Id. Enjoining the SRKW prey increase program until the Court enters 

its final order on relief as requested in the Plaintiff’s motion will likely have cascading impacts 

to commercial and recreational fisheries off the coast of Washington, in Puget Sound and other 

areas. In the PFMC BiOp (NMFS 2020 and NMFS 2021), NMFS assumed that “funding for the 

conservation program for Puget Sound Chinook salmon and SRKW will continue” largely as 

described in the PFMC BiOp (NMFS 2020) and the SEAK BiOp (AR 47202-47204) 

“associated with domestic actions related to the 2019 PST Agreement and the program will be 

implemented during the duration of the new Chinook salmon regime under the 2019 PST 

agreement.” The BiOps and management plans for PFMC and Puget Sound commercial and 

recreational fisheries rely on the increased hatchery production from this mitigation action to 

stay above a Chinook abundance threshold to limit the effects that the fisheries have on SRKWs 

by way of reduced prey availability and accessibility in years when Chinook abundance is 

particularly low (NMFS 2021). Enjoining the prey production program increases the likelihood 

that Chinook abundances will fall below thresholds specified in the PFMC BiOp (NMFS 2021) 

resulting in additional limits to those commercial and recreational fisheries and in Puget Sound. 

Southeast Alaska Troll Fishery Management and Impacts on ESA-listed Species 

10. The annual SEAK troll harvest of Chinook salmon occurs over 3 seasonal 
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fisheries: winter, spring, and summer. The winter fishery occurs from October 11 to April 30 of 

the following year, or until the guideline harvest level of 45,000 non-Alaska hatchery-produced 

Chinook salmon is reached. The fishery is split into “early winter” (October 11–December 31) 

and “late winter” (January 1–April 30) components, and the open fishing area is restricted to 

within the troll boundary of the outer coast surf line. Any Treaty Chinook salmon not harvested 

during the winter fishery will be available for harvest in the spring and summer troll fisheries. 

The spring troll fishery (May 1 or earlier, through June 30) is managed to target Chinook salmon 

from SEAK hatcheries, many of which are exempt from the annual Treaty catch limit. Spring 

fisheries are conducted along salmon migration routes in close proximity to hatcheries and 

hatchery release sites. 

11. The summer troll fishery accounts for the majority of the annual Chinook salmon 

commercial harvest and is closely monitored and managed to prevent exceeding the troll portion 

of the annual ceiling by allowing retention of Chinook salmon during 2 or more periods in most 

years. The first summer troll fishery opening, beginning July 1 by regulation, allows harvest in 

the waters of frequent high Chinook salmon abundance and is managed to not exceed 70% of the 

remaining troll portion of the annual ceiling. Once the July fishery is closed, Chinook salmon 

retention by the troll fleet is not allowed unless it is determined that additional openings will not 

result in exceeding the annual ceiling. August (and sometimes September) openings are 

conducted in years when it is determined that the annual ceiling will not be exceeded. Unlike the 

first retention period, if additional openings occur, the waters of frequent high Chinook salmon 

abundance remain closed to troll gear. However, if after 10 days, the department determines that 

the annual ceiling for troll Chinook salmon may not be reached by September 20 with those 

waters closed, the waters of frequent high Chinook salmon abundance reopen. Waters open to 

troll gear during the summer fishery include both the waters of the State of Alaska as well as 

those of the exclusive economic zone located outside 3 miles from shoreline. Management 

objectives for the summer troll Chinook season include: 1) Achieve the annual all-gear PSC 

allowable catch associated with the appropriate tier of the winter power troll CPUE-based catch 
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ceiling table determined each spring; 2) Comply with provisions and regulations established by 

the Alaska Board of Fisheries, North Pacific Fishery Management Council, National Marine 

Fisheries Service, and the Pacific Salmon Commission; 3) Maximize the harvest of Alaska 

hatchery-produced Chinook salmon; 4) Comply with the conservation goals of the Treaty and 

Alaska Board of Fisheries; and 5) Achieve harvest allocations among user groups as directed by 

the Alaska Board of Fisheries. 

12. Chinook salmon are highly migratory in nature. Stocks originating from the mid-

Oregon coast all the way up to Southeast Alaska swim into the Gulf of Alaska to take advantage 

of productive waters off the coast of Alaska to feed and grow. Consequently, the Southeast 

Alaska troll fishery is a mixed stock fishery harvesting a variety of stocks from along the Pacific 

seaboard. Genetic-based and coded-wire tag (CWT) methods are both used to estimate the 

composition of the catch. Genetic mixed stock analysis (MSA) has been used extensively to 

estimate the contribution of genetic aggregates of Chinook salmon to mixed-stock fisheries 

occurring throughout the PST area (Seeb et al. 2007; Hess et al. 2011; Templin et al. 2011; 

Beacham et al. 2012; Clemento et al. 2014). Genetic mixed-stock analysis is an efficient and 

comprehensive method to estimate stock composition that requires less intensive sampling and 

represents both wild and hatchery stocks. This method is best suited for estimating contributions 

of major stocks, i.e., those comprising relatively large proportions (≥ 5%) of the sample but 

MSA cannot currently differentiate between hatchery and wild stocks originating from the same 

brood source and does not include age information. Application of CWT methods is one of the 

only ways to detect and estimate contribution of stocks of Chinook salmon that are minor 

contributors to a fishery, both because the numeric tags minimize the problem of 

misclassification, and more catch is sampled for CWTs on a coastwide basis (~ 20%) to recover 

these tags.  

13. Information collected since the analyses were conducted for the SEAK BiOp has 

improved understanding of the distribution in space and time of both the SRKW and the priority 

Chinook stocks upon which they prey (Hanson et al 2010; Hanson et al 2021; Shelton et al. 
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2019). This information was used to develop an improved model to quantify Chinook salmon 

abundance by ocean area and time. The additional resolution and more accurate representation 

included in these analyses demonstrated weaker relationships than found in previous studies 

(NMFS 2021, p. 5); which were used in the SEAK BiOp. The estimated prey reduction that 

would result from restricting SEAK fisheries is biased high and subsequent assumed benefits 

accrued to SRKW are not supported. The 3rd Lacy declaration acknowledges this observation, 

yet it asserts that if one overestimated the strength of the relationship between Chinook prey and 

SRKW survival and reproduction, that even more stringent prey-based conservation measures for 

Chinook (3rd Lacy Declaration) “would be required to stop the decline of Southern Resident 

Killer Whales.”  This logic is only supportable within a narrow context that single-mindedly 

focuses on the closing of fisheries rather than potentially more effective measures to benefit 

SRKW. 

14. After the SEAK BiOp was written, NOAA and the Washington Department of 

Fish and Wildlife identified a list of Chinook salmon stocks as SRKW priority prey using the 

latest science on diet, Chinook distribution, and SRKW distribution (NOAA and WDFW 2018; 

Hanson et al. 2021; Shelton et al. 2019). Priority was placed on spatial/temporal areas where 

specific Chinook salmon stocks and SRKW overlap and nutritional stress was inferred. These 

studies were used to inform the Pacific Fishery Management Council SRKW BiOp. Using this 

new information on priority prey stocks, Alaska Department of Fish and Game Gene 

Conservation Laboratory aligned the stock groupings from the coastwide genetics baseline for 

Chinook salmon with SRKW priority prey stocks (Appendix A) to the extent possible and 

summarized them into three reporting groups: 1) high priority prey stocks (score > 2.5 out of 5), 

2) low priority prey stocks (score < 2.5 out of 5), and stocks that do not contribute as prey to 

SRKW. The calculations of prey reduction in the 2019 SEAK BiOp cited in the Lacey 

Declaration #3 were done prior to this prioritization and did not account for the low prevalence 

of priority stocks in the SEAK catch. The stocks that do not contribute to SRKW prey include 

those originating from Southeast Alaska, Northern British Columbia and Southern British 
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Columbia (NOAA and WDFW 2018); these three stock groups comprise a substantial proportion 

of the troll catch and are predominantly wild-origin fish (Appendix A). Low priority prey stocks 

that are present in the Southeast Alaska troll fishery include West Coast Vancouver Island, 

Willamette Spring, and North and Middle Oregon Coast. High priority prey stocks present in 

Southeast Alaska include Fraser River summer, Upper Strait of Georgia, Washington Coast, and 

Columbia Upriver summer and fall stocks. Of those, the Columbia River stocks are the most 

dominant. The estimated contribution of high priority prey stocks to the Southeast Alaska troll 

fishery averaged 76,603 during the 5 most recent years, 2017-2021, which is a significant 

reduction in harvest of these priority stocks when compared to the average of 112,578 during the 

last treaty period, 2009-2018. Furthermore, the majority of the fish from these high priority 

Chinook stocks in the SEAK harvest are raised and released from hatcheries.  

15. The use of 6% as the “approximate middle value” for reduction in prey 

availability caused by the SEAK fishery “as a whole” in the updated analysis (3rd Lacy 

Declaration) is not supported by the analyses in the SEAK BiOp. It is neither the mean nor the 

median of the available range of estimates presented for SEAK fisheries from the FRAM 

analysis (Table 97, AR 47440). In this table, the estimated reductions during July to September 

ranged from 2.4-12.9% in coastal waters, but the ranges for all other times and locations were 

less than 3.5%. Furthermore, during the July-September period, SRKW typically forage in inside 

rather than in coastal waters (AR 47505) feeding on local stocks, i.e., 80-90% Fraser River 

stocks (NMFS 2021 p.35), where reductions in prey due to SEAK fisheries are estimated to be 

only 1.0-2.5%. Thus, the results presented in this analysis overestimate the potential benefit to 

SRKW from restricting SEAK fisheries. Food is thought to be most limiting during the winter 

period when SRKW generally are in coastal waters. During this October-April period, the SEAK 

fisheries were estimated to reduce prey availability by only 0.2 – 1.1% (AR 47440). 

16. During their homeward migration mature Chinook salmon are subject to capture 

in a sequence of fisheries while simultaneously exposed to consumption by a variety of 

predators, including Northern Resident Killer Whales (NRKW), salmon sharks, and pinnipeds. 
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SEAK fisheries are the first in the sequence of directed fisheries, but the migratory pathway 

proceeds through fisheries in northern British Columbia, Vancouver Island, and Southern British 

Columbia, before becoming available as prey to SRKW. Along with fisheries harvest, prey 

availability is also affected by competition from other predators including other resident killer 

whales and pinnipeds (Chasco et al. 2017). Chasco et al. (2017) determined that the number of 

individual salmon consumed by marine mammals in the entire Northeast Pacific has increased 6-

fold from 5 to 31.5 million individual salmon from 1975-2015. Thus, the restriction or 

elimination of Chinook salmon harvest in SEAK fisheries will not result in an equal number of 

Chinook salmon becoming available to SRKW. Forgone harvest of Chinook salmon in SEAK 

troll fisheries would likely lead to improved catches in Canadian and Washington fisheries as 

well as increased consumption by NRKW and other predators. A recent study of the cumulative 

effects of prey availability in conjunction with vessel traffic and contaminants demonstrated 

improved demographic indicators for NRKW with increased abundance of prey, but no 

improvement was seen for SRKW (Murray et al. 2021). NRKW, like their southern cousins, are 

fish eating. Unlike SRKW population size, NRKW abundance has been burgeoning in recent 

years (Murray et al. 2021) potentially reducing the benefit from improved Chinook abundance to 

the detriment of SRKW (Ohlberger et al. 2019). Recent models indicate that increased prey 

availability only provides benefit for NRKW. For SRKW, increased prey availability has little 

effect without also including effects from vessel traffic and contamination in the model (Murray 

et al. 2021), weakening the connection between SEAK fisheries harvest and SRKW outcomes. 

The benefits to SRKW that may be derived from reduction or cessation of SEAK fisheries 

harvest will not have a benefit to SRKW commensurate with the level of reduction. 

17. Puget Sound Chinook salmon are known as locally migrating and few venture as 

far north as Southeast Alaska. The primary impacts to Puget Sound stocks occur in Southern 

British Columbia in-shore and off-shore fisheries and in fisheries along the Washington Coast 

and Puget Sound (Pacific Salmon Commission Joint Chinook technical Committee 2020 

Exploitation Rate Analysis Report). Despite the framework programmatic action elements being 
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heavily weighted towards Puget Sound mitigation, few Puget Sound Chinook salmon are caught 

in the SEAK troll fishery See AR 47589-607. Under the 2009 Treaty agreement ten-year period 

the SEAK troll fishery estimated harvest of Puget Sound Chinook averaged 368 for ESA-listed 

stocks and 266 for non-ESA listed stocks annually (Appendix B). When considering winter and 

summer troll fisheries only, the estimated harvest of ESA- listed stocks averaged 339 and non-

ESA listed averaged 206. Given that the SEAK fishery took up to a 7.5% reduction to its annual 

harvest limit in the 2019 Treaty agreement, it is a reasonable assumption that impacts have 

decreased from 2009 Treaty levels. The harvest of Puget Sound Chinook salmon in SEAK is at a 

level where any savings from the closure of winter and summer troll fisheries as requested by the 

Plaintiff would not be measurable in Puget Sound as (1) forgone harvest must travel through a 

gauntlet of fisheries and predators before reaching Puget Sound and (2) the total catch in the troll 

fishery falls within the uncertainty of Puget Sound catch, escapement, and abundance estimates. 

Therefore, the reliance on a $31.4 million Puget Sound habitat restoration program and a $30.6 

million Puget Sound conservation program for at-risk stocks to achieve a no jeopardy finding are 

not commensurate with SEAK troll fishery impacts. 

CONCLUSIONS 

18. The framework programmatic action in the SEAK BiOp overcompensates for the 

impacts of the SEAK salmon fishery. As stated by NMFS in both SEAK BiOp and the PFMC 

BiOp, while this funding initiative was relevant to NMFS’ consideration of the SEAK salmon 

fishery, it was also designed to mitigate for impacts of the PFMC salmon fisheries and Puget 

Sound salmon fisheries (AR 47202, AR 47204, NMFS 2020; NMFS 2021). 

19. The mitigation action for federal funding of a conservation program for critical 

Puget Sound salmon stocks through conservation hatcheries and habitat restoration is tangential 

to impacts from the SEAK fishery, as harvests of Puget Sound stocks in Alaska are small. See 

AR 47589-607. During negotiations for both the 2009 and 2019 versions of the Treaty, it was 

recognized that harvest reductions were necessary in Southern British Columbia fisheries to 

protect ESA-listed Puget Sound Stocks. In order to secure those reductions in Canada, the U.S. 
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had to provide something in return.  Because SEAK fisheries harvest West Coast Vancouver 

Island origin fish, parallel reductions were taken in SEAK fisheries. The SEAK and Canadian 

West Coast of Vancouver Island fisheries were reduced by up to 7.5 and 12.5 percent, 

respectively, compared to the previous agreement. This comes on top of the reductions of 15 and 

30 percent for those same fisheries that occurred as a result of the prior 10-year Treaty agreement 

(NMFS 2020 p.5). Given SEAK troll’s low impact of less than 640 fish, on average, per year of 

all Puget Sound stocks (ESA-listed and non-listed) (Appendix B tables 4 and 7), the $31.4 

million Puget Sound habitat restoration initiative and the $30.6 million Puget Sound hatchery 

conservation program for stocks at-risk of extinction substantially over-compensate for the 

SEAK troll harvest impacts. Given the low catch of Puget Sound stocks in the Southeast Alaska 

troll fishery, enjoining the winter and summer troll fishery would not result in measurable 

increases to Puget Sound spawning escapement or Puget Sound Chinook availability to SRKW. 

20. Similarly, the funding initiative for SRKW prey production is an over-

compensation of SEAK fishery impacts. The hatchery production initiative calls for 

supplementing prey abundance with up to 20 million smolt releases in the times and areas most 

important to SRKWs to provide a “meaningful” increase in the abundance of Chinook salmon 

available to SRKW. Assuming a conservative estimate of 0.7% survival from the hatchery to 

adult fish in SRKW areas, that would result in a conservative estimate 140,000 adult fish 

produced by this initiative. Production at this level is nearly double the impact of the SEAK troll 

fishery which is estimated at 76,603 annually. Secondly, NMFS prioritized production in Puget 

Sound with 5 to 6 million smolts produced annually. Applying a conservative 0.7% hatchery to 

adult survival rate would yield an estimate of 35,000 to 42,000 additional adult fish potentially 

available to SRKW annually. Comparing this figure with the average annual impact of less than 
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640 fish in the SEAK troll fishery suggests that this funding initiative represents a large 

overcompensation of SEAK troll fishery impacts. In combination, this suggests that far more fish 

will be available to SRKW when these fish mature in the next few years than have been 

harvested in SEAK. Since the framework programmatic action funding initiatives also serve as 

the environmental baseline for Puget Sound and PFMC salmon fishery BiOps and other Pacific 

Northwest fishery management plans (AR 47202- 47204), enjoining the prey production 

program not only increases the likelihood of additional reductions to the SEAK troll fishery, but 

also increases the likelihood of additional reductions in PFMC and Puget Sound commercial and 

recreational fisheries. 

21. The recent advances in science regarding SRKW diet and distribution since the 

SEAK BiOp was written have led to the identification of priority prey stocks and refined 

methodology for estimating harvest impacts to SRKW (Hanson et al 2021; Shelton et al. 2019; 

NMFS 2021). Applying this new methodology to the SEAK troll fishery, an average of 76,603 of 

the Chinook harvested in a conservative estimate could be considered high priority SRKW prey 

over the past five years and most of the catch of these high priority stocks are of hatchery origin. 

This is a much lower impact than was previously estimated when the BiOp was written in 2018. 

Forgone harvest in SEAK troll does not result in commensurate benefits to SRKW. These fish 

must swim through a gauntlet of fisheries and predators where numbers diminish substantially 

before reaching the SRKW habitat range. The increased hatchery production of priority stocks in 

combination with reductions of the 2019 - 2028 PST Agreement in harvest impacts for all 

Chinook fisheries within its scope are providing increased prey availability to SRKW at levels 

much higher than previously thought. 

I declare under penalty of perjury that the forgoing is true and correct.   
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CERTIFICATE OF SERVICE 

I hereby certify that on October 3, 2022, I electronically transmitted the attached 

document to the Clerk of the Court using the ECF System for filing and transmittal of a Notice of 

Electronic Filing to all ECF registrants. 

 
 
       /s/ Brian Ferrasci-O'Malley   
       Brian Ferrasci-O'Malley 
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Appendix A – Genetic-based estimates of SEAK troll catch of SRKW prey, AY 
2017–2021 

Objective 
Estimate the harvest of Southern Resident Killer Whale (SRKW) priority prey stocks (high priority, low 

priority, not prey) of Chinook salmon in the Southeast Alaska (SEAK) commercial troll fishery by time 

period (winter, spring, and summer) for Chinook accounting years 2017–2021 using genetic stock 

identification (GSI). 

Background 
Chinook salmon originating in Alaska, British Columbia, and the Pacific Northwest are harvested in SEAK 

commercial troll fisheries. Owing to its mixed stock nature, the overall SEAK Chinook salmon fishery is 

managed under provisions of the Pacific Salmon Treaty Agreement (PST). The Alaska Department of Fish 

and Game (ADF&G) has used GSI to estimate the stock composition of Chinook salmon harvests in the 

SEAK troll fisheries since 1998 based on a genetic baseline developed by the Genetic Analysis of Pacific 

Salmonids (GAPS) group for use in PST fisheries. Genetic methods allow direct estimation of the major 

stock groups contributing to these fisheries. The information reported herein uses existing GSI stock 

composition estimates to assess the contribution of SRKW priority stocks to SEAK troll fisheries in 

accounting years 2017-2021. 

Data 

GSI Methods 
Details on methods for fishery sampling, laboratory analysis, and statistical analysis can be found in 

Shedd et al. (2021a, 2021b, 2022). 

GSI Baseline 
Genetic stock identification is possible for PST fisheries due to the CTC-funded GAPS project, a 

cooperative project among 10 laboratories with the goal of developing a standardized microsatellite 

DNA baseline for stock identification of Chinook salmon (Seeb et al. 2007). We used the current baseline 

(version 3.0) containing allele frequencies from 357 populations contributing to PST fisheries, ranging 

from the Situk River in Alaska to the Central Valley of California. Stock groupings were aligned with 

SRKW priority prey stocks (Southern Resident Killer Whale Priority Chinook Stocks Report (noaa.gov)) to 

the extent possible and summarized into three reporting groups: 1) high priority prey stocks (score > 2.5 

out of 5), 2) low priority prey stocks (score < 2.5 out of 5), and stocks that do not contribute as prey to 

SRKW (score of 0; Table 1). 

Harvest and Stock-specific Harvest 
Harvest data came from the ADF&G Mark Tag & Age Laboratory website 

(https://mtalab.adfg.alaska.gov/CWT/reports/comexpansion.aspx) summarized by fishery (winter, 

spring, and summer) and Quadrant. Stock composition proportions for each sampling strata were 

multiplied by the total harvest for each strata to determine the stock-specific harvest. Stock-specific 

harvests were aggregated to provide annual totals and seasonal averages across AY 2017–2021 
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Caveats 
This analysis does not include fish harvested in terminal areas in SEAK, as we assume they are all SEAK-

origin and do not typically analyze for GSI. 

There was an experimental mark-select fishery (MSF) in 2017 (harvest = 2,676). We represented these 

fish with GSI data from the summer troll fishery. 

Results 

SRKW High Priority Prey Stocks 
Chinook salmon from high priority SRKW prey stocks contributed an average of 76,603 fish annually to 

the SEAK troll harvest, ranging from a low of 50,394 fish in 2018 to a high of 103,756 fish in 2020 (Table 

2). 

The average harvest of high priority SRKW prey stocks was highest during the summer fishery in all years 

(Table 2). Harvest of these stocks was lowest in the spring fishery, which targets Alaskan hatchery-origin 

stocks. 

SRKW Low Priority Prey Stocks 
Chinook salmon from low priority SRKW prey stocks contributed an average of 34,715 fish annually to 

the SEAK troll harvest, ranging from a low of 25,620 fish in 2019 to a high of 43,761 fish in 2020 (Table 

3). 

The average harvest of low priority SRKW prey stocks was highest during the summer fishery in all years, 

except 2017 when harvest was highest in the winter fishery (Table 3).  

Stocks That Are Not SRKW Prey 
Chinook salmon from stocks that do not contribute to SRKW prey contributed an average of 22,676 fish 

annually to the SEAK troll harvest, ranging from a low of 20,859 fish in 2020 to a high of 26,354 fish in 

2018 (Table 4). 

The average harvest of stocks that do not contribute to SRKW prey was highest during the summer 

fishery in all years, except 2017 when harvest was highest in the winter fishery (Table 4).  
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Tables 
Table 1. Chinook stock groupings aligned with SRKW priority prey stocks (Southern Resident Killer Whale 
Priority Chinook Stocks Report (noaa.gov)). Sp = spring-run, Su = summer-run, Fa = fall-run stocks. Please 
see Supplemental Table 1 for a full list of populations included in each stock and priority group. 

SRKW Priority Chinook ESU/Stock Group SRKW Priority Group 

Puget Sound (Sp, Fa) High 

Lower Columbia (Fa) High 

Strait of Georgia High 

Middle/Upper Columbia (Fa) High 

Fraser (Sp; Su except S Thompson) High 

Lower Columbia (Sp) High 

WA Coast (Sp, Fa) High 

Middle/Upper Columbia (Sp, Su) High 

Fraser (Su; S Thompson only) High 

South OR Coast/California (Sp, Fa) High 

Willamette (Sp) Low 

North/Central OR Coast Low 

West Coast Vancouver Island Low 

Southeastern Alaska Not Prey 

Northern BC Not Prey 

Central BC Not Prey 
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Table 2. Stock-specific harvest of high priority SRKW prey Chinook salmon stocks in the SEAK troll fishery 
by period, accounting years 2017-2021. 

  Fishery   

Accounting Year Winter Spring Summer Total 

 Stock-specific Harvest 

2017     15,690        5,290        49,440        70,420  

2018       4,872            657        44,865        50,394  

2019       3,713        1,111        55,276        60,100  

2020       7,340        4,073        92,343      103,756  

2021       5,868        3,656        88,822        98,346  

Average       7,497        2,957        66,149        76,603  

 

Table 3. Stock-specific harvest of low priority SRKW prey Chinook salmon stocks in the SEAK troll fishery 
by period, accounting years 2017-2021. 

  Fishery   

Accounting Year Winter Spring Summer Total 

 Stock-specific Harvest 

2017     17,416        5,659        11,972        35,047  

2018       2,576        1,101        25,347        29,024  

2019       2,466        2,736        20,418        25,620  

2020       2,896        3,550        37,315        43,761  

2021       3,498        4,747        31,879        40,124  

Average       5,770        3,559        25,386        34,715  

 

Table 4. Stock-specific harvest of Chinook salmon stocks that are not prey for SRKW in the SEAK troll 
fishery by period, accounting years 2017-2021. 

  Fishery   

Accounting Year Winter Spring Summer Total 

 Stock-specific Harvest 

2017     10,758        6,437           5,687        22,882  

2018       4,520        5,204        16,630        26,354  

2019       6,188        6,520           8,245        20,953  

2020       5,575        4,513        10,771        20,859  

2021       5,704        6,047        10,579        22,330  

Average       6,549        5,744        10,382        22,676  
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HONORABLE MICHELLE L. PETERSON 

 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 
__________________________________________  
       ) 
       ) 
WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 
       ) 

Plaintiff, THIRD DECLARATION OF 
Allyson Purcell, National Marine 
Fisheries Service, West Coast 
Region 

v.     
       )  
SCOTT RUMSEY, et al.,    )  
       )   

Defendants,    )  
       ) 
 and       ) 
       ) 
ALASKA TROLLERS ASSOCIATION,   ) 
       ) 

Defendant-Intervenor.   ) 
       ) 

and      ) 
       ) 
STATE OF ALASKA     ) 

Defendant-Intervenor.   ) 
) 

__________________________________________) 
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I, Allyson Purcell, declare and state as follows: 

Introduction 

1.  I am the Branch Chief for the National Marine Fisheries Service’s (NMFS’s) West Coast 

Region’s Anadromous Production and Inland Fisheries Branch.  I previously prepared two 

declarations that were submitted in this matter; my first declaration was submitted on May 11, 

2020 (First Purcell declaration) and my second declaration was submitted on May 25, 2021 

(Second Purcell declaration).  These prior declarations described my professional qualifications 

and opinions I had developed in this matter up to this point.  I do not repeat that material here, 

but incorporate it by reference.   

2.  In this third declaration, I provide an update on the Pacific Salmon Treaty’s prey increase 

program for Southern Resident killer whales (SRKWs), a summary of the Endangered Species 

Act (ESA) and National Environmental Policy Act (NEPA) analyses that have been completed 

on hatchery production funded via the prey increase program, and the potential impacts of 

enjoining or interrupting funding for the prey increase program.  In preparing for this declaration, 

I have reviewed the Magistrate Judge’s Report and Recommendation,  the Court’s Order 

Adopting Report and Recommendation, Plaintiff’s Motion for a Final Order on Relief and for a 

Temporary Restraining Order and/or a Preliminary Injunction Pending Entry of a Final Order on 

Relief, the Third Declaration of Gordon Luikart, Ph.D., the Third Declaration of Lynne Barre 

(filed with this declaration) and the Second Declaration of Scott Rumsey (filed with this 

declaration).   
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Status of the Prey Increase Program 

3.  In a previous declaration, I described how the prey increase program for SRKWs was 

implemented in fiscal year 2020 and 2021 (Second Purcell Declaration).  Attachment 1 updates 

juvenile Chinook release numbers with fiscal year 2020 and 2021 funding and includes 

information on what was funded in fiscal year 2022.  In summary, over $5.4 million of funds 

were distributed (after overhead removed) by NMFS in fiscal year 2022 for the prey increase 

program.  More than 19 million juvenile Chinook were released in 2022 as a result of the federal 

prey increase program and Washington State funding for additional hatchery Chinook production 

to increase prey for SRKW combined.  As described in Attachment 1, NMFS has concluded that 

the prey increase program is on track to provide the benefits to SRKWs that were anticipated in 

the 2019 biological opinion on the effects of domestic actions associated with implementing the 

2019-2028 Pacific Salmon Treaty Agreement (NMFS 2019). 

NMFS’ Evaluation of the Prey Increase Program 

4.  As described in my previous declaration (Second Purcell Declaration) and Attachment 1, 

NMFS uses a series of criteria when determining which hatchery production to fund as part of 

the prey increase program for SRKWs.  In addition to considering where hatchery production 

will have the most value to SRKWs, NMFS considers the potential adverse effects of increased 

production on ESA-listed species.  One of the criteria we use in deciding which programs to fund 

is that increased production cannot jeopardize the survival and recovery of any ESA-listed 

species.  Another criterion is that all increased production must be reviewed under the ESA and 

NEPA, as applicable, before NMFS funding can be used. 
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5.   Attachment 2 summarizes the ESA and NEPA analyses that NMFS has completed on the 

effects of the increased production proposals that have been awarded funds to date.  In some 

cases, the effects of the increased production proposals were fully evaluated in previously 

completed ESA and NEPA documents.  In other cases, the increased production proposals 

required new ESA and NEPA analyses.  Each year, NMFS reviews the proposals and determines 

which ones need additional ESA and/or NEPA review.  As Attachment 2 demonstrates, before 

these funds can be utilized, NMFS completes all relevant ESA and NEPA reviews ensuring that 

those programs comply with substantive ESA requirements, as well as procedural obligations 

under NEPA. 

6.  NMFS has extensive experience evaluating hatchery programs under the ESA and NEPA.  

In my 2021 declaration (Second Purcell Declaration), I describe these analyses in detail, and 

incorporate that discussion by reference.  In this declaration, I will focus on the potential genetic 

risks associated with increased hatchery production since that is the focus of the plaintiff’s 

arguments in their remedy brief and Dr. Luikart’s third declaration. 

7.  In the plaintiff’s remedy brief, it says the following, “According to NMFS, [proportion of 

hatchery-origin spawners (pHOS)] levels that exceed [hatchery scientific review group (HSRG)] 

criteria are acceptable only where a wild salmon population is at a high risk of extinction and the 

hatchery is used to reduce the short-term extinction risk. AR 10419.”  This is not NMFS’s 

position.  Optimal pHOS will depend upon multiple factors, such as the importance of the 

population to ESA recovery and the fitness differences between hatchery-origin and natural-

origin fish.  NMFS considers these factors in its site-specific ESA evaluations.  In addition, we 
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consider the cumulative impacts of all other hatchery programs that may be contributing to 

pHOS for a particular population.   

8.  Our site-specific biological opinions and NEPA documents are the best way to evaluate 

risks associated with the prey increase program because it is difficult to understand biological 

risks without knowing the project-level details.  That is, to fully evaluate effects, we need to 

know where the fish will be released, the origin of the broodstock (e.g., local or non-local), how 

many natural-origin fish will be included in the broodstock, how will the fish be acclimated and 

released, how the returning adults be managed (e.g., will they be removed at a weir), and what 

the role of the affected population(s) is in recovery of the species.  Our site-specific ESA 

analyses ensure that none of the hatchery production funded through the prey increase program 

jeopardizes survival and recovery of listed salmon or adversely modify designated critical 

habitat.   

Impact of Enjoining Funding for the Prey Increase Program 

9.  It is hard to predict what would happen if funds for the prey increase program are 

interrupted or enjoined.  Without continued funding, hatchery operators would likely not 

spawn addition adult fish next fall to provide increased prey to SRKW.  In addition, there are 

currently juvenile fish in the hatchery facilities that have been produced using FY 2020, 2021 

and 2022 funds.  Without continued funding, hatchery operators may not be able to rear these 

fish until the time when they would normally be released.  If the funds were interrupted or 

enjoined, one potential result is that the hatchery operators would use other sources of funds 

to rear the juvenile fish in the hatcheries until they are ready for release.  Another scenario 

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 5 of 1903

1-SER-32

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 32 of 300
(36 of 992)



 
 

          
          
           
Case No. 2:20-CV-417-RAJ-MLP         

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

would be that the hatchery operators release the fish early, in which case they would have 

lower survival, reducing their potential contribution to SRKW diet.  However, another 

important biological concern is that if the fish are released early, they would probably not be 

externally marked (e.g., adipose fin clip) or tagged.  Marking and/or tagging of hatchery-

origin salmon allow us to monitor and manage genetic risks.  As an example, in some 

tributaries, weirs are used to block the passage of fish so that hatchery-origin fish can be 

removed to control pHOS.  If the hatchery fish are not marked, they will likely be 

indistinguishable from the wild fish and would be passed above the weir to spawn naturally, 

which would increase pHOS and could potentially increase genetic risk in those tributaries. 

Conclusion 

10.  It is my opinion that NOAA is implementing the prey increase program in a thoughtful 

and careful manner.  All increased production proposals are being reviewed in site-specific ESA 

and NEPA evaluations before federal prey increase funding is used.  As a result, NOAA is able 

to ensure that the funding for the prey increase program is not resulting in irreparable harm to 

ESA-listed salmon, while providing benefits to endangered SRKW.  Interrupting or enjoining 

funding for the prey increase program is likely to decrease available prey to SRKW.  Interrupting 

or enjoining funding for the prey increase program may also increase risks to ESA-listed 

Chinook species if it results in hatchery-origin fish being prematurely released from the 

hatcheries without being marked or tagged. 
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I declare under penalty of perjury that the foregoing is true and correct. Executed on 

October 3, 2022), in Portland, OR.  

 

_________________________________ 

Allyson Purcell 

 

 

 

 

PURCELL.ALLYSO
N.O.1365850964

Digitally signed by 
PURCELL.ALLYSON.O.1365850
964 
Date: 2022.10.03 13:53:48 
-07'00'
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Third Purcell Declaration 
Attachment 1 
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To:  Memo to File for Biological Opinion on the Delegation 

of Management Authority for Specified Salmon Fisheries  
to the State of Alaska 

 
From:   Allyson Purcell 
  Branch Chief, Hatcheries and Inland Fisheries 
  West Coast Region 
 
Subject: Status Update on the Hatchery Production Initiative for  
  Southern Resident Killer Whale1  
 
 
Introduction 
The Pacific Salmon Treaty (PST) provides a framework for the United States and Canada to cooperate on 
the management of Pacific salmon.  A high degree of cooperation is required to prevent overfishing, 
provide optimum production, and ensure that each country receives benefits that are equivalent to the 
production of salmon in its waters.  In 2019, the National Marine Fisheries Service (NMFS) completed a 
biological opinion on the effects of domestic actions associated with implementing the 2019-2028 PST 
Agreement (NMFS 2019).  One of the domestic actions associated with implementation of the new PST 
agreement was the delegation of management authority for specified salmon fisheries to the state of 
Alaska.  Another domestic action was to increase hatchery production to provide additional prey for 
endangered Southern Resident killer whales (SRKW).  NMFS’ 2019 biological opinion describes this 
latter action as follows: 

A preliminary design of the SRKW hatchery production program was developed, and is described 
below, in order to provide cost estimates and further definition for how the program should be 
designed and implemented to achieve the “meaningful increase” in prey availability that is 
intended. The preliminary design should be used as a benchmark for evaluating the program that 
will presumably be funded and implemented. However, there is flexibility to adjust the design to 
account for new information so long as the key objective of the program is met. By key objective 
we focus in particular on the intention to increase prey availability by 4-5 percent in areas that are 
most important to SRKWs as described below. 

The new production should be distributed broadly to supplement prey abundance in Puget Sound 
in the summer and offshore areas in the winter, times and areas that have been identified as most 
limiting. The hatchery production program would operate each year at a cost of no less than $5.6 
million per year including an adjustment for administrative overhead. The goal of the hatchery 
production initiative for supplementing prey abundance is to provide a “meaningful” increase in 
the abundance of age 3-5 Chinook salmon in the times and areas most important to SRKWs. It 
would be prioritized to increase abundance in inside areas (Puget Sound) in the summer and 

                                                            
1 The Hatchery Production Initiative for SRKW is also referred to as the prey increase program.  These terms are 
used interchangeably by NMFS. 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
West Coast Region 
1201 NE Lloyd Boulevard, Suite 1100 
PORTLAND, OREGON 97232-1274 

 
 
 
                 September 1, 2022 
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outside areas (coastal) during the winter where we believe prey abundance is most limiting 
(Dygert et al. 2018). For the estimated cost per year an additional 20 million Chinook salmon 
smolts could be expected. Five or six million smolts should come from facilities in Puget Sound 
with the remainder from the Washington coast and Columbia River. This disproportionate 
distribution results from the fact that the abundance of Chinook salmon in the ocean is about three 
times higher than it is in the Puget Sound. Increasing production by 20 million smolts with the 
above described distribution is expected to increase prey abundance by 4-5 percent in inside areas 
in the summer and coastal areas in the winter (Dygert et al. 2018). 

For purposes of this analysis, we assume that funding for the conservation program for Puget 
Sound Chinook salmon and SRKW will be forthcoming largely as described and the program will 
be implemented during the duration of the new Chinook salmon regime as proposed. The benefits 
from reduction in harvest in SEAK and other fisheries resulting from the new PST Agreement 
will be effective immediately. However, it is important to note that the effects assumed in the 
analysis related to the funding initiative will not take place for at least four to five years into the 
future as funding is attained, fish from the conservation hatchery programs reach maturity in the 
oceans and productivity improvements are realized from the habitat mitigation. We recognize that 
there is a degree of uncertainty regarding whether Congress will provide the funding, in whole or 
in part, that was agreed to by the U.S. Section in a timely manner. In the event the required 
funding is not provided in time for actions to take effect during the agreement, or if the 
anticipated actions are not otherwise implemented through other means (e.g., non-fishing related 
restoration activities, other funding sources) this may constitute a modification to the proposed 
action that could result in effects on Puget Sound Chinook salmon and SRKW not considered in 
this opinion. If this was answered in the affirmative, reinitiation of consultation would therefore 
be required. See 50 CFR section 402.16(c). We expect this opinion and ITS to remain in place 
during the interim should reinitiation occur. 

 
Washington State Funding for SRKW Prey 
In response to recommendations from the Washington State Southern Resident Killer Whale Task Force 
(2018), the Washington State Legislature provided ~$13 million of funding “prioritized to increase prey 
abundance for southern resident orcas” (Engrossed Substitute House Bill 1109) for the 2019-2021 
biennium (July 2019 through June 2021).  Using these funds, over 10.8 million and 7.6 million additional 
hatchery-origin Chinook salmon were released to augment the SRKW prey base in 2020 and 2021, 
respectively from Washington Department of Fish and Wildlife Department, Douglas Public Utility 
District, and tribal facilities (Table 1).  The Washington State Legislature also provided $12.5 million to 
increase prey abundance for SRKW in the 2021-2023 biennium (July 2021 through June 2023), and more 
than 11 million additional hatchery-origin Chinook salmon are estimated to be released in 2022 as a result 
of this funding (Table 2). 

The Washington State funding was intended to and has been used to increase production of coho and 
chum salmon, which are consumed by SRKW in addition to Chinook.  With these funds, an additional 
1.67 million coho and 1.92 million chum salmon were released in 2020, an additional 3.28 million coho 
and 3.76 million chum salmon were released in 2021, and an additional 3.375 million coho and 8 million 
chum salmon are estimated to be released in 2022.  Although increased production for coho and chum 
salmon was not included as part of the proposed action evaluated in the 2019 biological opinion on the 
delegation of management authority for specified salmon fisheries to the State of Alaska, a recent study 
(Hanson et al. 2021) found that coho and chum salmon are important prey to SRKW during certain 
periods of the year. 

 
Federal funding for SRKW Prey:  Selection Process and Criteria 
In FY20, FY21, and FY22, NMFS solicited proposals for new hatchery production and associated 
infrastructure from the Treaty tribes of western Washington and the Columbia River Basin, U.S. Fish and 
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Wildlife Service, Washington Department of Fish and Wildlife, Oregon Department of Fish and Wildlife, 
and other operators of hatchery programs in the region. The following criteria were used to prioritize 
funding for candidate programs: 

 Criteria 1: Increased hatchery production should be for Chinook stocks that are a high priority 
for SRKW (NMFS and WDFW 2018; Ad-hoc SRKW Workgroup 2020) 

 Criteria 2: Increased production should be focused on stocks that are a high priority for 
SRKW (NOAA and WDFW 2018), but funding should be distributed so that hatchery 
production is increased across an array of Chinook stocks from different geographic areas and 
run timings (i.e., a portfolio) 

 Criteria 3: Increased production cannot jeopardize the survival and recovery of any 
Endangered Species Act (ESA)-listed species, including salmon and steelhead 

 Criteria 4: Because of funding and timing constraints, increased production proposals should 
not require major capital upgrades to hatchery facilities 

 Criteria 5: All proposals should have co-manager agreement, as applicable 

 Criteria 6: All increased production must be reviewed under the ESA and National 
Environmental Policy Act (NEPA), as applicable, before NMFS funding can be used 

 
FY20 PST Funding for SRKW Prey 
For FY20, NMFS allocated $5.6 million of the PST federal appropriation for the Hatchery Production 
Initiative for SRKW. Of this $5.6 million, $738,509 was reserved by NMFS for administrative costs and 
the remainder was distributed to hatchery operators. 

Table 3 describes the hatchery programs that were funded in FY20.  This production is in addition to the 
hatchery production funded by the Washington State Legislature for the 2019-2021 biennium (Table 1).  
As a result of the FY20 funding, about 600,000 and over 6.1 million hatchery-origin Chinook salmon 
were released in 2020 and 2021, respectively.  Additionally, over 3.3 million hatchery-origin Chinook 
salmon produced using the FY 2020 funds are estimated to be released in 20222. 

 
FY21 PST Funding for SRKW Prey 
For FY21, NMFS distributed almost $6.5 million3 of the PST Federal appropriation (after overhead 
removed) for the Hatchery Production Initiative for SRKW.   
 
Table 4 describes the hatchery programs that were funded in FY21 with PST funds.  This production is in 
addition to the hatchery productions funded by the Washington State Legislature for the 2019-2021 and 
2021-2023 biennia.  As a result of the FY21 funds, about 167,000 and over 4.6 million hatchery-origin 
Chinook salmon are estimated to be released in 2021 and 20221 respectively.  Additionally, over 2.3 
million hatchery-origin Chinook salmon produced using FY 21 funds are expected to be released in 2023. 

 
FY22 PST Funding for SRKW Prey 
For FY22, NMFS distributed $5.4 million (after overhead removed) of the PST federal appropriation for 
the Hatchery Production Initiative for SRKW.  Table 5 contains the final list of projects funded.  These 

                                                            
2 While the estimate number of fish for release in 2022 are the best estimate we have at this point, it is not feasible to 
count the exact number of individual fish for each release years. 
3 $5.6 million of the NMFS FY21 PST funds were allocated for the Hatchery Production Initiative for SRKW, with 
$4,723,845 to distribute after NMFS overhead was removed. Combined with $1,743,552 (after overhead is 
removed) from USFWS, this totals $6,467,397. 
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projects are expected to result in the release of an additional 11 million hatchery-origin Chinook salmon 
in the future years. 
 

Conclusion 
Table 6 summarizes the total release of hatchery-origin Chinook salmon in 2020, 2021, and 2022 funded 
via the PST federal appropriation as well as Washington State funds.  In 2020, over 11.4 million hatchery-
origin Chinook salmon were released as a result of the FY20 federal funding and 2019-2021 Washington 
State Legislature funding for the Hatchery Production Initiative for SRKW.  In 2021, over 13.9 million 
additional hatchery-origin Chinook salmon were released as a result of the FY20 and FY21 PST funding 
and 2019-2021 Washington State Legislature funding.  In 2022, over 19.3 million additional hatchery-
origin Chinook salmon were released as a result of the FY20 and FY21 PST funding and 2021-2023 
Washington State Legislature funding.  These releases represent increases in production from the base 
period considered in NMFS’ 2019 biological opinion (NMFS 2019; Table 1; Table 2). In addition, an 
additional 2.25 million coho and 2.42 million chum salmon were released in 2020, an additional 3.11 
million coho and 5.43 million chum were released in 2021, and an additional 3.375 million coho and 8 
million chum salmon are expected to be released in 2022.  Although increased production for coho and 
chum salmon were not included as part of the proposed action evaluated in the 2019 biological opinion, 
these salmon are expected to provide additional prey to SRKW.   
 
Overall, appropriated and obligated funding for the Hatchery Production Initiative for SRKW has been 
higher than what was anticipated in the 2019 biological opinion.  In addition, a smaller proportion of the 
allocated federal funds are expected to be needed for infrastructure upgrades such as marking trailers and 
backup generators, in future years.  Therefore, a higher proportion of the funds should directly support 
production of Chinook salmon in future years, as seen in the final list of projects for FY22 (Table 5).  The 
2019 biological opinion acknowledged that the benefits of the funding initiative would not take place for 
at least four to five years into the 2019-2029 PST Agreement as funding was attained and fish from the 
hatchery programs reached maturity in the oceans.  Based on the numbers of hatchery Chinook produced 
using federal and state funds, released to date, and expected to be released in the next few years, NMFS 
concludes that the Hatchery Production Initiative for SRKW is on track to provide the benefits that were 
anticipated in the 2019 biological opinion. 
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Table 1.  Washington State Funding for SRKW Prey in the 2019-2021 biennium 

Facility Region Species Entity Increased 
Proposal 

Brood Source Release 
Location 

2019 Release  2020 Release 2021 Release 

Kendall Puget 
Sound 

Sp. CK WDFW 500,000 Kendall Kendall  660,527  421,381  381,725 

Whatcom Cr. Puget 
Sound 

F. CK WDFW 500,000 Samish Whatcom Cr. 200,000  670,000  491,747 

Hupp Springs Puget 
Sound 

Sp. CK WDFW 500,000 Minter Hupp 259,873  388,909  543,034 

Samish Puget 
Sound 

F. CK WDFW 1,000,000 Samish Samish 1,089,148  1,217,867  0 

Wallace River Puget 
Sound 

Sum. CK WDFW 400,000 Wallace River Wallace River  -    260,745  0 

Wallace River Puget 
Sound 

Sum. CK WDFW 100,000 Wallace River Wallace River -    34,938  44,158 

Soos/Palmer Puget 
Sound 

F. CK WDFW 2,000,000 Green River Palmer 282,638  1,210,986/a - 

Marblemount Puget 
Sound 

Sp. CK WDFW 400,000 Marblemount Marblemount  -    203,095  574,408 

Sol Duc WA 
Coast 

Sum. CK WDFW 500,000 Sol Duc Sol Duc 500,143  582,479  480,291 

Sol Duc WA 
Coast 

Sum. CK WDFW 0 Sol Duc Sol Duc -    -    67,787 

Humptulips * WA 
Coast 

F. CK WDFW 500,000 Humptulips Humptulips -    -    - 

Minter Puget 
Sound 

F. CK WDFW 400,000 Minter Minter 763,333  321,497  332,672 

Naselle  WA 
Coast 

F. CK WDFW 2,500,000 Naselle Naselle -    - 1,472,258 

Forks Creek WA 
Coast 

F. CK WDFW 50,000 Forks Creek Forks Creek 567,560  2,278,497  257,338 

Wells Hatchery Columbia 
River 

Sum. CK DPUD 500,000 Wells  Wells 
Hatchery 

0 541,299 482,734 

Quinault Lake WA 
Coast 

F. CK Quinault 
Indian 
Nation 

500,000 Quinault Quinault Lake - - 500,000 

Sol Duc/Bear Springs WA 
Coast 

Sum. CK Quileute 
Tribe 

150,000 Sol Duc  Bear Springs - - 147,913 

Sol Duc/Bear Springs WA 
Coast 

Sum. CK Quileute 
Tribe 

75,000 Sol Duc  Bear Springs - 70,000 70,758 
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Facility Region Species Entity Increased 
Proposal 

Brood Source Release 
Location 

2019 Release  2020 Release 2021 Release 

Wilkeson Creek Puget 
Sound 

F. CK Puyallup 
Tribe of 
Indians 

1,075,200 Voights  Wilkeson 
Creek 

- 728,587 246,849 

White River Puget 
Sound 

Sp. CK Muckleshoot 
Indian 
Tribes 

200,000 White River White River - - 167,557 

Squaxin/South Sound  
Net Pens  

Puget 
Sound 

F. CK Squaxin 
Island Tribe 

500,000 Deschutes / 
Green River 

Squaxin/South 
Sound Net 
Pens 

- - - 

Lummi Bay Hatchery Puget 
Sound 

Sp. CK Lummi 
Nation 

500,000 Kendall  Lummi Bay - 50,000 222,168 

Skookum Creek 
 

Puget 
Sound 

Early CK Lummi 
Nation 

1,000,000 Skookum 
Creek 

Skookum Cr. - 870,000 794,626 

Klickitat Hatchery Columbia 
River 

F. CK Yakama 
Nation 

1,000,000 Klickitat/Little White Klickitat 
River 

- 1,000,000 - 

Lewis River Columbia 
River 

Sp. CK WDFW - Lewis River Lewis River 944,425  389,959 

TOTAL       4,323,222 10,850,280 7,667,982 
a Partially funded by PST with FY19 funds 
SP CK = spring Chinook; F. CK = fall Chinook; WDFW = Washington Department of Fish and Wildlife 
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Table 2.  Washington State Funding for SRKW Prey in the 2021-2023 biennium 

Facility Region Species Entity Increased Proposal Brood Source Release Location Estimated 2022 
Release 

Kendall Puget Sound Sp. CK WDFW 500,000 Kendall Kendall  550,000  

Whatcom Cr. Puget Sound F. CK WDFW 500,000 Samish Whatcom Cr. 500,000 

Hupp Springs Puget Sound Sp. CK WDFW 500,000 Minter Hupp 537,000  

Samish Puget Sound F. CK WDFW 1,000,000 Samish Samish 900,000 

Wallace River Puget Sound Sum. CK WDFW 400,000 Wallace River Wallace River 1,046,933 

Wallace River Puget Sound Sum. CK WDFW 100,000 Wallace River Wallace River 0 

Marblemount Puget Sound Sp. CK WDFW 400,000 Marblemount Marblemount 556,000 

Sol Duc WA Coast Sum. CK WDFW 500,000 Sol Duc Sol Duc 585,000  

Sol Duc WA Coast Sum. CK WDFW 0 Sol Duc Sol Duc 75,000  

Minter Puget Sound F. CK WDFW 400,000 Minter Minter 500,000  

Naselle  WA Coast F. CK WDFW 2,500,000 Naselle Naselle 2,600,000 

Forks Creek WA Coast F. CK WDFW 50,000 Forks Creek Forks Creek 110,000 

Wells Hatchery Columbia River Sum. CK DPUD 500,000 Wells  Wells Hatchery 520,440 

Quinault Lake WA Coast F. CK Quinault Indian 
Nation 

500,000 Quinault Quinault Lake 550,000 

Sol Duc/Bear Springs WA Coast Sum. CK Quileute Tribe 75,000 Sol Duc  Bear Springs 75,000 

Wilkeson Creek Puget Sound F. CK Puyallup Tribe of 
Indians 

1,075,200 Voights  Wilkeson Creek 400,000 

White River Puget Sound Sp. CK Muckleshoot 
Indian Tribes 

200,000 White River White River 200,000 

Squaxin/South Sound  
Net Pens  

Puget Sound F. CK Squaxin Island 
Tribe 

500,000 Deschutes / 
Green River 

Squaxin/South 
Sound Net Pens 

0 

Lummi Bay Hatchery Puget Sound Sp. CK Lummi Nation 500,000 Kendall  Lummi Bay 525,000 

Skookum Creek 
 

Puget Sound Early CK Lummi Nation 1,000,000 Skookum 
Creek 

Skookum Cr. 545,000 

Klickitat Hatchery Columbia River F. CK Yakama Nation 1,000,000 Klickitat/Little White Klickitat River 300,000 

Lewis River Columbia River Sp. CK WDFW - Lewis River Lewis River 268,950 
TOTAL       11,344,323 
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Table 3.  Programs that received FY20 PST funding for the Hatchery Production Initiative for SRKW 

Facility Region Species Entity Increased 
Proposal 

Brood 
Source 

Release 
Location 

2020 
Release 

2021 
Release/a 

2022 
Release/a 

Operating 
Cost 

Infrastructure 
Cost 

Total Cost 

Tulalip 
Bernie Gobin 
Hatchery 

Puget 
Sound 

Sum 
CK 

Tulalip 
Tribe 

1,000,000 Wallace Tulalip Bay - - 1,500,000 $555,914 $783,414 $1,339328 

Tulalip 
Bernie Gobin 
Hatchery 

Puget 
Sound 

Sum 
CK 

RCO 
overhead 

- N/A - - - - - - $55,180 

Soos Creek 
Hatchery 

Puget 
Sound 

F. CK WDFW 2,000,000 Green 
River 

Green River - 2,003,244/c - $245,559 - $245,559 

Soos Creek 
Hatchery 

Puget 
Sound 

F. CK RCO 
overhead 

- N/A - - - - - - $10,117 

Partial 
funding for 
NWIFC 
marking 
trailer 

Puget 
Sound 

All NWIFC - N/A - - - - - $500,000 $500,000 

Partial 
funding for 
NWIFC 
marking 
trailer 

Puget 
Sound 

All RCO 
overhead 

- N/A - - - - - - $20,600 

Marion Drain 
Hatchery 

Columbia 
River 

Sum. 
CK 

Yakama 
Nation 

500,000 Entiat/ 
Wells/ 
Chelan 

Yakima 
River 

- 

279,594 

- $43,000 - $43,000 

Select-Area 
Fishery 
Enhancement 
(SAFE) 

Columbia 
River 

Sp. 
CK 

ODFW 1,320,000/a Willamette 
River 

Youngs Bay 
or Tongue 
Point 

- 

1,657,580 

- $600,000 - $600,000 

SAFE Columbia 
River 

Sp. 
CK 

ODFW 1,500,000 Willamette 
River 

Youngs Bay 
or Tongue 
Point 

- - 1,507,467 $251,477 /b - $251,477 

Umatilla 
Hatchery 

Columbia 
River 

F. CK 
(URB) 

ODFW 120,000 Little 
White 

Umatilla 
River 

117,548 - - $30,000 _ $30,000 

Parkdale 
Hatchery 

Columbia 
River 

Sp. 
CK 

CTWSR Not enough 
BS; Funds 
need to be 
reallocated 

Hood 
River 

N/A - - - $31,230 - $31,230 

Round Butte 
Hatchery 

Columbia 
River 

Sp. 
CK 

ODFW Not enough 
BS.  Funds 
reallocated 
to 

Deschutes 
River 

N/A - - - $0 - $0 
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Facility Region Species Entity Increased 
Proposal 

Brood 
Source 

Release 
Location 

2020 
Release 

2021 
Release/a 

2022 
Release/a 

Operating 
Cost 

Infrastructure 
Cost 

Total Cost 

Bonneville 
tules 

Bonneville 
Hatchery 

Columbia 
River 

F. CK 
(tules) 

ODFW 200,000 Bonneville 
Pool 

Columbia 
River 

- 
344,122 

- $25,000 - $25,000 

Wells 
Hatchery 

Columbia 
River 

Sum. 
CK 

DPUD 500,000 Wells Columbia 
River 

- 
482,734 

- $170,000 - $170,000 

Little 
White/Willard 
National Fish 
Hatchery 
(NFH) 

Columbia 
River 

F. CK 
(URB) 

USFWS 630,000 Little 
White 

Little White 
River 

479,694 - - $200,000 - $200,000 

Little 
White/Willard 
NFH 

Columbia 
River 

F. CK 
(URB) 

USFWS 650,000 Little 
White 

Little White 
River 

- 649,356 - $165,000 $140,000 $305,000 

Little 
White/Willard 
NFH 

Columbia 
River 

Sp. 
CK 

USFWS 400,000 Spring 
Chinook  

Columbia 
River 

- - 380,578 $160,000 - $160,000 

Spring Creek 
NFH 

Columbia 
River 

F. CK 
(tules) 

 USFWS 2,000,000 Columbia 
River 
Gorge 
tules 

Columbia 
River 

- 688,509 - $360,000 $515,000 $875,000 

TOTAL        597,242 6,105,139 3,388,045 $2,585,703 $1,938,414 $4,861,491 
a Tag codes will be available after the fish are tagged. b Additional funding will be needed in FY21 to complete rearing and release of these fish. c Partially funded by WDFW 
RCO = WA’s Recreation and Conservation Office; CTWSR = Confederated Tribes of the Warm Springs Reservation of Oregon; DPUD = Douglas Public Utility District; USFWS 
= United States Fish and Wildlife Service; ODFW = Oregon Fish and Wildlife Service; NWIFC = Northwest Indian Fisheries Commission; BS = broodstock; URB = Upriver 
Bright fall Chinook salmon; NFH = National Fish Hatchery; SP CK = spring Chinook; F. CK = fall Chinook 
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Table 4.  Programs that received FY21 PST funding for the Hatchery Production Initiative for SRKW 

Facility Region Species Entity Increased 
Proposal 

Brood 
Source 

Release 
Location 

2021 
Release 

2022 
Release 

Anticipated 
2023 
Release 

Operating 
Cost 

Infrastructure 
Cost 

Total Cost 

Issaquah 
Hatchery 

Puget 
Sound 

F. CK WDFW 1,000,000 Issaquah/ 
Soos Creek 

Issaquah 
Creek 

- 900,000 - $135,000 - $135,000 

Issaquah 
Hatchery 

Puget 
Sound 

F. CK RCO 
overhead 

- NA - - - - - - $5,562 

Soos Creek 
Hatchery 

Puget 
Sound 

F. CK WDFW 2,000,000 Green 
River 

Green 
River 

- 2,000,000 - $428,000 - $428,000 

Soos Creek 
Hatchery 

Puget 
Sound 

F. CK RCO 
overhead 

- N/A - - - - - - $17,634 

Marking 
trailer 

Puget 
Sound 

All WDFW - N/A - - - - - $1,500,000 $1,500,000 

Marking 
trailer 

Puget 
Sound 

All RCO 
overhead 

- N/A - - - - - - $61,800 

Clark Creek 
Hatchery 
upgrades 

Puget 
Sound 

N/A Puyallup 
Tribe 

These 
upgrades 
will create 
additional 
capacity to 
raise fish 

N/A - - - - - $1,200,000 $1,200,000 

Clark Creek 
Hatchery 
upgrades 

Puget 
Sound 

N/A RCO 
overhead 

- N/A - - - - - - $49,440 

University of 
Washington 
Hatchery 

Puget 
Sound 

F. CK Muckleshoot 
Indian 
Nation 

180,000 N/A - - - - - $325,000 $325,000 

University of 
Washington 
Hatchery 

Puget 
Sound 

F. CK RCO 
overhead 

- N/A - - - - - - $13,390 

Marblemount 
Hatchery 

Puget 
Sound 

N/A WDFW These 
upgrades 
will create 
additional 
capacity to 
raise fish 

N/A - - - - - $346,587.02 $346,587.02 

Marblemount 
Hatchery 

Puget 
Sound 

N/A RCO 
overhead 

- N/A - - - - - - $14,892.82 

Enhanced 
monitoring 
plan for 

Puget 
Sound 

All WDFW - N/A - - - - $5,000 - $5,000 
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Facility Region Species Entity Increased 
Proposal 

Brood 
Source 

Release 
Location 

2021 
Release 

2022 
Release 

Anticipated 
2023 
Release 

Operating 
Cost 

Infrastructure 
Cost 

Total Cost 

ecological 
effects 
Enhanced 
monitoring 
plan for 
ecological 
effects 

Puget 
Sound 

All PSMFC 
overhead 

- N/A - - - - $457  $457 

East Bank 
and Marion 
Drain 
Hatcheries 

Columbia 
River 

Sum. 
CK 

Yakama 
Nation 

500,000 Entiat/ 
Wells/ 
Chelan 

Yakima 
River 

- 500,000 100,000 $137,707 - $137,707 

Klickitat 
Hatchery 

Columbia 
River 

F. CK Yakama 
Nation 

These 
upgrades 
will create 
additional 
capacity to 
raise an 
additional 
1,000,000 
F. CK 
(URB) 

N/A - - - - - $55,000 $55,000 

Select-Area 
Fishery 
Enhancement 
(SAFE) 

Columbia 
River 

Sp. 
CK 

ODFW 1,500,000 Willamette 
River 

Youngs 
Bay or 
Tongue 
Point 

- - 1,500,000 $851,476 - $851,476 

Umatilla 
Hatchery 

Columbia 
River 

F. CK 
(URB) 

ODFW 120,000 Little 
White 

Umatilla 
River 

- 128,185 - $30,000 _ $30,000 

Bonneville 
Hatchery 

Columbia 
River 

F. CK 
(tules) 

ODFW 250,000 Bonneville 
Pool 

Columbia 
River 

- 0 - $56,430b - $56,430 

Umatilla and 
Bonneville 
Hatchery 

Columbia 
River 

F. CK 
(URB) 

ODFW 100,000 Little 
White 

Umatilla 
River 

167,010 - - $35,778 - $35,778 

Wells 
Hatchery 

Columbia 
River 

Sum. 
CK 

DPUD/WDF
W 

500,000 Wells Columbia 
River 

- 550,000 - $175,000 - $175,000 

Dworshak 
NFH 

Columbia 
River 

Sp. 
CK 

Nez Perce 
Tribe 

500,000 Clearwater 
River 

Clearwate
r River 

- 508,985 - $81,000 $75,000 $156,000 

Little White 
NFH 

Columbia 
River 

Sp. 
CK 

USFWS 650,000 Little 
White 

Little 
White 
River 

- - 650,000 $200,915 $98,050 $289,965 
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Facility Region Species Entity Increased 
Proposal 

Brood 
Source 

Release 
Location 

2021 
Release 

2022 
Release 

Anticipated 
2023 
Release 

Operating 
Cost 

Infrastructure 
Cost 

Total Cost 

Spring Creek 
NFH 

Columbia 
River 

F. CK 
(tules) 

 USFWS 2,000,000 Columbia 
River 
Gorge tules 

Columbia 
River 

- 66,294 - $317,989 $88,200 $406,189 

Carson NFH Columbia 
River 

Sp. 
CK 

USFWS 100,000 Carson Wind 
River 

- - 100,000 $65,459 $96,600 $162,059 

TOTAL        167,010 4,653,464 2,350,000 $2,519,754 $3,784,437.02 $6,467,367 
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Table 5.  Programs that received FY22 PST funding for the Hatchery Production Initiative for SRKW 

Facility Region Species Entity Increased Proposal Operational Costs Capital Costs Total Cost 

Issaquah Hatchery Puget Sound F. CK WDFW 1,000,000 $135,000 - $135,000 

Automatic marking trailer Puget Sound N/A WDFW N/A - $1,500,000 $1,500,000 
Soos Creek-Palmer Pond Hatchery 
Chinook Puget Sound F. CK WDFW 2,000,000 $428,000 - $428,000 

Tulalip Bernie Gobin Hatchery Puget Sound Sum. CK Tulalip Tribe 2,000,000 $555,914 - $555,914 

Tulalip Bernie Gobin Hatchery Puget Sound Sum. CK RCO overhead - - - $22,904 

University of Washington Hatchery Puget Sound F. CK Muckleshoot Indian Tribe 180,000 $75,071 $315,261 $390,332 

University of Washington Hatchery Puget Sound F. CK RCO overhead - - - $16,082 

Spring Creek NFH Columbia River F. CK (tule) USFWS 2,000,000 $346,235 $156,993 $503,228 

Little White Salmon NFH Columbia River Sp. CK USFWS 650,000 $214,477 - $214,477 

Carson NFH Columbia River Sp. CK USFWS 100,000 $89,281 $63,000 $152,281 

Wells Hatchery Columbia River Sum. CK WDFW/DPUD 500,000 $175,000 - $175,000 

East Bank and Marion Drain Hatcheries Columbia River Sum. CK Yakama Nation 500,000 $148,212 - $148,212 

Dworshak NFH Columbia River Sp. CK Nez Perce Tribe 500,000 $140,775 - $140,775 

SAFE Columbia River Sp. CK ODFW 1,500,000 $876,956 - $876,956 

Bonneville Hatchery Columbia River F. CK (tule) ODFW 250,000 $150,854 - $150,854 

Umatilla and Bonneville Hatcheries Columbia River F. CK (URB) ODFW 100,000 $30,318 - $30,318 

TOTAL    11,280,000 $3,366,093 $2,035,254 $5,440,333 
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Table 6.  Summary of 2020, 2021, and 2022 hatchery-origin Chinook salmon releases 

Funding Source 

Release Years 

2020 2021 2022 

PST FY20 597,242 6,105,139 3,388,045 

PST FY21 - 167,010 4,653,464 

Washington State Legislature ('19-'21) 10,850,280 7,667,982 - 

Washington State Legislature ('21-'23) - - 11,344,323 

TOTAL 11,447,522 13,940,131 19,385,832 
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Attachment 2, Third Purcell Declaration.

PST Funded SRKW hatchery production for FY2020 - FY2022 and NMFS’ corresponding
ESA and NEPA evaluations.
Program Species Operator ESA Coverage NEPA Coverage

Columbia River Basin

Little White
Salmon NFH Spring

Chinook

USFWS

Biological Opinion: USFWS
Artificial Propagation
Programs in the Lower
Columbia and Middle

Columbia River (Attachment
2a)

Environmental Impact
Statement: Mitchell Act.

Available at:
https://www.fisheries.noa
a.gov/resource/document
/final-environmental-imp
act-statement-inform-col
umbia-river-basin-hatche

ry

Carson NFH

Spring Creek
NFH

Fall
Chinook

(tule)

Little White
Salmon NFH

Fall
Chinook
(brights)

Dworshak NFH

Spring
Chinook

Nez Perce/USFWS

Biological Opinion: Five
Clearwater River Basin

Spring/Summer Chinook
Salmon and Coho Salmon

Hatchery
Programs (Attachment 2b)

Wells

Summer
Chinook

Douglas PUD

Biological Opinion: Yakima
River Spring Chinook Salmon,
Summer/Fall Chinook Salmon,

and Coho Salmon
Hatchery Programs

(Attachment 2c)

East Bank

Yakima Nation

Biological Opinion: Yakima
River Spring Chinook Salmon,
Summer/Fall Chinook Salmon,

and Coho Salmon
Hatchery Programs.

(Attachment 2c)
Marion Drain

Umatilla

Fall
Chinook
(URB)

Confederated Tribes
of the Umatilla

Indian
Reservation/ODFW

Biological Opinion: Umatilla
River Spring Chinook Salmon,

Fall Chinook Salmon, and
Coho Salmon Hatchery

Programs (Attachment 2d)

Bonneville

Fall
Chinook

(tule)

ODFW

Biological Opinion: Mitchell
Act Final

Environmental Impact
Statement preferred alternative
and administration of Mitchell

Act
hatchery funding (Attachment

2e)

SAFE
Spring

Chinook ODFW
Biological Opinion: Select

Area Fisheries Enhancement
(SAFE) Spring Chinook
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Salmon and Coho Salmon
Programs (Attachment 2f)

Puget Sound Region

Issaquah
Fall

Chinook WDFW

Biological Opinion: Five
Hatchery Programs for Salmon

in the Lake Washington
Drainage (Attachment 2g)

Biological Opinion: Hatchery
Releases in Puget Sound

(Attachment 2j)

Environmental
Assessment: Lake
Washington Basin

Hatcheries  Available at:
https://media.fisheries.no
aa.gov/2022-07/FINAL_
Lake_Washington_EA_F
ONSI_BAT-2.15.2022_0

7262022.pdf

Soos
Creek-Palmer
Pond

Fall
Chinook WDFW

Biological Opinion: Ten
Hatchery Programs for Salmon

and Steelhead in the
Duwamish/Green River Basin

(Attachment 2h)

Biological Opinion: Hatchery
Releases in Puget Sound

(Attachment 2j)

Environmental Impact
Statement:

Duwamish-Green
Hatcheries Available at:

https://www.fisheries.noa
a.gov/resource/document
/final-environmental-imp
act-statement-eis-duwam

ish-green-hatcheries

Tulalip Bernie
Gobin

Summer
Chinook Tulalip Tribe

Biological Opinion: Seven
Hatchery and Genetic

Management
Plans for Snohomish River

basin Salmon (Attachment 2i)

Biological Opinion: Hatchery
Releases in Puget Sound

(Attachment 2j)

Supplemental
Environmental

Assessment: Snohomish
Hatcheries  Available at:
https://media.fisheries.no
aa.gov/2022-09/Snohomi
shHatcheries_SupplEA_
FONSI_20210506.pdf

University of
Washington

Fall
Chinook

Muckleshoot Indian
Tribe

Biological Opinion: Five
Hatchery Programs for Salmon

in the Lake Washington
Drainage (Attachment 2g)

Biological Opinion: Hatchery
Releases in Puget Sound

(Attachment 2j)

Environmental
Assessment: Lake
Washington Basin

Hatcheries  Available at:
https://media.fisheries.no
aa.gov/2022-07/FINAL_
Lake_Washington_EA_F
ONSI_BAT-2.15.2022_0

7262022.pdf
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National Marine Fisheries Service 
Endangered Species Act (ESA) Section 7 Consultation 

Biological Opinion and Magnuson-Stevens Act 
Essential Fish Habitat Consultation 

 
USFWS Artificial Propagation Programs in the 
 Lower Columbia and Middle Columbia River 
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National Marine Fisheries Service 
Endangered Species Act (ESA) Section 7 Consultation Biological Opinion 

 and Magnuson-Stevens Act Essential Fish Habitat Consultation

USFWS Artificial Propagation Programs in the Lower Columbia and Middle 
Columbia River

Action Agency: U.S. Fish and Wildlife Service (USFWS) 
   Washington Department of Fish and Wildlife (WDFW)(operator) 

Evolutionarily Significant Units (ESUs)/Distinct Population Segments (DPSs) 
Affected: 

Species ESU/DPS Status Federal Register Notice 
Chinook Salmon 
(Oncorhynchus 
tshawytscha)

Lower Columbia River 
Upper Willamette River 

Threatened 
Threatened 

70 FR 37160 
70 FR 37160 

6/28/2005 
6/28/2005 

Chum Salmon (O. keta) Columbia River Threatened 70 FR 37160 6/28/2005 
Steelhead (O. mykiss) Lower Columbia River 

Middle Columbia River 
Threatened 
Threatened 

71 FR 834  
71 FR 834 

1/5/2006 
1/5/2006 

Coho Salmon (O. kisutch) Lower Columbia River Threatened 70 FR 37160 6/28/2005 
Critical Habitat 
Designation 

LCR Chinook Salmon, CR 
Chum Salmon, LCR 
Steelhead, MCR Steelhead 

70 FR 52630 9/2/2005 

Essential Fish Habitat Affected: Chinook Salmon and Coho Salmon 
Activities Considered: Issuance of Incidental Take Statements (ITS) to 

USFWS 
Consultation Conducted by: Salmon Recovery Division, Northwest Region 

National Marine Fisheries Service  
Consultation Number: 2004/02625 

This Section 7 Biological Opinion (Opinion) constitutes the National Marine Fisheries 
Service’s (NMFS) consultation with the USFWS regarding their implementation of nine 
artificial propagation programs rearing and releasing unlisted spring Chinook salmon, fall 
Chinook salmon, and steelhead, and listed fall Chinook salmon, and coho salmon.  These 
programs are designed and operated to mitigate for impacts to treaty and non-treaty 
harvest resulting from development activities in the Columbia Basin.  In the course of 
providing this mitigation, these programs may adversely affect listed salmon and 
steelhead, and designated critical habitat (see table above).  This Opinion has been 
prepared in accordance with section 7 of the Endangered Species Act (ESA) of 1973 as 
amended (16 U.S.C. 1531 et seq.) and in compliance with the Data Quality Act (§515 of 
PL 106-554).  It is based on information provided in a Biological Assessment and nine 
Hatchery and Genetic Management Plans (HGMPs) submitted to NMFS by the USFWS, 
on published and unpublished scientific information on listed salmon and steelhead in the 
action area, and on other sources representing the best available scientific information.  
The docket for this consultation is on file with the Salmon Recovery Division, Portland, 
Oregon.

Attachments
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Executive Summary

The NMFS has completed its analysis of nine USFWS artificial propagation programs, 
concluding consultation under section 7 of the Endangered Species Act (ESA).  The USFWS is 
the primary operating agency, and the Washington Department of Fish and Wildlife is an 
operating agency for one of the programs. 

The USFWS submitted nine Hatchery and Genetic Management Plans (HGMPs) to NMFS, one 
for each of the nine artificial propagation programs.  The NMFS has determined that operation of 
the programs, as described in the HGMPs and in the Incidental Take Statement in this document, 
will not jeopardize salmon and steelhead listed under the ESA. 

The nine programs, all in the central Columbia River basin, are: 
Little White Salmon/Willard NFH Complex Coho Salmon 
Little White Salmon/Willard NFH Complex Spring Chinook Salmon 
Little White Salmon/Willard NFH Complex Upriver Bright Fall Chinook Salmon 
Carson NFH Spring Chinook Salmon  
Spring Creek NFH Tule Fall Chinook Salmon 
Eagle Creek NFH Coho 
Eagle Creek NFH Winter Steelhead 
Warm Springs NFH Warm Springs River Spring Chinook Salmon 
Walla Walla River Summer Steelhead – Lyons Ferry Stock 

Nearly 90 percent of the Chinook salmon and steelhead habitat originally available in the 
Columbia Basin has been lost or degraded (Brannon et al. 2002).  These hatchery programs are 
mitigation for development projects that impact salmon and steelhead productivity.  For 
example, the Little White Salmon/Willard NFH Complex programs are Federal mitigation for 
John Day Dam which limits the viability and productivity of Upriver Bright fall Chinook 
salmon.  Hatchery programs cannot restore habitat productivity, but they are expected to 
compensate for impacts on cultural and economic values.  For example, U.S. – Canada Treaty, 
U.S. coastal, Columbia River Indian Treaty, and non-treaty recreational and commercial fisheries 
under U.S. v. Oregon jurisdiction are all supported by production from the Spring Creek NFH.  
Hatchery programs provide mitigation for fishery impacts until degraded or lost productivity is 
restored.  From California to Canada, the vast majority of fisheries, including Indian Treaty 
fishing, now depend on hatchery-origin fish.  In many places, hatchery-origin fish are the only 
salmon or steelhead left to fish for, and there would be little or no Treaty-Indian or non-treaty 
fishing for salmon and steelhead without them.  This function constitutes a high positive value 
and benefit.

A summary assessment of the nine USFWS hatchery programs is provided in Table 2.  Two 
programs produce hatchery fish that are considered to be part of their Evolutionarily Significant 
Units (ESU):  Spring Creek NFH tule fall Chinook salmon, and Eagle Creek NFH coho salmon.  
These are exempt from take prohibitions because the Eagle Creek NFH coho salmon and the 
Spring Creek NFH tule fall Chinook salmon are surplus to recovery needs, and all are adipose 
fin-clipped, (2005 was the first year for Spring Creek NFH mass marking).  The weir at the 
Warm Springs NFH program, even though it can delay adult migration of Middle Columbia 
River (MCR) listed steelhead, provides a conservation benefit by trapping and removing 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 1

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 30 of 1903

1-SER-57

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 57 of 300
(61 of 992)



hatchery steelhead that originate from outside the basin and prevents them from spawning with 
the natural-origin steelhead from the upper Warm Springs River. 

These programs provide a substantial proportion of the total salmonid hatchery releases into the 
Columbia River.  In 2007, these programs released over 20 million salmon and steelhead 
juveniles, or about 14 percent of all the hatchery releases into the Columbia River Basin. 

o 17.0 million Fall Chinook salmon 
o 2.8 million Spring Chinook salmon 
o 500,000 Coho 
o 150,000 Winter Steelhead 
o 192,000 Summer Steelhead 

All of the hatchery fish released from these programs are externally marked with an adipose fin-
clip.

This consultation is based on the best available information and has incorporated data from a 
number of ongoing processes.  These processes include the FCRPS remand collaboration, ESA 
recovery planning, the Mitchell Act Environmental Impact Statement development, the 
Columbia River Hatchery Science Review Group (HSRG) evaluation, and the internal USFWS 
Hatchery Review Team (HRT) review.  With regards to the latter, the Warm Springs NFH spring 
Chinook salmon program and the two Eagle Creek NFH programs have just recently been 
reviewed under USFWS’ HRT process and this consultation has considered that information. 

In December 2004, the Governor of Washington submitted a Recovery Plan for ESA listed 
Washington Lower Columbia River populations of Chinook salmon, chum salmon, and 
steelhead.  On February 3, 2006, NMFS adopted this plan under the ESA, and NMFS finds that 
the hatchery programs included in this consultation are consistent with the adopted recovery 
plan.

To analyze these programs, NMFS considered 11 risks to natural-origin populations from 
artificial propagation programs: 

o Hatchery Operations (e.g., weirs, traps, intake screens) 
o Broodstock Collection 
o Genetic Introgression 
o Disease
o Competition/Density-Dependent Effects 
o Predation
o Residualism
o Fisheries
o Masking
o Nutrient Cycling 
o Monitoring and Evaluation 

All nine of the programs are designed and operated to provide mitigation for impacts on fisheries 
(Table 2).  Much of the hatchery production is mitigation for permanently lost natural production 
(e.g., habitat lost to dam blockage and inundation).  In the course of providing mitigation, these 
actions may result in the incidental take of listed salmon and steelhead and the applicants have 
proposed protective measures that will minimize the extent of this take.   

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 2
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After the analysis, NMFS concluded that the proposed artificial propagation programs will not 
jeopardize the continued existence of these listed species or result in the destruction or adverse 
modification of their critical habitat.  This conclusion is based on the following factors:

o Hatchery facility operation at the program hatcheries would have only very minor effects 
on listed species;

o Broodstock collection activities would not handle naturally produced listed fish except 
for a very small number that would be immediately released;  

o Handling that would occur at the Warm Springs NFH is beneficial because steelhead that 
do not belong in the upper Warm Springs River can be removed while Warm Springs 
River steelhead are released unharmed to spawn naturally;  

o Disease protocols at the facilities are in place to minimize disease occurrences at the 
hatcheries such that levels tend to be below levels found in naturally produced 
populations;

o Ecological interactions between listed species and hatchery produced juveniles would be 
limited through release strategies (e.g., release size, release location, release timing, 
volitional release); and 

o Effects of the operation of the proposed artificial propagation programs on critical habitat 
and its primary constituent elements are limited by facility design and operational 
policies that effectively minimize any effect on critical habitat.

Given the broad variations in environmental conditions and the responses of fish to those 
conditions, a key component of the proposed action involves extensive research, monitoring, and 
evaluation, and mechanisms for adapting the propagation programs to new information.  Where 
potentially adverse interactions with listed species may occur, the USFWS has proposed 
monitoring and evaluation activities to determine the level of these interactions, and to 
implement practices that would adequately minimize these effects.  NMFS and USFWS will 
assess this information on an annual basis and determine whether reinitiation of consultation is 
warranted.

The Incidental Take Statement issued to the USFWS for these programs includes reasonable and 
prudent measures that minimize and reduce the anticipated level of take of listed salmon and 
steelhead associated with the proposed artificial propagation programs.  These measures are 
designed to help USFWS manage their programs to isolate hatchery-origin fish; follow the 
criteria and guidelines specified in the HGMPs; continue to monitor and evaluate the programs; 
provide reports to NMFS; and follow requirements and provisions that are in the Incidental Take 
Statement.  The Incidental Take Statement lists the specific terms and conditions that are 
necessary to implement these measures.  

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 3
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Executive Summary Table 1.  HGMPs, watersheds where fish are released, and potentially 
affected ESUs/DPSs.

Hatchery and Genetics 
Management Plan

Program 
Operator

Funding Agency Program 
Location

Potentially Affected 
ESUs/DPSs

Little White 
Salmon/Willard NFH 
Complex Coho Salmon 

USFWS NMFS – Mitchell Act 
and BPA 

Little White 
Salmon River 

CR Chum Salmon, LCR 
Chinook Salmon, LCR 

Steelhead, MCR Steelhead, 
LCR Coho Salmon 

Little White 
Salmon/Willard NFH 
Complex Spring 
Chinook Salmon  

USFWS NMFS – Mitchell Act 
and BPA 

Little White 
Salmon River 

CR Chum Salmon, LCR 
Chinook Salmon, LCR 

Steelhead, MCR Steelhead, 
LCR Coho Salmon 

Little White 
Salmon/Willard NFH 
Complex Upriver 
Bright Fall Chinook 
Salmon  

USFWS U.S. Army Corps of 
Engineers – John Day 

Dam Mitigation 

Little White 
Salmon River 

CR chum Salmon, LCR 
Chinook Salmon, LCR 

Steelhead, MCR Steelhead, 
LCR Coho Salmon 

Carson NFH Spring 
Chinook Salmon  

USFWS NMFS – Mitchell Act Wind River CR Chum Salmon, LCR 
Chinook Salmon, LCR 
Steelhead, LCR Coho 

Salmon 

Spring Creek NFH Tule 
Fall Chinook Salmon  

USFWS NMFS – Mitchell Act, 
U.S. Army Corps of 

Engineers 

Mainstem 
Columbia River 

(Bonneville 
Pool)

CR Chum Salmon, LCR 
Chinook Salmon, LCR 

Steelhead, MCR Steelhead, 
LCR coho 

Eagle Creek NFH Coho 
Salmon 

USFWS NMFS – Mitchell Act 
and BPA 

Eagle Creek,   
Clackamas River 

CR Chum Salmon, LCR 
Chinook Salmon, LCR 
steelhead, UWR spring 

Chinook salmon, LCR coho 

Eagle Creek NFH 
Winter Steelhead 

USFWS NMFS – Mitchell Act Eagle Creek, 
Clackamas River 

CR Chum Salmon, LCR 
Chinook Salmon, LCR 
Steelhead, UWR Spring 
Chinook Salmon, LCR 

Coho Salmon 

Warm Springs NFH 
Warm Springs River 
Spring Chinook Salmon  

USFWS USFWS Warm Springs 
River, Deschutes 

River 

MCR Steelhead 

Walla Walla River 
Summer Steelhead – 
Lyons Ferry Hatchery 
Stock 

WDFW/ 
USFWS 

USFWS – Lower Snake 
River Compensation 

Plan

Touchet River, 
Walla Walla 

River 

MCR Steelhead 
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Executive Summary Figure 1.  Location of artificial propagation facilities producing fish for the 
nine USFWS programs.   
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Executive Summary Table 2. Assessment of nine USFWS hatchery programs. 

Value Factors for Assessing Hatchery Value 

Hatchery program 
or action 

To reducing 
short-term 
risk of 
extinction 
by 
conserving
ESU or 
steelhead
DPS genetic 
resources 1

To reducing 
extinction 
risk in the 

foreseeable 
future by 
increasing

NOF  
viability 2

To Fisheries 

Local
natural 

population 
or spawning 

aggregate 
importance 

to recovery 3

Local natural 
population or 

spawning 
aggregate risk 

level 4

Rating 
hatchery  

practices 5

LWS NFH Coho None None High Moderate High for Strata Low 
LWS NFH URB 
Fall Chinook 
Salmon 

None None High Moderate High for Strata Low 

LWS NFH Spring 
Chinook Salmon None None High Moderate Not Present High

Carson NFH 
Spring Chinook 
Salmon 

None None High None Not present High

Spring Creek NFH 
Tule Fall Chinook 
Salmon 

High Low High High High for Strata Low 

Eagle Creek NFH 
Coho Salmon Low None High High Moderate Moderate 

Eagle Creek NFH 
Winter Steelhead None None Moderate High Moderate High

Warm Springs 
NFH Warm 
Springs River 
Spring Chinook 
Salmon 

Moderate Moderate Moderate Not Listed 
Moderate for 

Westside 
Deschutes

High

Walla Walla River 
Summer Steelhead 
– Lyons Ferry 
Hatchery Stock 

None None High Moderate 

Moderate for 
Walla Walla 

population, High 
for Touchet River 

Moderate 

1 Hatchery-origin fish (HOF) that are included in an ESU or steelhead DPS increase in abundance (i.e., an increase 
in ESU or steelhead DPS genetic resources). Short-term extinction risk to an ESU or steelhead DPS is reduced.   
2 Natural-origin fish (NOF) viability increases (i.e., the ability for a natural population to be self-sustaining 
increases) because hatchery effects that depress viability are reduced, or because hatchery practices in combination 
with reductions in limiting factors lead to a net increase in NOF abundance, spatial distribution and diversity.  
Extinction risk for an ESU or steelhead DPS in the foreseeable future is reduced.   
3 From ESA Recovery Plans and Technical Recovery Team work. 
4 From Interior Columbia Technical Recovery Team, and Willamette/Lower Columbia River Technical Recovery 
Team findings.  Applies to all natural populations or spawning aggregates affected by the hatchery program (Spring 
Chinook salmon not present in Wind or Upper Gorge). 
5 This rating is relative to guidelines for operating supplementation programs, integrated harvest programs or 
isolated harvest programs taking into account site specific considerations (NMFS 2006f). 
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1.0 INTRODUCTION

1.1 Background and Consultation History 

This Biological Opinion (Opinion) considers the potential effects of the implementation 
by the U.S. Fish and Wildlife Service (USFWS) of nine artificial propagation programs 
on listed salmon evolutionarily significant units (ESUs) and steelhead distinct population 
segments (DPSs)1 in the Columbia River basin, and designated critical habitat. 

On October 8, 2002, the USFWS sent NOAA’s National Marine Fisheries Service 
(NMFS) a biological assessment of its proposed action; the operation and effects details 
of the programs are described in nine Hatchery and Genetic Management Plans (HGMPs) 
(USFWS 2002b, and updated versions USFWS 2004a-h) cited in the assessment.  In their 
assessment, the USFWS determines that the operation of the programs would not 
jeopardize the continued existence of the listed ESUs and those proposed for listing 
(Lower Columbia River coho salmon were proposed for listing at the time of the 
submittal).  

These HGMPs describe programs – all currently on-going – operated by the USFWS at 
National Fish Hatcheries (NFH) in the Columbia River basin and also include programs 
funded by the USFWS through the Lower Snake River Compensation Plan (LSRCP), 
which are operated by the Washington Department of Fish and Wildlife (WDFW)(Table 
1).  Some of the production at the NFHs is funded by other Federal agencies including 
NMFS (under the Mitchell Act), the U.S. Army Corp of Engineers (COE) and the U.S. 
Department of Energy’s Bonneville Power Administration (BPA) (Table 1).  Table 2 lists 
the basins where the programs are located (areas where fish are released and broodstock 
collected) and the ESUs and DPSs that may be affected by the proposed hatchery 
programs.  Figure 1 shows the location of the programs within the Columbia River Basin. 
The USFWS had previously submitted the Touchet River summer steelhead HGMP 
(USFWS 2002a), which included activities requiring the directed take of listed Middle 
Columbia River steelhead as part of an endemic broodstock program, that program will 
be addressed in a separate opinion.  The release of Lyons Ferry Hatchery summer 
steelhead into the Touchet River is addressed in this Opinion. 

The listing status of the ESUs that are affected by the proposed artificial propagation 
programs are presented in Table 3.  In 2002-2003, NMFS conducted a status review of all 
26 listed ESUs and 1 candidate ESU of West Coast salmon and steelhead (WCSBRT 
2003).  As a result of the status review, NMFS issued proposed listing determinations for 
all 27 ESUs in June 2004 (69 FR 33102).  In the listing determinations, the candidate 
species – Lower Columbia River coho salmon – was proposed for listing as threatened 
under the ESA.  Final determinations were made on June 28, 2005 for those ESUs listed 
in Table 3 (70 FR 37160).  The MCR and LCR Steelhead DPSs were re-listed as 
threatened on January 5, 2006 (71 FR 834).  NMFS determined that Lower Columbia 
River coho salmon warranted listing as threaten under the ESA (70 FR 37160).  As part 

1 An ‘evolutionarily significant unit’ (ESU) of Pacific salmon (Waples 1991) and a ‘distinct population 
segment’ (DPS) of steelhead (71 FR 834, January 5, 2006) are considered to be  'species,' as defined in 
Section 3 of the ESA. 
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of the final determinations (70 FR 37160), NMFS included the Eagle Creek NFH coho 
salmon program as part of the LCR Coho Salmon ESU and Spring Creek NFH tule fall 
Chinook salmon as part of the LCR Chinook Salmon ESU.  In the listing notice (70 FR 
37160), 4(d) protections were listed stating that take prohibitions did not apply to listed 
hatchery salmon that were externally marked with an adipose fin-clip.  Furthermore, 4(d) 
protections did not apply to listed hatchery fish with intact adipose fins (un-clipped fish) 
that are surplus to the recovery needs of the ESU/DPS and that are otherwise 
distinguishable from natural-origin fish in the ESU/DPS (e.g. by run timing, location, or 
other marking methods).  In this Opinion, impacts of the proposed action on all 
components of the listed ESU/DPSs will be analyzed.  

Table 1. HGMPs submitted by USFWS, program operator and funding agency.

Hatchery and Genetics Management Plan Program 
Operator

Funding Agency

Little White Salmon/Willard NFH Complex 
Coho Salmon 

USFWS NMFS – Mitchell Act and 
BPA

Little White Salmon/Willard NFH Complex 
Spring Chinook Salmon  

USFWS NMFS – Mitchell Act and 
BPA

Little White Salmon/Willard NFH Complex 
Upriver Bright Fall Chinook  Salmon 

USFWS U.S. Army Corps of 
Engineers – John Day Dam 
Mitigation 

Carson NFH Spring Chinook  Salmon  USFWS NMFS – Mitchell Act 

Spring Creek NFH Tule Fall Chinook  Salmon  USFWS NMFS – Mitchell Act, U.S. 
Army Corps of Engineers 

Eagle Creek NFH Coho Salmon USFWS NMFS – Mitchell Act and 
BPA

Eagle Creek NFH Winter Steelhead USFWS NMFS – Mitchell Act 

Warm Springs NFH Warm Springs River Spring 
Chinook  Salmon  

USFWS USFWS 

Walla Walla River Summer Steelhead - Lyons 
Ferry Hatchery Stock  

WDFW/ 
USFWS 

USFWS – Lower Snake River 
Compensation Plan 

1.2 Analysis Framework 

NMFS has developed the following approach for applying the ESA section 7(a)(2) 
standards as defined by 50 CFR §402.02 when determining what effect a proposed action 
is likely to have on a given listed species.  This analysis approach will be applied in this 
Biological Opinion: 

1.  Describe the proposed action (Section 2). 

2.  Define the biological requirements and current status of each listed species and the 
relevance of the environmental baseline to the species current status in the action area 
(Section 3). 
Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 13

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 42 of 1903

1-SER-69

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 69 of 300
(73 of 992)



3.  Determine the effects of the proposed action on listed species and their habitats and 
evaluate any cumulative effects within the action area (Section 4). 

4.  Evaluate whether the effects of the proposed action, taken in the context of the status 
of the species under the environmental baseline and with any cumulative effects, can be 
expected, directly or indirectly, to reduce appreciably the likelihood of survival and 
recovery of the listed species in the wild by reducing the reproduction, numbers, or 
distribution of that species (Section 4.4), and adverse modification of critical habitat. 

5.  In fulfilling the requirements of section 7(a)(2), NMFS shall use the best scientific and 
commercial data available including Technical Recovery Team and recovery planning 
information. 

Table 2. HGMPs, watersheds where fish are released and potentially affected 
ESUs/DPSs.

Hatchery and Genetics Management Plan Program Location Potentially Affected ESUs/DPSs 

Little White Salmon/Willard NFH Complex 
Coho Salmon 

Little White Salmon 
River  

CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, MCR 
Steelhead, LCR Coho Salmon 

Little White Salmon/Willard NFH Complex 
Spring Chinook Salmon  

Little White Salmon 
River 

CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, MCR 
Steelhead, LCR Coho Salmon 

Little White Salmon/Willard NFH Complex 
Upriver Bright Fall Chinook Salmon  

Little White Salmon 
River 

CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, MCR 
Steelhead, LCR Coho Salmon 

Carson NFH Spring Chinook Salmon  Wind River CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, LCR 
Coho Salmon 

Spring Creek NFH Tule Fall Chinook 
Salmon  

Mainstem Columbia 
River 

CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, MCR 
Steelhead, LCR Coho Salmon 

Eagle Creek NFH Coho Salmon Eagle Creek, 
Clackamas River 

CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, MCR 
Steelhead, UWR Spring Chinook 
Salmon, LCR Coho Salmon,  

Eagle Creek NFH Winter Steelhead Eagle Creek, 
Clackamas River 

CR Chum Salmon, LCR Chinook 
Salmon, LCR Steelhead, MCR 
Steelhead, UWR Spring Chinook 
Salmon, LCR Coho Salmon, 

Warm Springs NFH Warm Springs River 
Spring Chinook Salmon  

Warm Springs River, 
Deschutes River 

MCR Steelhead 

Walla Walla River Summer Steelhead – 
Lyons Ferry Hatchery Stock 

Touchet River, Walla 
Walla River 

MCR Steelhead 
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2.0 PROPOSED ACTION AND ACTION AREA

2.1 Description of the Programs 

NMFS describes a hatchery program as a group of fish propagated separately to serve a 
distinct purpose.  The USFWS programs described below propose to release salmon and 
steelhead juveniles primarily to mitigate for impacts on tribal, and non-tribal recreational 
and commercial fisheries resulting from construction and operation of mainstem dams on 
the Columbia and Snake Rivers.  In accomplishing this purpose, they follow practices to 
isolate hatchery-origin fish and adequately reduce or avoid interactions with natural-
origin fish.  They operate consistent with recovery objectives under development in 
recovery plans for the listed species (LCFRB 2004; NMFS 2005d; NMFS 2006a; NMFS 
2006e).  Production from these programs is released into tributaries to the mainstem 
Columbia River from the Walla Walla River, near Walla Walla, Washington to Eagle 
Creek, near Portland, Oregon (Table 2, and Figure 1).  Transfer and transplant programs 
(e.g., Table 4, Table 8) will be considered in separate consultations.  In 2006, the 
programs considered here are expected to release over 20.67 million juvenile salmon and 
steelhead (2.8 million spring Chinook salmon, 17.0 million fall Chinook salmon, 500,000 
coho salmon, and 340,000 winter and summer steelhead).  

The individual programs listed in Table 1 will be described in the following section.
Descriptions will be by facility (see Table 1 and Figure 1) and program and will include a 
profile of the facility, the funding agency (agencies), purpose for the program, program 
history, production goals, broodstock collection activities, juvenile release strategies, 
marking protocols, and research, monitoring and evaluation activities.  

2.1.1 Little White Salmon/Willard National Fish Hatchery Complex 

The Little White Salmon (LWS) NFH is located on the Little White Salmon River at 
approximately Rkm 1.6 in Washington.  The Willard NFH is located on the Little White 
Salmon River at Rkm 9.7.  These two hatcheries are operated as the Little White 
Salmon/Willard NFH Complex.  The LWS NFH Complex is currently funded through 
the Mitchell Act (NMFS 2000a) and by other federal agencies as described below.
Production programs are guided by U.S. v. Oregon production objectives.  The funding of 
hatchery production at this facility and others in the Columbia River basin was authorized 
by the Mitchell Act (16 USC 755-757; 52 Stat.345) May 11, 1938, and amended on 
August 8, 1946 (60 Stat. 932) for conservation of fishery resources in the Columbia River 
Basin.

The LWS NFH Complex rears and releases early-run coho salmon, spring Chinook 
salmon and upriver bright fall Chinook salmon on-station (these are covered in this 
opinion), as well as provides coho salmon for reintroduction programs in the Yakima 
River and Wenatchee River basins (fish from these programs are being considered in 
other opinions) (Table 4).  Locally adapted spring Chinook salmon from the Umatilla 
River are also reared at the LWS NFH Complex and then transferred back to the Umatilla 
River basin for final acclimation and release.  In addition, upriver bright fall Chinook 
salmon are reared at the LWS NFH Complex and released into the Yakima River.  These 
programs that transfer or transplant fish to other areas (Yakima, Wenatchee, and Umatilla 
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Rivers) are not considered in this Opinion, but will be addressed at a later date through 
evaluation of HGMPs for each program. 

The Little White Salmon NFH was originally constructed in 1898 and was remodeled and 
expanded in 1958.  The Willard NFH was authorized by the Mitchell Act in 1946 and 
constructed in 1952.  The water source for the Willard NFH is the Little White Salmon 
River.  An impassable falls immediately upstream from the Little White Salmon NFH site 
in the lower Little White Salmon River is a natural barrier that precludes anadromous fish 
passage into the upper basin.  The Little White Salmon NFH receives most of the water 
for the hatchery from the Little White Salmon River from a water intake structure rebuilt 
in 1994.  The intake structure was in compliance when measured against NMFS’ 
screening criteria for approach velocity and screen openings during an independent audit 
(Montgomery Watson 1997).  Impacts on listed species would not be expected because 
the intake  

Figure 1.  USFWS hatchery facility locations and key watersheds where program salmon 
and steelhead are released. 

structure is located above the hatchery barrier dam that was built in 1974.  A weir is 
located at the Little White Salmon Hatchery, approximately 1.2 Rkm below the 
impassable natural waterfall and was constructed to facilitate collection of adult hatchery 
broodstock.  Recent spawning surveys upstream of the barrier dam and below the falls 
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recorded naturally spawning fall Chinook salmon.  The majority and highest quality 
habitat has taken out of production.  Beginning in 1938, the reservoir behind Bonneville 
Dam (Bonneville Pool) inundated the Little White Salmon River up to the base of the 
barrier dam, and this is the primary factor that is limiting fall Chinook salmon production 
in the basin.  The inundation of the Little White Salmon River between the hatchery and 
the state highway and railroad grade forms Drano Lake.  Hatchery effluents for the LWS 
NFH Complex meet established National Pollutant Discharge Elimination System 
(NPDES) water release standards criteria. 

2.1.1.1 Little White Salmon/Willard NFH Complex Coho salmon 

The goal of the early-run coho salmon program was to successfully rear and release 1.0 
million locally adapted yearling coho salmon smolts on-station as part of the Mitchell 
Act.  This program mitigates for fish losses in the Columbia River Basin caused by 
mainstem hydro-power project construction and other development, and will contribute 
to tribal commercial, ceremonial and subsistence fisheries and non-tribal commercial and 
recreational fisheries.  The production of 1.0 million coho salmon for on-station release 
was terminated in 2004 due to lack of Mitchell Act funding.  Broodstock for the on-
station release of coho salmon was not collected in 2004.  This part of the program may 
be reinitiated in the future if funding becomes available, however the effects of this 
program will be analyzed in this opinion.  The Yakima River coho salmon portion of this 
program has been moved to the Eagle Creek NFH (see below). 

Table 3. Species and status of Evolutionarily Significant Units/Distinct Population 
Segments affected by proposed artificial propagation programs.

Species Evolutionarily Significant 
Unit/Distinct Population Segment 

Status Federal Register Notice 

Chinook Salmon 
(Oncorhynchus 
tshawytscha)

Lower Columbia River ESU 
Upper Willamette Spring Chinook 
Salmon ESU 

Threatened 
Threatened 

70 FR 37160 
70 FR 37160 

6/28/2005 
6/28/2005 

Chum  Salmon  
(O. keta)

Columbia River ESU Threatened 70 FR 37160 6/28/2005 

Steelhead
(O. mykiss)

Lower Columbia River DPS 
Middle Columbia River DPS 

Threatened 
Threatened 

71 FR 834 
71 FR 834  

1/5/2006 
1/5/2006 

Coho Salmon  
(O. kisutch)

Lower Columbia River ESU Threatened 70 FR 37160 6/28/2005 

Wenatchee River Program:  Wenatchee River coho salmon were extirpated (WCBRT 
2003).  The purpose of this cooperative program (operated by Yakama Nation biologists 
and funded by Mitchell Act and BPA) is to help re-establish self-sustaining coho salmon 
in the Wenatchee River system.  A total of 200,000 juvenile coho salmon derived from a 
fish reintroduced into the Wenatchee River, along with 300,000 Little White Salmon 
stock (500,000 total), are reared at the Willard NFH.  As coho salmon production from 
the Wenatchee increases, only Wenatchee coho salmon will be used as hatchery 
broodstock for this program  As juveniles, these fish are transferred to the Wenatchee 
River watershed for release.  This program, which started with brood year 2001 fish, is 
not evaluated in this opinion.  The effects of the collection of adults and the release of 
juvenile coho salmon on listed steelhead will be considered in a separate HGMP and 
biological opinion. 
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Table 4. Little White Salmon/Willard NFH Complex Hatchery Production.

Program Number Released Location

Early-run Coho 1,000,000 On-station releases 
terminated in 2004. 

Yakima River Coho salmon 500,000 Yakima River Basin has been 
moved to Eagle Creek NFH 

Wenatchee River Coho 500,000 Wenatchee River Basin 

Spring Chinook salmon 1,000,000 On-Station

Umatilla River Spring 
Chinook salmon 

210,000 Umatilla River Acclimation 
Ponds

Ringold Springs Fry Spring 
Chinook salmon 

500,000 Ringold Springs Ponds 

Upriver Bright Fall Chinook 
Salmon 

2,000,000 On-station (subyearlings)

Yakima River Upriver Bright 
Fall Chinook Salmon 

1,700,000 Yakima River Basin 
(subyearlings) 

To meet the production goal for all the coho salmon programs that were supported by the 
LWS NFH Complex, 2,500 adult coho salmon were needed for broodstock.  The hatchery 
goal was to return at a minimum 2,500 adults for broodstock, however, prior to 
termination of the program, eggs have been imported from a number of lower Columbia 
River hatcheries to meet egg-take needs.  The eggs came from hatcheries rearing early-
run coho salmon and eggs were selected primarily based on availability.  These facilities 
may be used in the future, if the program is reinitiated.  Listed salmon and steelhead may 
be handled during broodstock collection activities if they volunteer up the fish ladder into 
the hatchery.  No naturally produced coho salmon were used in the broodstock because 
naturally produced coho salmon native to the Little White Salmon River were extirpated 
due to Bonneville Pool inundating the lower Little White Salmon River.  Historically, the 
Little White Salmon River supported f late-run coho salmon.  Adult coho salmon 
returning to the Yakima River and to the Wenatchee River will be used when available as 
broodstock to integrate each program with growing natural populations and develop 
stocks that are adapted to the separate basins. 

Coho salmon spawning and rearing followed IHOT (1995) and the published policy 713 
FW in the Fish and Wildlife Service Manual (USFWS 1995, USFWS 2004j).  Fish health 
care is provided by the Lower Columbia River Fish Health Center (LCRFC) in 
Underwood, Washington.  Yearling coho salmon smolts were released from the Willard 
NFH into the Little White Salmon River generally from April 12 to April 22 each year to 
coincide with anticipated high flows in the Columbia River.  All coho salmon released on 
station were marked with an adipose fin-clip and 10 percent were marked with a coded 
wire tag (CWT).  No research activities are proposed for coho salmon at this facility. 
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2.1.1.2 Little White Salmon/Willard NFH Complex Spring Chinook 
Salmon

The purpose of the spring Chinook salmon program is to mitigate for losses caused by 
mainstem hydro-power project construction and other developments.  Adult returns from 
this program help support important terminal area tribal ceremonial and subsistence 
fisheries, and non-tribal recreational fisheries, while providing adequate escapement for 
hatchery production.  Hatchery production also contributes to mainstem tribal and non-
tribal commercial, ceremonial and subsistence, and recreational fisheries.  Adult 
broodstock for this program are selected from adults returning to the hatchery.  The 
production goal is 1,000,000 spring Chinook salmon smolts. 

A total of 900 adults are needed to meet production goals for the on-station spring 
Chinook salmon program.  The program is an isolated hatchery program.  The hatchery 
broodstock is a derivative of the Carson spring Chinook salmon stock.  Since 1985 only 
hatchery returns to the LWS NFH have been used for broodstock (except in 1995 when 
adults returns from Carson stock released at the White Salmon Ponds, on the White 
Salmon River, were used).  The fish ladder at the LWS NFH Complex is opened in April 
and peak collection of adults occurs in May.  The ladder remains open through the end of 
spawning (August 1 to September 7) to collect a representative sample of the entire run.
Naturally produced spring Chinook salmon were never present in the Little White 
Salmon River, due to lack of adequate habitat.  Steelhead may enter the hatchery during 
broodstock collection activities, and numbers have ranged from 0 to 14 (average 4).  
Steelhead encountered during broodstock collection are returned to the river via a return 
tube that empties into the river below the barrier dam.  One unmarked and two marked 
steelhead were handled in 1998, no steelhead were handled in 1999.  

Spawning and rearing practices are designed to meet or exceed IHOT (1995) guidelines.  
Disease management is the same as described for coho salmon above, however, all 
female broodstock are tested for Renibacterium salmoninarum (BKD).  The test allows 
for disposal or segregation of eggs that test higher than the set limit for BKD antigens.  
Spring Chinook salmon smolts are released from the hatchery in mid-April each year.  
The screens are removed one to two days before the release day to allow some fish to 
migrate volitionally.  On the day of release, all remaining fish are forced out of the 
raceways.  The spring Chinook salmon smolts are 100 percent adipose fin clipped with 
10 percent given a CWT.  In hatchery research activities will be conducted for the 2002, 
2003 and 2004 broods to evaluate the effects of baffles in the new rearing ponds and an 
additional 75,000 spring Chinook salmon will be given a CWT. 

The LWS NFH Complex also rears Umatilla spring Chinook salmon for release back into 
the Umatilla River.  The purpose of this program is to rear and transfer locally adapted 
Umatilla River spring Chinook salmon to the Confederated Tribes of the Umatilla Indian 
Reservation (CTUIR) for release into the Umatilla River, Oregon.  This program is a 
cooperative effort, with the Oregon Department of Fish and Wildlife (ODFW) and the 
CTUIR, to support the development of a self sustaining, naturally spawning population of 
spring Chinook salmon in the Umatilla River.  This project is funded by the BPA.  Adult 
spring Chinook salmon are collected, held, and spawned at facilities in the Umatilla River 
and Walla Walla River basins where rearing facilities are not present, or limited so a total 
of 210,000 juveniles (down from 350,000) are transported to the LWS NFH Complex and 
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reared for one and one-half years and transferred back to acclimation ponds in the 
Umatilla River.  The effects of the collection of adults and the release of juvenile 
Chinook salmon on listed steelhead in the Umatilla River will be covered under a 
separate HGMP/Biological Opinion.  In addition, 500,000 fry from LWS spring Chinook 
salmon broodstock will be transferred to the WDFW Ringold Springs Hatchery as part of 
a CTUIR program to reintroduce spring  
Chinook salmon into the Walla Walla River (this program will be addressed in a separate 
consultation).

2.1.1.3 Little White Salmon/Willard NFH Complex Upriver Bright 
Fall Chinook Salmon 

The upriver bright (URB) fall Chinook salmon program at the LWS NFH Complex 
annually releases a total of 2.0 million sub-yearling smolts on-station to help mitigate for 
salmon fishing losses in the Columbia River Basin caused by mainstem hydro-power 
project construction and other developments.  The URB fall Chinook salmon program is 
part of the COE John Day Dam mitigation program and is partial mitigation for habitat 
loss resulting from flooding, siltation and fluctuating water levels caused by the 
construction and operation of the John Day Dam.  It also provides fish to reaffirm tribal 
treaty reserved fishing rights as mandated by U.S. v. Oregon.  Because URB fall Chinook 
salmon were reared unsuccessfully at Spring Creek NFH, the John Day Dam URB 
mitigation program was moved to the LWS NFH Complex in 1988.  This stock was 
initiated from “mid-Columbia Bright” broodstock developed in 1977 from adults trapped 
at Bonneville Dam fish ladder. 

Broodstock for the URB fall Chinook salmon program is collected from adults returning 
to the LWS NFH Complex.  An annual return of 1,860 adults returning to the LWS NFH 
Complex is needed to meet production goals.  URB fall Chinook salmon are collected 
concurrent with coho salmon broodstock collection.  The URB fall Chinook salmon first 
begin showing up in the ladder in mid-October.  The ladder is not open until the third 
week in September to limit the potential of tule fall Chinook salmon from the Spring 
Creek NFH entering the hatchery.  There are no natural populations of URB fall Chinook 
salmon in the Little White Salmon River.  The Little White Salmon tule population of fall 
Chinook salmon was extirpated when Bonneville Pool was filled.  In years when 
broodstock goals are not met, progeny of fish from other hatchery programs have been 
used to make up the shortfall.  In 1998, juvenile URB fall Chinook salmon were 
transferred to the LWS NFH Complex from Lyons Ferry State Fish Hatchery, Bonneville 
State Fish Hatchery, Klickitat State Fish Hatchery, Priest Rapids State Fish Hatchery, and 
the Umatilla State Fish Hatchery, when production was lost due to a mechanical failure.  
Note that Lyons Ferry State Fish Hatchery fall Chinook salmon are listed and can no 
longer be used for this purpose. 

Spawning and rearing practices are designed to meet or exceed IHOT (1995) guidelines.
Disease management is the same as described for coho salmon above.  The 2.0 million 
subyearling production is generally released on-station in mid-June at 90 fish/lb.  Fish are 
reared on spring water until May and then switched to river water to ensure imprinting to 
the hatchery.  Previously, approximately 10 percent of the URB fall Chinook salmon 
released were given a CWT and adipose fin clip.  Starting in January of 2005, all fall 
Chinook salmon at LWS NFH have been mass marked with an adipose fin-clip along 
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with a group of 200,000 with an adipose fin-clip and CWT.  The USFWS will also 
conduct research to evaluate ladder operations at the LWS NFH Complex and at Spring 
Creek NFH to determine effects on broodstock collection and straying. 

Yakima River Program:  URB fall Chinook salmon fry are also reared and transferred to 
tribal acclimation ponds on the Yakima River to assist the Yakama Nation in restoring 
self-sustaining populations of fall Chinook salmon in the Yakima River.  A total of 1.7 
million URB fall Chinook salmon are reared at the LWS NFH Complex and transferred 
by USFWS personnel to acclimation ponds on the Yakima River.  This project is a 
critical component of the USFWS’ obligation under the U.S. v. Oregon agreement to 
assist with the restoration of naturally self-sustaining salmon and steelhead on tribal lands 
in the Mid-Columbia River Basin.  Funding received from the COE is used to provide 
feed to the tribal fisheries program to assist with the off-site rearing of these fish 
following transfer and during the acclimation period.  The effects of the collection of 
adults and the release of juvenile Chinook salmon on listed steelhead in the Yakima River 
will be covered through a separate HGMP/Biological Opinion. 

2.1.2 Carson NFH Spring Chinook Salmon 

Carson NFH’s spring Chinook salmon program was initiated in 1955.  Carson NFH 
operates as part of the Columbia River Fisheries Development Program under U.S. v. 
Oregon and is funded through the Mitchell Act.  The purpose of the hatchery is to 
mitigate for losses to salmon fisheries caused by mainstem hydro-power project 
construction and operation, and other basin development.  The production goal is to rear 
and release 1,420,000 spring Chinook salmon smolts.  Adult returns from these releases 
contribute to important terminal area tribal ceremonial and subsistence fisheries and non-
tribal recreational fisheries while providing for adequate escapement for hatchery 
production.  Hatchery production also contributes to mainstem tribal and non-tribal 
commercial, ceremonial and subsistence, and recreational fisheries.  Hatchery operations 
strive to meet mitigation requirements of the Mitchell Act and the Columbia River Fish 
Management Plan (U.S. v. Oregon).

Carson NFH is located at Rkm 29 on the Wind River in Washington.  Spring Chinook 
salmon were not historically present in the Wind River due to a natural passage barrier at 
Shipherd Falls (Rkm 3.4).  Only summer steelhead and possibly winter steelhead could 
ascend Shipherd Falls before it was laddered with Mitchell Act funds in 1955.  The 
primary water source for the Carson NFH is Tyee Springs that was not accessible to 
anadromous fish.  In the past, during limited periods in the summer, water was drawn 
from the Wind River to adjust water temperatures for rearing and to supplement Tyee 
Springs withdrawals.  The intake screening for the Wind River withdrawal pipe currently 
does not meet NMFS screening criteria.  However, with the reduced production at Carson 
NFH, water withdrawal from the Wind River for hatchery operations is unlikely to occur.
It has been over 7 years since the last time water from the Wind River was used.  Until 
the Wind River water intake structure is upgraded, withdrawal of Wind River water for 
hatchery operations will not be used and other actions considered (D. Olsen, WDFW, 
personal communication, February 15, 2007).  Hatchery effluents meet established water 
quality standards and NPDES permit.  
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The hatchery goal is to collect between 1,000 and 1,400 spring Chinook salmon adults 
from through out the run (May through August) to produce the 1.42 million smolts.  
Returning spring Chinook salmon are collected from hatchery fish that home to Tyee 
Springs water and volitionally return to the hatchery using the hatchery’s fish ladder.
There is no barrier dam in the Wind River at the hatchery.  The hatchery population was 
established using 500 spring Chinook salmon adults trapped annually at Bonneville Dam 
on the Washington side from 1955 to 1964.  Returns to the hatchery have supported the 
program since then.  In the Wind River, spring Chinook salmon from the Carson NFH 
program have spawned naturally, but any natural production of spring Chinook salmon in 
the Wind River is not considered to be part of the LCR Chinook Salmon ESU because of 
their hatchery origin (Myers et al. 1998).  All adults spawned are assigned an individual 
identification number to assist in sampling and identification of egg lots.  Adults are 
tested for BKD and all eggs from females with medium high or high titer levels of BKD 
are culled. 

Spawning and rearing practices are designed to meet or exceed IHOT (1995) guidelines.  
Disease management follows the published policy 713 FW in the Fish and Wildlife 
Service Manual (USFWS 1995; USFWS 2004j).  Fish health care is provided by the 
Lower Columbia River Fish Health Center (LCRFC) in Underwood, Washington.  
Hatchery spring Chinook salmon are released on-station into the Wind River beginning in 
the third week of April.  The hatchery production is released as yearling smolts at a size 
of 16 fish/lb.  All fish are adipose clipped prior to release to identify them as hatchery 
fish, in addition, 75,000 of these are CWT as an index group to support the ongoing stock 
assessment evaluation of Carson NFH.   

Beginning with a release in 2006, 250,000 Carson spring Chinook salmon smolts are 
being reared for release into the Walla Walla River by the CTUIR in a effort to 
reintroduce spring Chinook salmon into the Walla Walla River basin (CTUIR 1990).  
Spring Chinook salmon for this program were transferred from the LWS NFH spring 
Chinook salmon program in 2006 when brook trout were observed in the raceways at 
Carson NFH.  Production from Carson NFH was used to backfill the production at LWS 
NFH.  This transfer was a one time occurrence, as the intake screen on Tyee Springs has 
been upgraded to eliminate brook trout from entering the hatchery.  The Walla Walla 
River spring Chinook salmon program will be covered through a separate HGMP and 
Biological Opinion. 

2.1.3 Spring Creek NFH Tule Fall Chinook Salmon 

Spring Creek National Fish Hatchery (SCNFH) was founded and began rearing tule fall 
Chinook salmon in 1901.  The SCNFH tule fall Chinook salmon program proposes to 
annually release 15.1 million subyearlings in March, April and May.  Up until 2002, 
approximately 3.0 million unfed fry were released on station in December.  These 
releases have been discontinued but returns from earlier releases will continue to be 
evaluated through 2006.  The tule fall Chinook salmon program is funded through the 
Mitchell Act and the U.S. Army Corps of Engineers.  The purpose of the tule fall 
Chinook salmon program at SCNFH is to mitigate for losses to salmon fisheries caused 
by the construction and operation of the Columbia River hydrosystem.  SCNFH was 
remodeled in 1955 under Mitchell Act authorization as part of the Columbia River 
Fisheries Development Program.  In 1970, the Army Corps of Engineers razed and 
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remodeled most of the facility to mitigate for fishery losses caused by construction and 
operation of the John Day Dam.  In 1985, to meet the goal for John Day Dam mitigation, 
the USFWS attempted to rear upriver bright fall Chinook salmon at the SCNFH.  
However, they were unsuccessful because rearing both tules and brights at the same time 
causing the re-use system to be overloaded, leading to an outbreak of bacterial kidney 
disease.  Water temperatures were also too high in the re-use system in June to rear 
brights, requiring the brights to be released early.  The URB fall Chinook salmon 
program was moved the following year and is now at the LWS NFH. 

The SCNFH tule fall Chinook salmon broodstock originated from the White Salmon 
River, a mile upstream on the Columbia River from the location of the hatchery, and is 
the stock of choice for reintroduction into the White Salmon River pending Condit Dam 
removal scheduled in 2008.  The SCNFH tule fall Chinook salmon are a genetic resource 
included in the threatened LCR Chinook Salmon ESU and are listed under the ESA.  
Those SCNFH tule fall Chinook salmon that are CWT and adipose fin-clipped are 
exempted from protections under 4(d) limits (70 FR 37194).  Beginning in 2005, all 
production a SCNFH has been mass marked with an adipose fin-clip.  Unmarked SCNFH 
tule fall Chinook salmon returning in the next few years from releases prior to mass 
marking are still exempted from protections under 4(d), because they are currently 
surplus to the recovery needs of the ESU, and are distinguishable from naturally 
produced tule fall Chinook salmon because they volunteer into the hatchery (70 FR 
37160).

The hatchery is located near the towns of Underwood and White Salmon, Washington 
adjacent to the mainstem Columbia River at Rkm 269 in the Bonneville Pool.  Hatchery 
rearing water is primarily derived from several springs emerging from a bluff located on 
hatchery property.  A warm water well is also located on hatchery property and is mixed 
with spring water to increase water temperature thereby allowing manipulation of growth 
and developmental rates.  The hatchery has a water re-use system that uses production 
water (water exiting from rearing ponds) that is recirculated through biological filters to 
an aeration chamber and then back to the rearing ponds.  Approximately 2,000-3,000 
GPM of de-aerated fresh spring water is being added constantly to the reuse system.  The 
present reuse water system wastes away 10 percent of the total available water to the 
wastewater lagoon (½ mile away) - a series of two settling ponds that eventually drain 
into the Columbia River.  During incubation and early rearing, water temperature is 
increased to 50 F by mixing spring (47 F) and well water (66 F).  The hatchery has the 
appropriate well and discharge permits. 

Adult broodstock are collected as they return to the hatchery in late August and 
September.  To enter the hatchery, adult fish must swim up a fish ladder that flows 
between the rearing (and adult holding) ponds and the Columbia River.  Once at the top 
of the ladder, adult fish are enumerated and directed into appropriate holding ponds by 
hatchery staff.  To meet the current production goal of 20,000,000 eggs, SCNFH’s 
minimum escapement goal is 7,000 adults of which 4,000 need to be females.  The 
hatchery has the capacity to rear 60,000,000 eggs, which equates to about 24,000 adult 
broodstock.  Typical hatchery practices have been to collect 11,000-12,000 adults, which 
equates to approximately 23,000,000 eggs.  This allows collection of the full spectrum of 
the adult migration, with additional buffer in case of any unforeseen drops in the latter 
part of the run.  It is expected that the maximum number of returning listed hatchery fall 
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Chinook salmon that could be collected annually is 74,512 adults (which was the biggest 
return to the hatchery on record). 

During years when the hatchery escapement goal of 7,000 may not be achieved, the 
hatchery has collected fish at Bonneville Dam’s North Shore trapping facility.  SCNFH is 
the only hatchery above Bonneville Dam that rears tule fall Chinook salmon and these are 
easily visually differentiated from upriver bright fall Chinook salmon.  However, some 
naturally produced tule fall Chinook salmon from the White Salmon, Wind, Hood, and 
possibly the Klickitat Rivers could be collected at Bonneville Dam.  Collection of 
broodstock at Bonneville Dam is not proposed in the HGMP.  Naturally produced tule 
Chinook salmon could volunteer into the hatchery, but numbers would be extremely low 
and there is presently no way to distinguish between unmarked hatchery tule Chinook 
salmon and their natural counterparts.  Tule fall Chinook salmon habitat above 
Bonneville Dam is limited to the very small sections of the tributaries that have not been 
inundated by the reservoir behind Bonneville Dam (see LCR Chinook salmon status 
section 3.1.1).  If habitat is restored, SCNFH will provide tule fall Chinook salmon for 
reintroduction into these areas and promote recovery.  The Lower Columbia Fish 
Recovery Board’s Salmon Recovery Plan recognizes the importance of SCNFH tule fall 
Chinook salmon in the recovery of fall Chinook salmon above Bonneville Dam (LCFRB 
2004, NMFS 2006d). 

During the period when the fish ladder is open to collect broodstock, other stocks of fall 
Chinook salmon and steelhead are handled if they enter the fish ladder.  Non-tule fall 
Chinook salmon and other species, if encountered, are released back into the mainstem 
Columbia River below the hatchery. 

Spawning and rearing practices are designed to meet or exceed IHOT (1995) guidelines.  
Disease management follows the published policy 713 FW in the Fish and Wildlife 
Service Manual (USFWS 1995; USFWS 2004j).  Fish health care is provided by the 
Lower Columbia River Fish Health Center (LCRFC) in Underwood, Washington.  The 
tule fall Chinook salmon juveniles remain free of the reportable pathogens that plague 
some other stocks.  Any health problems are managed promptly by fish health personnel 
to limit mortality and reduce disease transmission within the hatchery.  If an immediate 
on-station release is the best course of action due to compromised health of hatchery fish, 
USFWS personnel will notify cooperating federal agencies and co-mangers of the 
intended action.

Fish are released as fingerlings (smolts).  There are three separate fingerling releases 
occurring in March, April, and May.  The date of the March release is largely dictated by 
loading densities at the hatchery and coincide with an approved spill request to the Corps 
of Engineers, a total dissolved gas waiver from Oregon Department of Environmental 
Quality, and an adjusted dissolved gas standard from Washington Department of Ecology 
for increased spill at Bonneville Dam for up to a ten day period.  April and May release 
dates are more flexible and can be changed on the basis of river conditions, growth, 
health and development of the fish.  Fish are forcibly released on a per pond basis.
Although the hatchery would prefer to adopt a volitional release strategy, available 
facilities prevent this strategy from being used.  A proportion of each release group 
(roughly 3 percent or 150,000 per release group) is marked with a CWT and adipose fin 
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clip.  Beginning in 2005, fall Chinook salmon at SCNFH have been mass marked with an 
adipose fin-clip along with a group of  450,000 adipose fin-clip and CWT fish. 

Research is being conducted at SCNFH to finish analyzing the unfed fry releases by 
evaluating adult returns through 2006.  Additional research and hatchery evaluation 
activities include (1) assessment of alternative ladder operations and its effects on 
broodstock collection and straying; (2) evaluating SCNFH March release and Bonneville 
Dam 2 corner collector; and (3) conducting a comparative genetic assessment of  SCNFH 
broodstock and naturally spawning tule fall Chinook salmon in the White Salmon River.  
The research activities are included as part of the proposed action to minimize anticipated 
incidental take.  Research activities will primarily affect hatchery-origin fall Chinook 
salmon but take of naturally produced listed species will occur during the genetic 
assessment study (Tables 5, 6 and 7).  

2.1.4 Eagle Creek NFH Coho Salmon

Eagle Creek NFH is at Rkm 16 on Eagle Creek, in the Clackamas River watershed, near 
Estacada, Oregon.  Eagle Creek NFH was constructed and funded under the Mitchell Act 
and has operated under the auspices of the Columbia River Fish Management Plan 
(CRFMP) of U.S. v Oregon.  The program purpose is to produce coho salmon to help 
mitigate for fish losses in the Columbia River Basin caused by federal dams, to provide 
fish for commercial and recreational harvest, and to provide fish to support tribal 
restoration programs upstream of Bonneville Dam (Table 8).  Eagle Creek’s coho salmon 
production program for tribal restoration efforts is defined in the 2004 Management 
Agreement for the Upper Columbia River fall Chinook salmon, steelhead, and coho 
salmon.  Due to Mitchell Act funding short falls leading to the termination of coho 
salmon production at the Little White Salmon/Willard NFH Complex, production, that 
until recently went to the Select Area Fisheries Evaluation (SAFE) project net pens, will 
be used to support the Yakima River and Clearwater River coho salmon re-introduction  

Table 5.  Potential take of listed LCR Chinook salmon during genetic sampling activities 
by the USFWS in the White Salmon River. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass -  - - - 500

Collect for transport - - - -

Capture, handle release - Collection 
by seine, electro-fishing or by rotary 
screw trap 

- 3,500 - -

Capture, handle mark/tissue sample 
release

- 1,500 - 300

Intentional take  (e.g. Fish Pathology) - 60 - -

Unintentional Lethal take (all 
activities) 

- <100 - -
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Table 6.  Potential take of listed MCR steelhead during genetic sampling activities by the 
USFWS in the White Salmon River. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass -  - - - -

Collect for transport - - - -

Capture, handle release - Collection 
by seine, electro-fishing or by rotary 
screw trap 

- 1,500 - -

Capture, handle mark/tissue sample 
release

- 200 - -

Intentional take (e.g. Fish Pathology) - 60 - -

Unintentional Lethal take (all 
activities) 

- <100 - -

Table 7.  Potential take of listed LCR coho salmon during genetic sampling activities by 
the USFWS in the White Salmon River. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass -  - - - 100

Collect for transport - - - -

Capture, handle release - Collection 
by seine, electro-fishing or by rotary 
screw trap 

- 1,000 - -

Capture, handle mark/tissue sample 
release

- 500 - 100

Intentional take  (e.g. Fish Pathology) - 60 - -

Unintentional Lethal take (all 
activities) 

- <100 - -

programs.  The coho salmon produced by the Eagle Creek NFH program represent 
genetic resources included in the LCR Coho Salmon ESU and are listed.  However, 
because these coho salmon are not intended for recovery (i.e., they are surplus to 
recovery needs) and because they are adipose fin-clipped they are exempted from 
protections under the 4(d) limits (at 70 FR 37194).   

Yakima River Program:  In 2004, the Eagle Creek NFH began rearing and marking coho 
salmon for release into natural habitat of the Yakima River to help restore coho salmon 
populations that had been extirpated.  A total of 500,000 juvenile coho salmon are being 
reared annually using Mitchell Act funds.  Juvenile fish are transferred to the Yakama 
Nation (YN) in March.  The fish are acclimated and released into the Yakima and Naches 
River Basins, located on the Yakama Indian Reservation, as part of a tribal restoration 
and research effort.  These fish will be 100 percent marked with coded wire tags (CWT) 
using BPA funds.  An adipose fin-clip is not used to allow these fish to return to the 
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Yakima basin and not be kept in selective ocean and mainstem Columbia River 
recreational fisheries.  Unique tag codes are used to evaluate the success of this 
restoration effort at three tribal acclimation sites located in the Yakima Basin.  The first 
releases using LWS/Willard Complex coho salmon were made into these three areas 
during February and March 2000 to initiate the development of locally adapted, naturally 
spawning populations of fish.  The interim goal is to develop a locally adapted brood 
stock from the Yakima River system that would be used for rearing at the Eagle Creek 
NFH for the Yakama Tribal program.  The effects of the collection of adults and the 
release of juvenile coho salmon on listed steelhead under the Yakima program is not 
evaluated in this HGMP.  It will be covered under a separate HGMP/Biological Opinion 
for the BPA funded Yakama Tribal program. 

Table 8. Eagle Creek NFH Hatchery Production.

Release Stage Location of Release Production Goal

Eyed Eggs Transfer to Nez Perce Tribe 
(Clearwater River) 

Transfer to State of Idaho 

Transfer to Oregon (STEP) 

600,000-800,000

700,000

5,000

Yearling On-station Release 

Transfer to Clearwater River, 
ID for Nez Perce Tribe 

Transfer to Yakima River, 
WA for Yakama Tribe 

500,000 March - May 

550,000 in March 

500,000 in March 

Note that the Eagle Creek NFH coho salmon production that was proposed for transfer to CEDC (totaling 
1,000,000 smolts), has been terminated until further notice. 

The Eagle Creek NFH uses water from one spring for incubating eggs, and water from 
the hatchery intake structure located one quarter mile upstream of the hatchery in Eagle 
Creek for fish culture.  This intake is located above a natural barrier to anadromous fish.  
The water for raceway fish production is serial use.  There are three upper banks of 
twelve raceways and three lower banks of thirteen raceways.  During low creek flows 
water is serial used through all six banks of raceways.  In 2001, the water line to the 
upper raceways was replaced with a larger size that increased the potential for 25 percent 
more water flow.  The hatchery monitors water discharges and is in compliance with the 
current NPDES permit.  

The primary listed salmonid species potentially affected by hatchery operations is the 
Clackamas late-run winter steelhead.  This species is found in Eagle Creek, usually in the 
main stem below the middle falls (rkm 9.66) and in the North Fork of Eagle Creek (rkm 
14.1).  It is feasible for the fish to ascend Eagle Creek to the hatchery, but no adult fish 
have been collected at the hatchery during the spawning of hatchery winter steelhead or 
seen in the proximity of the hatchery in the spring.  In 1990, 1991, and 1992 less than 5 
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steelhead were recorded entering the hatchery in September, October, and November.  
Based on appearance of the fish, they were recorded as summer steelhead (D.Dysart, 
Eagle Creek NFH, personal communication, August, 2004) (summer steelhead are not 
considered native to the Clackamas River basin, and are not listed).  Adverse hatchery 
effects on listed steelhead would primarily be caused by the operation of the electric weir 
at the entrance to the adult collection pond. However, the weir is not operational from 
the third week of March until the middle of September making the weir a passable, non-
lethal barrier during the period of time that late winter adults may be found in the area.  
The weir was remodeled in 2003 to improve safety, collection efficiency and operation at 
high flows.  No take of listed steelhead is anticipated.

No take of listed Chinook salmon is anticipated.  Spring Chinook salmon were produced 
and released from Eagle Creek NFH from the start of production in 1958 through brood 
year 1991.  Since stopping the program, less than 10 spring Chinook salmon adults are 
still observed or recovered at the hatchery rack annually (King et al. 2000 – Table 4).
Since brood year 1996, ODFW has mass marked all hatchery raised spring Chinook 
salmon in the Willamette watershed, including Clackamas hatchery, with either an 
adipose fin clip, adipose fin clip plus a CWT, or a CWT only (ODFW 2001a).  In the 
unusual event that unmarked “listed” Chinook salmon enter the hatchery, the fish will be 
placed in a temporary holding pond and NMFS and ODFW will be contacted for further 
directions.  The release of hatchery spring Chinook salmon into Eagle Creek was 
reinitiated with smolt releases in 2006. 

To meet all program production goals, 4,000 adult coho salmon (50 percent female) are 
needed.  This program follows an isolated hatchery program strategy and returns to the 
hatchery are used for hatchery production of early-run coho salmon.  Coho salmon are 
not collected for broodstock or spawned past November.  This will maintain separation 
with the naturally produced later returning population of coho salmon in the Clackamas 
River basin.  In the past, if numbers of returning brood stock were insufficient to meet the 
hatchery production goals, the coho salmon production goal was achieved using Sandy 
River, Big Creek, Bonneville, Toutle River, or Willard NFH coho salmon hatchery 
stocks, depending upon availability and fish health concerns.  Fish health policy 
mandates that non-Eagle Creek stocks come from adults individually certified as virus-
free.  The practice of back filling production short falls, has been eliminated due to the 
new listing.  Fish enter the spawning facility volitionally via a fish ladder below an 
electric weir.  NMFS consulted on the installation of the weir in 2002 (NMFS 2002).
Fish for broodstock are collected from throughout the entire run.  The collection of 
adipose fin-clipped hatchery-origin coho salmon for broodstock for the Eagle Creek NFH 
coho salmon program is exempted from take prohibitions (70 FR 52630).  It is expected 
that the maximum number of returning hatchery coho salmon that will be collected 
annually is 38,546 adults (which was the biggest return on record).   However, the take is 
exempted under the 4(d) rule because all of the production is adipose fin-clipped. 

Spawning and rearing practices are designed to meet or exceed IHOT (1995) guidelines.  
Fish health and disease prevention is managed in accordance with the U.S. Fish and 
Wildlife Service’s Fish Health Policy (USFWS 1995; USFWS 2004j), and protocols of 
Oregon.  Any health problems are managed promptly by fish health personnel to limit 
mortality and reduce disease transmission.  The Eagle Creek coho salmon juveniles and 
adults remain free of the regulated pathogens (viruses and Myxobolis cerebralis).  No 
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offspring from virus-positive brood stock are allowed on station.  Surplus adults returning 
to the hatchery are provided to local food banks or use for nutrient supplementation, but 
only after passing health exams. 

Coho salmon smolts are volitionally released from the hatchery into Eagle Creek, during 
March through May, at approximately 12 to 14 fish/lb.  Those remaining at the end of the 
volitional release period are forced out (generally less than 2 percent of total production).
All coho salmon released into Eagle Creek are marked and/or tagged in the following 
proportions: 90 percent adipose fin clip only, 5 percent adipose fin clip plus a CWT, and 
5 percent a CWT only.  

The research activities at Eagle Creek NFH are included as part of the proposed action to 
minimize anticipated incidental take.  These activities include (1) surveys to determine 
the presence and distribution of aquatic species in Eagle Creek; (2) understanding the 
movement of adult coho salmon in Eagle Creek; (3) estimating the juvenile abundance of 
salmonids in Eagle Creek; and (4) determining the potential for ecological interactions 
between hatchery and wild fish in Eagle Creek.  The potential take of listed species from 
these activities is summarize in Tables 9, 10, and 11. 

2.1.5 Eagle Creek NFH Winter Steelhead

The Mitchell Act also funds the production of winter steelhead at Eagle Creek NFH to 
mitigate for fish losses in the Columbia River Basin caused by federal dams and to 
provide opportunities for recreational fisheries.  The program goal is to annually release 
150,000 winter steelhead smolts on-station.  

To meet the production release of 150,000 smolts, the broodstock goal is 500 adults 
averaging 50 percent females.  The hatchery stock at Eagle Creek is a combination of Big 
Creek (early-run) and native Clackamas winter steelhead stocks and is considered an 
early-run stock.  They are not considered to be part of the LCR steelhead ESU.  The 
program operates to isolate hatchery steelhead from natural-origin steelhead.  Steelhead 
hatchery production from Eagle Creek NFH are uniquely marked and only those marked 
fish from the hatchery are used for broodstock.  These fish return to the hatchery from 
mid-November to April and are spawned from December to mid-March.  Eagle Creek 
brood stock are randomly selected and spawned at a 2:2 male to female ratio.  When 
excess steelhead eggs are taken, only a portion of eggs from each female are kept for on-
station rearing.  The remaining eggs are either destroyed or transferred for use in other 
ESA approved segregated steelhead programs.  

Personnel from the Lower Columbia River Fish Health Center test for the listed 
pathogens as defined by USFWS Fish Health Policy and Implementation Guidelines 
(USFWS 1995; USFWS 2004j) (infectious hematopoietic necrosis virus (IHNV), 
infectious pancreatic necrosis virus (IPNV), viral hemorrhagic septicemia virus (VHSV), 
Renibacterium salmoninarum (BKD), Aeromonas salmonicida, and Yersinia ruckeri, and
Myxobolis cerebralis) and for Ceratomyxa shasta and erythrocytic inclusion body 
syndrome.  Samples are taken from 150 female and 60 male adults throughout the 
spawning period to ascertain the health profile.  As defined by the USFWS Fish Health 
Policy (USFWS 1995; USFWS 2004j), Eagle Creek NFH is classified as a virus-free 
facility so adult fish from facilities with a history of virus are not allowed on station  
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Natural-origin steelhead are not used in the broodstock and the naturally produced 
indigenous stock is considered late-run.  Late winter steelhead collected at the Clackamas 
Hatchery or Portland General Electric facilities (North Fork Dam on the Clackamas 
River) were used to initiate the transition to the native stock program per 1999 Biological 
Opinion, RPA 1.e.1 (NMFS 1999a).  In 1999 and 2000 the Eagle Creek NFH initiated 
pilot production of native late winter steelhead from 80,000 and 96,000 eggs received 
from ODFW, respectively.  At a hatchery coordination meeting in February of 2001, 
ODFW requested that the USFWS curtail future production of late stock winter steelhead 
at Eagle Creek NFH and ODFW would continue development of a Clackamas River wild 
late-run winter steelhead program at their facilities.  After discussion of the current 
problems at Eagle Creek for early incubation chilling of late winter steelhead, the limited 
availability of native brood stock, funding issues, and the desire to maintain the early run 
component for recreational fisheries, the co-managers (ODFW, NMFS, and USFWS) 
agreed to stop production of native, late winter steelhead at Eagle Creek NFH.  

Winter steelhead yearlings are volitionally released on-station during April and May at 
approximately 5 to 6 fish/lb.  Those remaining at the end of the volitional release period 
are forced out (generally less than 2 percent of total production).  All winter steelhead 
released into Eagle Creek are 100 percent marked with an adipose and right ventral fin 
clip.

The USFWS proposes to conduct research and monitoring and evaluation activities as 
part of the hatchery program.  The research activities are included as part of the proposed 
action to minimize anticipated incidental take. These activities will be coordinated with 
those proposed under the coho salmon program described above.  Steelhead research 
activities include (1) evaluating the effectiveness of raceway rearing density on winter 
steelhead survival; (2) assessing adult steelhead movement through Eagle Creek; (3) 
evaluating migration patterns and potential residualism of juvenile hatchery steelhead in 
Eagle Creek; and (4) identifying the genetic relationships among and the different stocks 
of winter-run steelhead in the Clackamas River basin.  The potential take of listed species 
from these activities is summarize in Tables 9, 10, and 11. 

Table 9.  Potential take of natural-origin listed LCR steelhead during proposed 
monitoring and research activities in Eagle Creek. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass - snorkel surveys - 1,000 - 5

Collect for transport - - - -

Capture, handle release - Collection 
by seine, electro-fishing or by rotary 
screw trap 

- - 100 -

Capture, handle mark/tissue sample 
release

- 300 <60 -

Intentional take (e.g. Fish Pathology) - 30 - -

Unintentional Lethal take (all 
activities) 

- <30 <8 -

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 30

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 59 of 1903

1-SER-86

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 86 of 300
(90 of 992)



Table 10.  Potential take of listed LCR coho salmon during proposed monitoring and 
research activities in Eagle Creek. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass – Snorkel surveys  - 1,000 (hatchery) 500 (hatchery) 
100 (natural) 

100 (hatchery) 

Collect for transport - - - -

Capture, handle release -  - 1,000 (natural) - -

Capture, handle mark/tissue sample 
release

- 100 (hatchery) 
100 (natural) 

100 (hatchery) 
<50 (natural) 

-
300 (natural) 

Intentional take (fish pathology) - 30 (natural) - -

Unintentional Lethal take (all 
activities) 

- <100 (hatchery) 
<10 (natural) 

<5 -

Table 11.  Potential take of natural-origin listed UWR spring Chinook salmon during 
proposed monitoring and research activities in Eagle Creek. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass – Snorkel surveys  - 100 - 10

Collect for transport - - - -

Capture, handle release -  - 100 50 -

Capture, handle mark/tissue sample 
release

- 10 10 -

Intentional take  - - - -

Unintentional Lethal take (all 
activities) 

- <10 <5 -

2.1.6 Warms Springs NFH Warm Springs River Spring Chinook Salmon 

The Warm Springs National Fish Hatchery (NFH) is located on the north bank of the 
Warm Springs River at Rkm 16 within the Warm Springs Indian Reservation in Wasco, 
County, Oregon about nine miles north of the town of Warm Springs.  The Warm Springs 
River is a major tributary of the Deschutes River in north central Oregon.  The Warm 
Springs River enters the Deschutes River at river kilometer (Rkm) 135.  Spring Chinook 
salmon in the Warm Springs and Deschutes Rivers are not listed under the ESA, but the 
program does cause interactions with listed MCR summer steelhead from hatchery 
operations, and from juvenile releases.  In 1959, the USFWS responded to a request by 
the Confederated Tribes of the Warm Springs Reservation of Oregon (CTWSRO), and 
began investigating salmon and steelhead enhancement possibilities on Warm Springs 
Reservation waters.  The construction of the hatchery was authorized by Congress in 
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1966 in order to enhance anadromous fish runs in Reservation waters and meet the future 
needs of the resource as well as those of the Tribe.  The production and operation and 
maintenance are funded by the USFWS.  

The program is cooperatively managed by the CTWRO and the USFWS with the goal to 
operate the hatchery in a manner that will provide harvest opportunities and protect 
remaining natural fish populations.  The goals of the program are to supplement natural-
origin fish runs in the Warm Springs River in order to provide a sustainable harvest of 
hatchery spring Chinook salmon for the CTWRO; restore spring Chinook salmon 
populations in Shitike Creek; and research techniques for integrating natural-origin and 
hatchery fish in a way that maintains the biological and genetic characteristics of fish 
populations in both hatchery and stream environments.  The hatchery production goal is 
750,000 spring Chinook salmon released on-station (fall release of approximately 75,000, 
and spring release of 675,000 smolts).  A barrier dam across the Warm Springs River, 
adjacent to the hatchery facility, is used to direct fish into a fish ladder.  The fish ladder 
directs adult fish into holding ponds, or to an adult fish ladder allowing passage upstream 
around the barrier dam, where hatchery spring Chinook salmon supplement the naturally 
spawning population in the Warm Springs River.  The minimum escapement goal for 
naturally produced spring Chinook salmon above the hatchery is 1,300 adults.
Broodstock collection goal is 630 adults for hatchery production and will include 
approximately 10 percent natural origin fish.  Round Butte Hatchery spring Chinook 
salmon have been used during years of low returns to Warm Springs NFH. 

In 1996, an automated fish passage system was installed for use during the spring 
Chinook salmon migration period of mid-April through the end of September.  The 
system is designed to minimize handling of natural fish by separating out returning 
hatchery spring Chinook salmon with CWTs.  The passage system includes a denil 
steeppass along with a CWT tube detector which triggers a pneumatic gate.  A video 
system is in place to monitor fish passing upstream of the hatchery.  The goal is to have 
all fish swim up the denil steeppass, with the CWT hatchery fish detected and shunted to 
a holding pond.  All non-tagged fish will be passed to another catch pond and monitored 
by an underwater video camera as they swim out through the ladder and upstream of the 
hatchery.  Implementing 100 percent CWT program along with installation of a new 
passage system at the hatchery has allowed for reduced handling of natural fish.  The 
minimum operating standards for the system are the removal of 95 percent of the fish 
with CWTs and 95 percent accuracy in counting upstream bound fish.  With the 95 
percent tag retention and 95 percent removal of fish with tags, no more than 10 percent of 
the total Chinook salmon passed upstream should be of hatchery origin. 

Broodstock collection management is based on pre-season forecasts and in-season run 
size updates.  If a return of 630 or fewer hatchery spring Chinook salmon adults is 
predicted, then all adults are retained.  When more than 630 hatchery adults are predicted, 
fish are retained and distributed throughout the run so that the broodstock goal will match 
the naturally produced spring Chinook salmon run timing of: 67 percent cumulative 
return by May 31, 86 percent by mid-June, 91 percent by end of June, 96 percent by the 
end of August and 100 percent by the end of September.   

The current goal of the hatchery program is to have, on a 10 year average, 10 percent of 
the hatchery broodstock be of natural origin.  The USFWS uses a sliding scale for 
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incorporating natural-origin spring Chinook salmon into the broodstock (Table 6.2.3 in 
USFWS 2004h).  Natural-origin broodstock is not collected if returns are less than 800 
adults.  The proportion of natural-origin fish in the broodstock increases from 5 percent 
when returns of natural-origin adults are from 800-900, to 20 percent when returns are 
greater than 2,300 adults. In a USFWS review of the Warm Springs NFH spring 
Chinook salmon program, the Hatchery Review Team (USFWS 2006) recommended that 
the program maintain the current goal of a minimum of 10 percent natural-origin spring 
Chinook salmon in the broodstock and to continue to limit hatchery-origin spring 
Chinook salmon on the spawning grounds to less than 10 percent. 

All spring Chinook salmon held for broodstock are injected with erythromycin to prevent 
pre-spawning mortality by bacterial kidney disease (Renibacterium salmoninarum)
(BKD) and to reduce vertical transmission of its causative agent to their progeny.  At 
spawning, tissues from adult fish are collected to ascertain viral, bacterial, and parasitic 
infections and to provide a brood health profile.  Personnel from the Lower Columbia 
River Fish Health Center test for the parasite Ceratomyxa shasta and the listed pathogens 
as defined by the USFWS Fish Health Policy and Implementation Guidelines (USFWS 
1995; USFWS 2004j): infectious hemorrhagic septicemia virus (VHSV), BKD, 
Aeromonas salmonicida, and Yersinia ruckeri.  All broodstock are tested and assayed for 
BKD and virus.  If levels of BKD exceed prescribed standards, the progeny from the 
infected broodstock are either culled or kept segregated during rearing. 

The Lower Columbia River Fish Health Center manages fish health and disease 
prevention in accordance with USFWS Fish Health Policy and Implementation 
Guidelines and IHOT policies (USFWS 1995; USFWS 2004j; IHOT 1995) and with 
protocols of ODFW.  Any health problems are managed promptly by fish health 
personnel to limit mortality and reduce disease transmission.  

The current production goal is 750,000 spring Chinook salmon juveniles released at 15 
fish/lb.  All juvenile fish released from the hatchery are marked (CWT and adipose fin 
clip) to differentiate them from naturally produced fish upon return.  Production is 
typically split into fall subyearling and spring yearling release periods.  The fall release 
strategy at Warm Springs NFH is a partial volitional release.  Starting in early October, 
fish are allowed to move out on their own volition through early November.
Approximately 10 percent of the fish are estimated to exit on their own during this fall 
volitional release.  Past records indicate that a mixture of sizes exit the hatchery in the 
fall, but most are between 140mm and 200mm fork length.  The remaining fish are reared 
over the winter then allowed to volitionally exit from late-March through April.  Fish 
remaining at the end of April are forced out to make room for the next year’s brood.  

Spring Chinook Salmon Adult Outplanting:  The CTWSRO proposes to release up to 200 
adult spring Chinook salmon from the Warm Springs NFH to spawn naturally in Shitike 
Creek, a tributary to the Deschutes River on the Warm Springs Indian Reservation.  
These adults are surplus to the broodstock and natural spawning needs at Warm Springs 
NFH.  The goal is to increase natural production in Shitike Creek.  In the 1970s a 
municipal water supply dam was removed at approximately Rkm 8.0, opening passage to 
the upper Shitike Creek basin.  Since 1986, when surveys began, recovery of natural-
origin spring Chinook salmon has been slow with an average of 16 redds observed 
annually for the entire watershed, prior to the release of Warm Springs NFH spring 
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Chinook salmon adults beginning in 2000.  This is a pilot program and will be dependant 
on surplus spring Chinook salmon at the Warm Springs NFH.  Remaining surplus spring 
Chinook salmon are killed and provided to the CTWSRO for tribal needs.  After 
spawning, spring Chinook salmon are either placed in a landfill or are used for nutrient 
enhancement but only after passing health exams. 

Warm Springs River Steelhead Management:  Naturally spawning steelhead in the 
Deschutes River Basin are part of the threatened MCR Steelhead DPS.  Steelhead 
hatchery production at the Warm Springs NFH was terminated in 1981 due to disease 
problems and hatchery facility constraints in producing a two-year-old smolt.  The 
current goal is to use the hatchery to protect naturally produced steelhead in the Warm 
Springs River.  The trap is operated year around to trap and remove known hatchery 
steelhead.  All known hatchery steelhead strays collected at the hatchery have been 
sacrificed and distributed to the CTWSRO (Olson et al. 1995).  All unmarked steelhead 
are passed upstream.  Beginning in 1987 a high number of marked stray steelhead have 
been counted and sacrificed at the hatchery, when more than 1,500 steelhead were 
counted including 692 hatchery strays.  The source of the majority of hatchery strays is 
unknown, but for those that have been identified, the majority have originated from 
Snake River hatchery programs releases in the Wallowa River, and Cottonwood Creek 
(Hand and Olson 2003). 

Monitoring and Evaluation Activities:  In cooperation with the CTWSRO, USFWS is 
conduction monitoring and evaluation activities in the Warms Springs River and Shitike 
Creek basins.  The research activities are included as part of the proposed action to 
minimize anticipated incidental take.  The USFWS proposes to monitor spring Chinook 
salmon outmigration, the USFWS will operate a rotary screw trap at Rkm 5 on the Warm 
Springs River.  The trap will be operated year around as long as stream flow allow.  The 
USFWS will conduct snorkel surveys to monitor population abundance.  In addition, the 
USFWS will be evaluating the distribution, migration behavior, habitat use and species 
interactions of fall-released juvenile hatchery spring Chinook salmon in the Deschutes 
River.  The USFWS will also conduct monitoring activities in Shitike Creek.  Weirs will 
be installed to monitor adult salmonids migration within the basin.  Reproductive success 
studies will be conducted for wild and hatchery steelhead trapped at the weir.  Non-lethal 
tissue samples will be collected from trapped steelhead.  Juvenile steelhead will be 
captured and marked with a dye as part of a mark/recapture study to estimate juvenile 
abundance.  Juvenile steelhead will also be sampled at a rotary screw trap operated in 
Shitike Creek.  Take from these monitoring activities are summarized for the Warm 
Springs River in Table 12, and Shitike Creek in Table 13. 
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Table 12.  Potential take of listed summer steelhead during monitoring and evaluation 
activities by the USFWS and CTWSRO in the Warm Springs River. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass - Hatchery Ladder 
                 Redd surveys 

1,000 
<700 <25

Collect for transport - - -

Capture, handle, release 
             Rotary Screw Trap 
             Hatchery Ladder 

<8,000
1,000 

-

Capture, handle, mark/tissue sample release 
             Rotary Screw Trap 
             Snorkel (mark-recap) 

<1,000
<500

-
-

-
-

Intentional take (e.g., Fish Pathology, adult 
weir)

60 1,000 - stray 
hatchery 

Unintentional Lethal take (all activities) 

<50 <5 -

Table 13.  Potential take of listed summer steelhead during monitoring and evaluation 
activities by the USFWS and CTWSRO in the Shitike Creek. 

Type of Take Egg/Fry Juvenile/Smolt Adult Carcass

Observe or harass - Snorkel surveys 
                 Redd surveys 

<1,000
<100 50

Collect for transport - - -

Capture, handle, release 
             Rotary Screw Trap 
             Adult Weir 

<8,000
- <30 (kelts) 

-

Capture, handle, mark/tissue sample release 
             Rotary Screw Trap 
             Snorkel (mark-recap) 
             Adult Weir 

<2,000
<500

-

-
-

<300

-
-

Intentional take (e.g., Fish Pathology) 60 - -

Unintentional Lethal take (all activities) 
<50 <5 -
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2.1.7 Walla Walla River Basin Summer Steelhead – Lyons Ferry 
Hatchery Stock 

The USFWS, through the LSRCP, presently funds production of summer steelhead 
released into the Touchet and Walla Walla Rivers to mitigate for the decline in salmonids 
and the loss of recreational fishing opportunities for Washington residents due to the 
construction and operation of the lower Snake River dams.  These programs follow the 
isolated strategy and attempt to reduce or avoid interactions between hatchery-origin and 
natural-origin summer steelhead.  This program releases non-endemic hatchery summer 
steelhead to provide fish for recreational and tribal fisheries.  The Touchet River is a 
tributary to the Walla Walla River, and both are outside the Snake River Basin, but were 
included in the LSRCP as a replacement for habitat loss behind the Snake River Dams.  
Currently, steelhead mitigation in the Walla Walla River basin is managed to provide 900 
returning adult steelhead to the Walla Walla River, and 750 adult steelhead to the 
Touchet River.  To achieve the mitigation goals, the WDFW is using Lyons Ferry 
Hatchery (LFH) stock summer steelhead acclimated and released into the Touchet River 
from the Dayton Acclimation Pond and through direct stream release into the mainstem 
Walla Walla River.  

To meet the mitigation goal, a total of 125,000 LFH summer steelhead smolts were 
released annually into the Walla Walla River.  Releases were greater in the past (1996-
2000 releases averaged about 170,000 smolts), but have been reduced because of higher 
than projected smolt to adult survival for program steelhead and threats from not isolating 
the program from natural-origin summer steelhead.  Most of the LFH Stock releases into 
the Walla Walla River have occurred near the mouth of Mill Creek or downstream.  
Some releases have also occurred in lower Mill Creek (small tributary of the Walla Walla 
River near the town of Walla Walla, Washington), but releases were stopped after the 
listing of MCR summer steelhead in 1999.  The last release of LFH stock summer 
steelhead in Mill Creek was in 1998. 

Lyons Ferry Hatchery summer steelhead releases into the Touchet River are acclimated at 
the Dayton Acclimation Pond prior to release.  Total annual releases have declined from 
150,000 to 100,000 in 2003 and 85,000 in 2004.  Under the original LSCRP goals, a 
smolt-to-adult return rate (SAR) of 0.5 percent to above the project area (Ice Harbor) in 
the Snake River or to the Walla Walla Basin, would satisfy WDFW mitigation goals.  For 
the Walla Walla and Touchet Rivers, SAR’s based on freeze brand recoveries at Ice 
Harbor have generally been less than the goal, however, estimated SAR’s from CWT 
recoveries of fish released into the Walla Walla and Touchet Rivers have been 
considerably higher, and indicate the current release number are exceeding adult return 
mitigation goals to the project area.  As such, further reductions for both the Walla Walla 
and Touchet Rivers releases of LFH stock fish were reflected in the 2004 release of 
85,000 smolts in the Touchet River, and 100,000 smolts in the Walla Walla River. 

The LFH summer steelhead stock was derived from returns of Upper Columbia River 
Wells Fish Hatchery stock (WDFW) and Wallowa Fish Hatchery (ODFW) origin 
steelhead released at LFH and does not represent the natural spawning population in the 
Touchet or Walla Walla River systems.  The 1999 Biological Opinion on artificial 
propagation (NMFS 1999a) included a Conservation Recommendation to the USFWS to 
develop a locally-adapted summer steelhead program to replace the current releases of 
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LFH summer steelhead.  Releases of non-endemic hatchery steelhead stocks in the LCR 
and in the Snake River basin were determined to jeopardize the continued existence and 
chance for recovery of listed steelhead populations in those basins due to genetic 
introgression and competition effects of hatchery steelhead on listed natural-origin 
steelhead.  In response to the 1999 Biological Opinion, the WDFW has initiated the 
Touchet River endemic summer steelhead program that collects broodstock at the Dayton 
trap in order to investigate the feasibility of using this endemic stock to replace releases 
of LFH summer steelhead in the Touchet River (USWFS 2002a).  The effects of the 
endemic program that is described in the Touchet HGMP (USWFS 2002a) will be 
evaluated in a separate ESA consultation.   

The development of a local stock for the Walla Walla River releases has not been 
pursued because the current LFH releases into the Walla Walla River are being evaluated 
to determine the level of isolation between the hatchery steelhead and the natural-origin 
steelhead in the Walla Walla River.  Preliminary results have shown that returning 
hatchery summer steelhead are isolated from natural-origin steelhead in the basin 
(Bumgarner et al. 2003; 2004).  If monitoring and evaluation activities determine that the 
risk of the isolated program is greater than those associated with developing an endemic 
broodstock program, then broodstock should be collected from Mill Creek or another 
location in the Walla Walla River (i.e., the South Fork) as an alternative to the LFH stock 
releases.  This approach would be consistent with conservation measures in the 1999 
Columbia River artificial propagation Opinion (NMFS 1999a). 

Broodstock for the LFH summer steelhead releases are not collected from adults 
returning to the Touchet River, all broodstock needs are met with adults returning to the 
LFH.  Impacts on listed species from the operation of the LFH and the broodstock 
collection activities will be addressed in other ESA consultations.  Impacts on listed 
MCR steelhead from the releases of LFH summer steelhead into the Walla Walla River 
basin will be evaluated in this Opinion.  Spawning, rearing, and disease management 
efforts at LFH and at the Dayton Acclimation Pond are in accordance with the Pacific 
Northwest Fish Health Protection Committee (PNFHPC 1989) and IHOT (1995) 
standards.  Disease impacts by this stock on Walla Walla and Touchet Rivers salmonids 
are reduced because the hatchery produced summer steelhead are reared entirely at LFH.  
LFH is supplied with constant temperature well water; as a result disease occurrence and 
the presence of pathogens and parasites are infrequent.  When infestations or infections 
have occurred, they have been effectively treated.  Documentation of disease status in 
these stocks is accomplished through monthly and pre-liberation fish health 
examinations.  No transfers of steelhead juveniles with known clinical infections or 
infestations have been made to the Touchet River from LFH.  Furthermore, IHNV testing 
occurs during spawning and eggs from infected fish are destroyed as necessary. 

Each year ~ 20,000 of the 100,000 fish destined for the Walla Walla River release, and 
~20,000 of the 85,000 fish destined for the Touchet River River release (Dayton 
Acclimation Pond), are marked with an adipose/left ventral clip and a coded-wire tag 
(ADLV/CWT).  Marked smolts to be released in the Walla Walla River are loaded from 
the raceways into a transport truck and released directly into the Walla Walla River.  The 
remaining 80,000 smolts for the Walla Walla River and 65,000 smolts for the Touchet 
River are removed from a 2.1 acre pond via a concrete release structure, and hauled to the 
same location on the Walla Walla River.  Since these programs are for mitigation/isolated 
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harvest, 100 percent of these smolts are marked with an adipose fin clip so they can 
easily be identified in the fishery.  No acclimation is provided for any of the fish released 
into the Walla Walla River at Rkm 56.3.  Acclimation is not considered necessary.  
Comparison studies of direct and acclimated releases during the 1990’s found greater 
survival for lower river direct releases (USFWS 1998).  Furthermore, this allows releases 
to occur below most natural production areas in the Walla Walla River.  Direct stream 
release will occur no earlier than 15 April, but may be as late as 25 April.  Yearly 
adjustments may occur based on water conditions, smolt size, and other environmental 
conditions.  Prior to the direct stream release, evaluation staff will collect samples to 
document size, condition factor and the number of precocial fish present in the release 
population.

To evaluate the Walla Walla Basin summer steelhead program, WDFW will be 
conducting monitoring and evaluation activities within the Walla Walla River watershed.  
These activities include spawning ground surveys (March through May), summer 
population monitoring (electro-fishing), PIT tagging programs, and estimates of 
residualism, and may result in the take of listed summer steelhead juveniles and adults.
Additional activities that will influence the management of the program include adult 
trapping in Coppei Creek (a tributary to the Touchet River located below the Dayton 
Pond Acclimation site), continued adult trapping at the Dayton Adult Trap (See Touchet 
River Endemic Steelhead HGMP (USFWS 2002a)), and the continued collection of 
genetic samples to determine the genetic makeup of summer steelhead and potential 
integration of hatchery steelhead in the Walla Walla River basin.  These monitoring and 
evaluation activities are covered under a separate consultation.

2.2 Action Area 

Action area is defined as "all areas to be affected directly or indirectly by the Federal 
action and not merely the immediate area involved in the action..." (50 CFR 402.02).  
The action area for the analysis of the effects of the proposed activities will primarily 
focus on the watersheds where the programs are located (see Table 2).  The ESUs and 
DPSs that could potentially be affected by the artificial propagation programs are listed in 
Table 3.  For the purposes of this analysis the action area was not limited to the site of the 
hatchery facility where impacts on listed salmon and steelhead from hatchery activities 
such as water removal, fish trapping,  broodstock collection, and juvenile releases would 
occur (see sections 4.1.1, and 4.1.2,), but includes the watershed below the hatchery 
facility or release location because juvenile releases can interact with listed fish (see 
sections 4.1.5, 4.1.6, and 4.1.7, and because adults can stray into natural spawning areas 
(see section 4.1.3, and 4.1.5).

Impacts that may occur through interactions with ESA-listed salmon and steelhead may 
occur in locations outside the action area where progeny (both juvenile and adult) 
generated from the proposed artificial propagation programs will interact with such 
species.  However, based on the best science and technology, NMFS does not believe it is 
possible to meaningfully measure, detect, or evaluate the effects of those interactions due 
to the low likelihood or magnitude of such interactions in locations outside the action 
areas and their associated effects (see discussion of competition/density-dependence 
effects in section 4.1.5). 
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3.0 STATUS OF THE SPECIES UNDER THE ENVIRONMENTAL BASELINE

The HGMPs submitted by the USFWS (Table 1), contain information about the status of 
the listed salmon ESUs and steelhead DPSs.  Additional information is also available 
from the updated status review (WCSBRT 2003), in the Federal Register Notices for the 
affected ESUs (Table 3), and from the Technical Recovery Teams (ICTRT 2004; Meyers 
et al. 2003; McElhany et al. 2004).

To determine a species’ status under extant conditions (the environmental baseline), it is 
necessary to ascertain the degree to which the species’ biological requirements are being 
met at that time and in that action area.  For the purposes of this consultation the salmon 
and steelhead biological requirements for the ESUs and DPSs in the action area are 
expressed in two ways: The viable salmonid population (VSP) parameters such as 
natural-origin fish numbers, natural-origin fish distribution, and natural-origin fish trends 
throughout the action area; and the condition of various essential habitat features such as 
water quality, stream substrates, and food availability.  These two types of information 
are interrelated, given that the condition of a given habitat has a large impact on the 
number of fish it can support.  Nonetheless, it is useful to separate the species’ biological 
requirements into these parameters because doing so provides a more complete picture of 
all the factors affecting listed salmon and steelhead survival.  

3.1 Chinook Salmon (Oncorhynchus tshawytscha)

Chinook salmon are the largest of the Pacific salmon.  The species’ North American 
distribution historically ranged from the Ventura River in California to Point Hope, 
Alaska.  In northeastern Asia the species range from Hokkaido, Japan to the Anadyr 
River in Russia (Healey 1991).  Additionally, Chinook salmon have been reported in the 
Mackenzie River area of northern Canada (McPhail and Lindsey 1970).  Of the Pacific 
salmon, Chinook salmon exhibit the most diverse and complex life-history strategies.  
Healey (1986) described 16 age categories for Chinook salmon, seven total ages at 
maturity with three possible freshwater ages.  Gilbert (1912) initially described two 
general freshwater life-history types: “stream-type” Chinook salmon reside in fresh water 
for a year or more following emergence; “ocean-type” Chinook salmon migrate to the 
ocean within their first year.  Healey (1983; 1991) has promoted the use of broader 
definitions for “ocean-type” and “stream-type” to describe two distinct races of Chinook 
salmon.  This racial approach incorporates life history traits, geographic distribution, and 
genetic differentiation and provides a valuable frame of reference for comparisons of 
Chinook salmon populations.  The generalized life history of Pacific salmon includes 
phases of incubation, hatching, freshwater emergence, migration to the ocean, and 
subsequent initiation of maturation and return to fresh water for completion of maturation 
and spawning.  Juvenile rearing in fresh water can be minimal or extended.  Additionally, 
some male Chinook salmon mature in fresh water, thereby foregoing emigration to the 
ocean.  The timing and duration of each of these stages is related to varying degrees of 
genetic and environmental determinants and interactions thereof.  Chinook salmon may 
spend one to six years in the ocean before returning to their natal streams to spawn.  

Ocean distribution differs between ocean- and stream-type Chinook salmon (Healey 
1983; 1991).  Ocean-type Chinook salmon tend to migrate along the coast, and stream-
type Chinook salmon migrate far from the coast in the central North Pacific.  Chinook 
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salmon populations within the ESUs discussed here can be characterized by their time of 
freshwater entry as spring, summer, or fall runs.  Spring Chinook salmon tend to enter 
freshwater and migrate far upriver, where they hold and become sexually mature before 
spawning in the late summer and early autumn.  Fall Chinook salmon enter freshwater in 
a more advanced stage of sexual maturity, move rapidly to their spawning areas on the 
mainstem or lower tributaries of their natal rivers and spawn within a few days or weeks 
of freshwater entry (Fulton 1968; Healey 1991).  Summer Chinook salmon are 
intermediate between spring and fall runs, spawning in large and medium-sized 
tributaries, and not showing the extensive delay in maturation exhibited by spring 
Chinook salmon (Fulton 1968). 

3.1.1 LCR Chinook Salmon ESU 

The LCR Chinook Salmon ESU is characterized by numerous short- and medium-length 
rivers that drain the coast ranges and the west slope of the Cascade Mountains.  This ESU 
includes all native populations from the mouth of the Columbia River to the crest of the 
Cascade Range, including the White Salmon in Washington and the Hood River basin in 
Oregon (Figures 2 and 3).  The ESU excludes populations above Willamette Falls.  The 
Cowlitz, Kalama, Lewis, Washougal, and White Salmon Rivers constitute the major 
systems in Washington; the lower Willamette, Hood and Sandy Rivers are the major 
systems in Oregon (WCSBRT 2003).  The ESU does not include spring Chinook salmon 
populations in the Clackamas River or the introduced Carson spring Chinook salmon 
stock.  Tule fall Chinook salmon in the Wind and Little White Salmon Rivers are 
included in this ESU, but not the introduced upriver bright fall Chinook salmon 
populations in the Wind and White Salmon Rivers and those spawning naturally below 
Bonneville Dam (Myers et al. 1998).  NMFS determined that 17 Chinook salmon 
hatchery programs were part of the LCR Chinook Salmon ESU, including the Spring 
Creek tule fall Chinook salmon program (70 FR 37160).  Myers et al. (2003) identified 
31 historical populations within the ESU (Figures 2 and 3), they estimated that of these 
populations 8-10 have been extirpated, most of these being spring Chinook salmon.   

There are three different runs of Chinook salmon included in the ESU: spring-run, late 
fall brights, and early fall tules.  Spring-run Chinook salmon in the lower Columbia 
River, have a stream-type juvenile life history and enter freshwater as adults in March 
and April, well in advance of spawning in August and September.  Historically, fish 
migrations were synchronized with periods of high rainfall or snow melt to provide 
access to upper reaches of most tributaries where spring stocks would hold until 
spawning (Fulton 1968; Olsen et al. 1992; WDF et al. 1993).  The tule and bright fall 
Chinook salmon exhibit an ocean-type live history and northerly ocean migration 
patterns, with bright fish tending to travel father north than the tule stocks.  Tule fall 
Chinook salmon begin entering the Columbia River in August, rapidly moving into the 
lower Columbia River tributaries to begin spawning in September and October.  Bright 
fall Chinook salmon enter the Columbia River over a longer period of time beginning in 
August and do not begin spawning until October with spawning observed into the 
following March in some locations.  All lower Columbia River Chinook salmon mature 
from two to six years of age, primarily returning as three- and four-year-old adults 
(Myers et al. 1998). 
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Figure 2.  Historical independent LCR early and late fall Chinook salmon populations 
(Myers et al. 2003).

Figure 3.  Historical independent LCR spring Chinook salmon populations (Myers et al.
2003).
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Spring Chinook salmon were present historically in the Sandy, Clackamas2, Cowlitz, 
Kalama, Hood, White Salmon and Lewis Rivers.  Spawning and juvenile rearing areas 
have been eliminated or greatly reduced by dam construction on all these rivers.  The 
native Lewis River run became extinct soon after completion of Merwin Dam in 1931.  
The White Salmon run became extinct after the completion of Condit Dam in 1917.  The 
natural Hood River spring Chinook salmon population was extirpated in the 1960's after a 
flood caused by the natural breaching of a glacial dam resulted in extensive habitat 
damage in the West Fork production areas.  Currently non-listed hatchery spring Chinook 
salmon from the Deschutes River are being released into the Hood River as part of a 
reintroduction program.   

The remaining spring Chinook salmon stocks in the Lower Columbia River ESU are 
found in the Sandy, Lewis, Cowlitz, and Kalama Rivers (Figure 3).  Spring Chinook 
salmon hatchery programs in these basin are included in the LCR Chinook Salmon ESU 
(70 FR 37160).  Numbers of naturally spawning spring-run Chinook salmon are very 
low, and have historically included or continue to include substantial numbers of 
hatchery fish.  Recent escapements above Marmot Dam on the Sandy River average 
2,800 adults and have been increasing (ODFW 1998a).  Hatchery-origin spring Chinook 
salmon are no longer released above Marmot Dam; the proportion of first generation 
hatchery fish in the escapement is relatively low, on the order of 10-20 percent in recent 
years.  Recent average escapement of naturally spawning spring Chinook salmon adults 
in the Cowlitz, Kalama, and Lewis Rivers are 237, 198, and 364, respectively (LeFleur 
2000, 2001).  The amount of natural production resulting from these escapements is 
unknown, but is presumably small since the remaining habitat in the lower rivers is not 
the preferred habitat for spring Chinook salmon (ODFW 1998a).  Hatchery escapement 
goals have been consistently met in the Cowlitz and Lewis Rivers.  Past management 
practices that have been discontinued, allowed for broodstock from the Lewis River to be 
used to meet production goals in the Kalama.  Although the status of hatchery stocks are 
not always a concern or priority from an ESA perspective, in situations where the historic 
spawning habitat is no longer accessible, the status of the hatchery stocks is pertinent.

Fall Chinook salmon populations in the Lower Columbia River are self sustaining and 
escapements are generally stable (ODFW 1998a).  The tule component of the fall 
Chinook salmon populations with minimal hatchery influence, spawn in the Coweeman, 
East Fork Lewis, Sandy, and Clackamas Rivers (Figure 2).  Escapements for the 
Coweeman and East Fork Lewis populations have averaged several hundred to 1,000 per 
year (data provided by C. LeFleur, WDFW to S. Bishop NMFS, April 9, 2000).  Some 
natural spawning of tule fall Chinook salmon occurs in other areas but is thought to result 
primarily from hatchery-origin strays.  Tule fall Chinook salmon that are part of the LCR 
Chinook Salmon ESU are produced at the Elochoman, Cowlitz, Toutle, Kalama, Spring 
Creek and Washougal Hatcheries in Washington and Big Creek Hatchery in Oregon (70 
FR 37160).  The bright component of Lower Columbia River fall Chinook salmon spawn 
in the North Fork Lewis, East Fork Lewis, and Sandy Rivers.  Lower Columbia River 
bright stocks are among the few healthy natural-origin Chinook salmon populations in the 
Columbia River Basin.  Escapement to the North Fork Lewis River has exceeded its 

2 Clackamas River spring Chinook salmon are considered part of the listed Upper Willamette River Chinook 
salmon ESU.
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escapement goal of 5,700 by a substantial margin every year since 1980, except 1999, 
with a recent five year average escapement of 8,400.  Escapements of the two smaller 
populations of brights in the Sandy and East Fork Lewis Rivers have been stable for the 
last 10-12 years and are largely unaffected by hatchery fish (NMFS 2001a; ODFW 
1998a).

Freshwater habitat is in poor condition in many basins, with problems related to forestry 
practices, urbanization, and agriculture (Myers et al. 1998).  Dam construction on the 
Cowlitz, Lewis, White Salmon, and Sandy Rivers has eliminated access to a substantial 
portions of the spring-run Chinook salmon spawning habitat, with a lesser impact on fall-
run Chinook salmon habitat (Myers et al. 1998).

In the past unmarked hatchery-origin fish returns have made it difficult to determine the 
proportion of natural spawners comprised of natural-origin fish.  Even though hatchery 
fish are known to spawn naturally genetic and life-history characteristics of populations 
in this ESU still differ from those in other ESUs.  However, the potential loss of fitness 
and diversity resulting from the introgression of hatchery fish within the ESU is a key 
concern.  In response to concerns about straying into tributaries of the Lower Columbia 
(Myers et al. 1998), the release locations for non-ESU Rogue River bright fall-run fish in 
Youngs Bay were changed and, as a result, stray rates from this program have declined 
markedly (North et al. 2004). 

In 2002-2003, status reviews were conducted by the West Coast Salmon Biological 
Review Team (WCSBRT) (WCSBRT 2003).  The WCSBRT, based on a synthesis of the 
updated information provided in their report plus the information contained in previous 
LCR status reviews, tentatively identified the number of historical and currently viable 
populations (Table A.2.5.5 of the report).  The summary indicated that the ESU is 
substantially modified from historical population structure.  Most tule fall Chinook 
salmon populations are potentially at risk of extinction and no populations of the spring 
run life-history type are currently considered self-sustaining.  The Lewis River late fall 
bright population has the highest likelihood of being self-sustaining under current 
conditions.  The WCSBRT concluded that the ESU remains “likely to become 
endangered in the foreseeable future.” 

Little White Salmon River Subbasin
As described in the proposed actions for the Little White Salmon NFH complex, 
anadromous fish habitat in the Little White Salmon River is limited to the 1.6 km of 
potential habitat between the hatchery weir and the first falls and a small area directly 
below the barrier dam when Bonneville Pool elevations are low.  Historic habitat in the 
lower mainstem Little White Salmon River was present for fall Chinook salmon prior to 
the construction of Bonneville dam (see Rawding 2000a for good description of the Little 
White Salmon River subbasin).  Myers et al. (2002) identified the fall Chinook salmon 
spawning in the Little White Salmon River as part of the Upper Gorge fall Chinook 
salmon population.  Recent surveys have found that the hatchery weir does not 
completely block fall Chinook salmon passage.  Surveys in 2001 recorded 461 tule and 
4,387 upriver bright fall Chinook salmon adults in the Little White Salmon River below 
the hatchery weir (though there is very limited spawning habitat below the hatchery 
weir).  Tule fall Chinook salmon are thought to be remnants of tule fall Chinook salmon 
releases at LWS NFH and strays from Spring Creek NFH (Harlan 2004).  CWT samples 
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indicate that upriver bright fall Chinook salmon from the LWS NFH and the Oregon 
Department of Fish and Wildlife’s (ODFW) Bonneville Hatchery make up the majority 
of the fish below the barrier and some fish from releases into the Klickitat River are also 
present.  Note that upriver bright fall Chinook salmon are not considered part of the LCR 
Chinook Salmon ESU.  The Willamette/Lower Columbia Technical Recovery Team 
(WLCTRT) evaluated the status of populations in the LCR Chinook Salmon ESU and 
determined that for the Upper-Gorge fall-run Chinook salmon population (includes tule 
fall Chinook salmon spawning in tributaries to Bonneville Pool), the probability for 
population persistence was 0.85 or low (McElhany et al. 2004).

In the Salmonid Hatchery Inventory and Effects Evaluation Report (SHIEER), NMFS 
(2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon populations.  Included in the report is an evaluation of the four 
programs that release fish within the Upper Gorge Tributaries fall Chinook salmon 
population:  Spring Creek NFH tule fall Chinook salmon, Carson NFH spring Chinook 
salmon, LWS NFH URB fall Chinook salmon, and LWS spring Chinook salmon 
programs.  The report determined that the Spring Creek NFH tule fall Chinook salmon 
program provided a net benefit by slowing trends toward extinction by preserving genetic 
resources for populations above Bonneville Dam (NMFS 2004a).  The Carson NFH and 
the LWS NFH spring Chinook salmon programs achieved isolation and had a neutral 
effect on the Chinook salmon population and had limited interactions with listed Chinook 
salmon in the lower Wind River and local tributaries to the Little White Salmon River 
(NMFS 2004a).  The LWS NFH URB fall Chinook salmon program was identified as 
having a negative affect on the naturally spawning fall Chinook salmon, and identified 
the need for more monitoring to determine the level and extent of these impacts from 
naturally spawning program fish (NMFS 2004a).  However until habitat inundated by 
Bonneville Dam is restored, the Little White Salmon River cannot contribute to the 
recovery of Gorge Strata Chinook salmon populations. 

White Salmon River Chinook Salmon Populations
Anadromous fish habitat in the White Salmon River (the up-river extent of the LCR 
Chinook Salmon ESU) is limited to the 4.8 Rkms below Condit Dam (see Rawding 
2000b for description of the White Salmon River subbasin).  A falls at Husum, located at 
Rkm 12.9, was likely a partial barrier to some anadromous fish and the 20-foot falls at 
Rkm 25.8 is likely the upper extent of current anadromous potential; however, there is 
some historical evidence of anadromous fish reaching the Trout Lake Valley.  It is likely 
that the native run of spring Chinook salmon in the White Salmon River was extirpated 
after the failure of the Condit Dam fish ladder shortly after dam construction in 1917.
The natural spawning of tule fall Chinook salmon in the White Salmon River occurs 
below Condit Dam and was further limited by inundation by the pool behind Bonneville 
Dam in 1938.  The Condit Dam eliminated 90 percent of the tule fall Chinook salmon 
spawning habitat and continues to degrade habitat below the dam.  The spawning habitat 
below Condit Dam is further limited during the peak spawning period for tule fall 
Chinook salmon by operations at Bonneville Dam that raise the reservoir to maximum 
levels.  The reservoir level is later lowered to minimal ranges at a time that supports 
natural spawning of non-listed URB fall Chinook salmon.   

The WDFW has monitored the White Salmon River tule fall Chinook salmon population 
since 1964, and has noted a long-term decline in abundance.  The average spawning 
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escapement between 1964 and 1982 was estimated to be 1,290 fish per year (both natural 
and hatchery-origin).  Since 1982, the average spawning escapement estimate has 
dropped to approximately 210 naturally spawning fall Chinook salmon (hatchery and 
natural-origin) per year.  The WDFW updated the survey technique used to estimate 
escapement in 1980.  This may account for some of the difference in estimates.  In 2001, 
WDFW estimated an escapement at 1,668 adult tule fall Chinook salmon, the fourth 
largest return since 1965.  Spring Creek Hatchery tule fall Chinook salmon made up 82 
percent of this escapement.  Also present in the White Salmon River are URB fall 
Chinook salmon with a recent average escapement of 1,528 adults present in the basin.  
In 2001, a total of 2,416 adult URB fall Chinook salmon were counted in the basin.  
Based on CWT recoveries, the majority of these were from the LWS NFH releases 
(USFWS 2004i).  Estimates of the proportion of hatchery and natural-origin tule fall 
Chinook salmon in the White Salmon River was based on expansion of CWT recoveries 
(Figure 4). The WLCTRT evaluated the status of populations in the LCR Chinook 
Salmon ESU and determined that for the White Salmon River fall-run Chinook salmon 
population, the probability for population persistence was 0.86 or low (McElhany et al.
2004).

Figure 4. Estimated wild (natural-origin) and hatchery fall Chinook salmon escapement 
to the White Salmon River, 1992-2003 (USFWS 2004i). 

In the Salmonid Hatchery Inventory and Effects Evaluation Report (SHIEER), NMFS 
(2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon populations.  The report evaluated the effects of Spring Creek 
NFH tule fall Chinook salmon program fish on the White Salmon River fall Chinook 
salmon population.  The report determined that the Spring Creek NFH tule fall Chinook 
salmon program provided a net benefit by slowing trends toward extinction and by 
serving as a source for adults and broodstock for the reintroduction into the White 
Salmon River once Condit Dam is removed in 2008 (NMFS 2004a).  The LWS NFH 
URB fall Chinook salmon program was identified as having a negative affect on the 
naturally spawning fall Chinook salmon, and NMFS identified the need for more 
monitoring to determine the level and extent of these impacts from naturally spawning 
program fish (NMFS 2004a).  However, until habitat taken out of production by Condit 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 45

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 74 of 1903

1-SER-101

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 101 of 300
(105 of 992)



Dam and habitat inundated by Bonneville Dam is restored, the White Salmon River can 
contribute little to the recovery of Gorge Strata Chinook salmon populations. 

Wind River Subbasin
The Wind River supports natural spawning tule and URB fall Chinook salmon in the 3.4 
Rkm of habitat below the Shipherds Falls fish ladder.  Spawning may also occur in the 
Little Wind River but surveys have not been completed for this tributary.  Myers et al.
(2003) identified the tule fall Chinook salmon spawning in the Wind River as part of the 
Upper Gorge fall Chinook salmon population.  As with other tributaries to the Bonneville 
Pool, completion of the Bonneville Dam inundated the primary spawning habitat in the 
lower Wind River (Rawding 2000c).  Naturally spawning (natural and hatchery-origin) 
tule fall Chinook salmon abundance has been highly variable in the Wind River ranging 
from 0 in 1992 to 444 in 2001 with 10 year average of 117 adults (WDFW 2003).  Using 
CWT information, WDFW has estimated that 10 percent of the naturally spawning tule 
fall Chinook salmon are from Spring Creek NFH releases.  Smolt trap data indicate that 
fall Chinook salmon are successfully spawning in this reach.  Stray URB fall Chinook 
salmon from the LWS NFH and ODFW’s Bonneville Hatchery releases have been 
observed in the Wind River and natural production of URB fall Chinook salmon occurs.  
URB fall Chinook salmon tend to spawn later than tule fall Chinook salmon, with recent 
escapements averaging 292 adults, with a range from 25 to 953 adults (WDFW 2003a).
The WLCTRT evaluated the status of populations in the LCR Chinook Salmon ESU and 
determined that for the Upper-Gorge fall-run Chinook salmon population (includes tule 
fall Chinook salmon spawning in tributaries to Bonneville Pool), the probability for 
population persistence was 0.85 or low (McElhany et al.  2004). 

In the Salmonid Hatchery Inventory and Effects Evaluation Report (SHIEER), NMFS 
(2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon populations.  The report evaluated the Carson NFH spring 
Chinook salmon program that releases fish within the Upper Gorge Tributaries fall 
Chinook salmon population.  The Carson NFH spring Chinook salmon program had a 
neutral effect on the Chinook salmon population and had limited interactions with listed 
Chinook salmon in the lower Wind River (NMFS 2004a).   

Hood River Fall Chinook Salmon Population
Tule fall Chinook salmon spawn and rear in the Hood River basin.  Spawning surveys in 
the area below Powerdale Dam (Rkm 7.2) have been sporadic in recent years and are 
difficult due to glacial runoff (see Coccoli and Jennings 2000 for description of the Hood 
River subbasin).  Dam counts from 1992 to 1999 indicate that on average, 24 fall 
Chinook salmon escape annually above Powerdale Dam.  Scale analysis estimates that 80 
percent of these are naturally produced fall Chinook salmon, but there is a concern that 
hatchery tule fall Chinook salmon released as fry and subyearlings can not be reliably 
distinguished from naturally produced fall Chinook salmon based on scale analysis.  The 
WLCTRT evaluated the status of populations in the LCR Chinook Salmon ESU and 
determined that for the Hood River fall-run Chinook salmon population, the probability 
for population persistence was 0.95 or low (McElhany et al. 2004). 

Clackamas River Fall Chinook Salmon Population 
The lower Clackamas River population of fall Chinook salmon consists of early run tule 
that are thought to have originated from hatchery fall Chinook salmon first released into 
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the Clackamas subbasin in 1952 (Murtagh et al. 1992).  Fall Chinook salmon are not 
known to use Eagle Creek due to passage constraints created by low water conditions at 
the mouth and lower falls during adult migration periods (D. Dysart, Eagle Creek NFH, 
personal communication, 2002).  Specific information on adult run timing for native fall 
Chinook salmon in the Clackamas River subbasin was not available but is thought to be 
similar to passage timing of adults at Willamette Falls.  In 1999, adult fall Chinook 
salmon passed over Willamette Falls from mid-August through late September with peak 
passage from early to mid-September (Foster 2001). 

Native fall Chinook salmon are thought to spawn in the lower main stem Clackamas 
River below River Mill Dam and in the lower reaches of Clear Creek, a tributary to the 
Clackamas River (Murtagh et al. 1992)( see also Bastasch et al. 2002 for an detailed 
description of the Clackamas River subbasin).  On the Clackamas River, fall Chinook 
salmon spawn from mid-September through early October (Foster 2001).  The estimated 
fall Chinook salmon run of both natural and hatchery-origin to the Clackamas River 
subbasin averaged 840 adults annually from 1981 to 1991 (Murtagh et al. 1992).
Spawning ground surveys were resumed in 1998 for fall Chinook salmon.  A total of 80 
fish and 57 redds were observed in the area below River Mill Dam.  In 1999, surveyors 
observed only 8 fish and 5 redds, and recovered a CWT that indicated that the tagged fish 
was actually an spring Chinook salmon from the McKenzie River.  In 2000, a total of 21 
fish and 14 redds were observed, and again a CWT was recovered indicating that the 
tagged fish was a spring Chinook salmon from the Clackamas Fish hatchery.  The 
recovery of CWT spring Chinook salmon when sampling fall Chinook salmon in the 
lower Clackamas River complicates estimates of fall Chinook salmon abundance in the 
Clackamas River.  The WLCTRT evaluated the status of populations in the LCR Chinook 
Salmon ESU and determined that for the Clackamas River fall-run Chinook salmon 
population, the probability for population persistence was 1.01 or low (McElhany et al.
2004).

3.1.2 UWR Chinook Salmon ESU 

Historically, there were five major basins that produced spring Chinook salmon including 
the Clackamas, North and South Santiam, McKenzie, and Middle Fork Willamette Rivers 
(Figure 5).  Dams on the North and South Fork Santiam and Middle Fork Willamette 
Rivers eliminated wild spring Chinook salmon in those systems (ODFW 1998b).  
Although there is still some natural spawning in these systems below the dams, habitat 
quality is such that there is little resulting production and the spawners are likely of 
hatchery origin.  Populations in several smaller tributaries that also used to support spring 
Chinook salmon are believed to be extinct (Nicholas 1995).  The McKenzie, Clackamas, 
and North Santiam are therefore the primary basins that continue to support natural 
populations (Figure 5).  Of these the McKenzie is considered the most important.  Prior 
to construction of major dams on Willamette River tributaries, the McKenzie produced 
40 percent of the spring Chinook salmon above Willamette Falls and it may now account 
for half the production potential in the Basin.  All of the Spring Chinook salmon hatchery 
programs in these basins are included in the Upper Willamette River Chinook Salmon 
ESU (70 FR 37160) 
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Willamette River

Figure 5.  Historical populations of spring Chinook salmon in the Upper Willamette 
River ESU (Myers et al. 2003). 

Upper Willamette River Chinook salmon are one of the most genetically distinct groups 
of Chinook salmon in the Columbia River Basin.  This may be related in part to the 
narrow time window available for passage above Willamette Falls.  Upper Willamette 
spring Chinook salmon populations exhibit features of both the ocean-type and stream 
life history types.  Their far northerly ocean migration pattern into British Columbia and 
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Alaska is more consistent with an ocean-type life history.  The available information 
indicates juveniles emigrate predominantly as two year old juvenile salmon, however, 
most of the data are from returning hatchery adults and may not accurately reflect the 
pattern of natural fish.  Adults mature from three to five years of age, primarily returning 
as four and five year olds (Myers et al. 1998).  Spring Chinook salmon from the 
Willamette River have the earliest return timing of Chinook salmon stocks in the 
Columbia Basin with freshwater entry beginning in February.  Historically, spawning 
occurred between mid-July and late October.  However, the current spawn timing of 
hatchery and wild Chinook salmon in September and early October maybe due to 
hatchery fish introgression. 

The abundance of naturally produced spring Chinook salmon in the ESU has declined 
substantially from historic levels.  Historic escapement levels may have been as high as 
200,000 fish per year (Myers et al. 1998).  Total abundance has been relatively stable at 
approximately 20,000 to 30,000 fish.  From 1946-50, the geometric mean of Willamette 
Falls counts for spring Chinook salmon was 31,000 fish, which represented primarily 
naturally produced fish.  The 1996-2000 average total escapement above the falls was 
32,500 fish, but this was comprised predominantly of hatchery-produced fish (NMFS 
2001a).  Natural escapement is less than 5,000 fish and about two-thirds of the natural 
spawners are estimated to be first-generation hatchery fish.  Recent escapements have 
improved with returns of hatchery and natural-origin adults over the Willamette Falls of 
83,100 in 2002, 87,700 in 2004, and 35,453 in 2005.

Although the escapement of natural-origin adults is substantially depressed compared to 
historical returns, the number of spring Chinook salmon spawning naturally has gradually 
increased in recent years (NMFS 2001a).  The number of natural-origin fish crossing 
Leaburg Dam has increased steadily from 800 in 1994 to about 1,400 in 1999 and 2,000 
in 2000, reaching over 5,500 in 2003, compared with the interim escapement goal of 
3,000-5,000 (ODFW 1998b).  Most of the natural production in the Clackamas River 
occurs above the North Fork Dam with 900 to 2,200 adults crossing the Dam in recent 
years, compared with an interim escapement goal of 2,900 adults (ODFW 1998b).  
Returns to North Fork Dam reached 9,900 in 2003.  

Over 70 percent of the production capacity of the North Santiam system was blocked by 
the Detroit Dam.  There are no passage facilities at the Dam so all of the current natural 
production potential remains downstream.  There were 194 redds counted in this area in 
1998, 221 in 1999 and 345 in 2000, compared to an average of 140 in the 1996 and 1997 
years (ODFW and WDFW 2000; ODFW 2001a).  McElhany et al. (2004) concluded that 
90 percent of the naturally spawning adults were hatchery-origin. 

The primary cause of decline of Chinook salmon in this ESU is the blockage of access to 
large areas of spawning and rearing habitat by dam construction.  The remaining habitat 
has been degraded by thermal effects of dams, forestry practices, agriculture, and 
urbanization.  Another concern for this ESU is that commercial and recreational harvest 
were high, relative to the apparent productivity of natural populations (Myers et al.
1998).  In 2001, Oregon began selective fisheries that require the release of all natural-
origin fish from its terminal area recreational fisheries (identified by an unclipped adipose 
fin).  The recreational fisheries in the Willamette River are currently managed under a 
Fisheries Management and Evaluation Plan (ODFW 2001a).  The fisheries now target the 
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returning hatchery spring Chinook salmon that are externally marked with an adipose fin-
clip.  The current harvest impacts on Upper Willamette River spring Chinook salmon in 
freshwater commercial and recreational fisheries is expected to be less than 15 percent of 
the total annual return of natural-origin adults.  ODFW (2001a) evaluated different 
harvest rates for Upper Willamette spring Chinook salmon and determined that harvest 
rates on natural-origin fish that were less than 15 percent (assuming poor productivity 
and accounting for ocean harvest impacts) would ensure the survival and rebuilding of 
these populations.  This harvest regime has reduced harvest mortality by 70 percent from 
historic levels, and harvest is no longer considered a limiting factor.   

Substantial efforts have already been taken to remedy some of the past hatchery practices 
including limiting the proportion of hatchery spawners in some natural production areas, 
and reincorporating local-origin wild fish into the hatchery broodstock (ODFW 1998b).  
The introduction of fall-run Chinook salmon into the basin and the laddering of 
Willamette Falls have increased the potential for genetic introgression between wild 
spring- and hatchery fall-run Chinook salmon, but there is no direct evidence of 
hybridization between these two runs.

The West Coast Salmon Biological Review Team (WCSBRT) concluded that Chinook 
salmon in this ESU are not presently in danger of extinction but are likely to become so 
in the foreseeable future and noted a similarity between population dynamic parameters 
of UWR Chinook salmon and those for the Upper Willamette River steelhead DPS, 
which was recently listed as threatened by NMFS (WCSBRT 2003). 

Clackamas River Spring Chinook Salmon Population 
In 1999, ODFW estimated that 8,300 spring Chinook salmon entering the Willamette 
River were bound for the Clackamas River (Foster 2001).  Counts at the North Fork Dam 
(Rkm 49.9) provide an index of spawning escapement.  In 1999, of the 8,300 spring 
Chinook salmon entering the Clackamas River, 988 were thought to be natural-origin 
spawners, 888 of which were counted at the North Fork Dam.  This was the lowest 
natural escapement above North Fork Dam since 1979.  The ten-year (1989-99) average 
adult spring Chinook salmon escapement above North Fork Dam is 2,500 natural and 
hatchery-origin fish.  Spring Chinook salmon are produced at the Clackamas Hatchery 
(Rkm 37) located on Dog Creek in McIver Park down stream of North Fork Dam.  
Hatchery and wild fish could not be distinguished until 2002, when all returning hatchery 
fish were externally marked with an adipose fin-clip (ODFW 2001a).  See Bastasch et al.
(2002) for a detailed description of the Clackamas River subbasin and factors effecting 
UWR spring Chinook salmon. 

The return of adult upper Willamette River spring Chinook salmon to the Clackamas 
River is monitored by Portland General Electric (PGE) at the North Fork Dam.  Adults 
start moving over the dam in May and June with the peak occurring in July, August and 
September.  The run continues through October with generally only a few adults 
ascending the dam in November (Murtagh et al. 1992; Taylor 1999).  Because these fish 
hold downstream of North Fork Dam, run timing, as observed at the dam, is delayed in 
comparison to Eagle Creek.  Adult spring Chinook salmon returning to spawn in Eagle 
Creek or its tributaries would be expected to hold in Eagle Creek starting in May until the 
fall when they spawn in late August through October. 
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Intensive spawning surveys were conducted by ODFW (King et al. 2000) in the 
Clackamas River basin from 1996 through 1998 to document the timing, distribution and 
abundance of natural spawning.  These surveys found that an average of 85 percent of the 
spring Chinook salmon redds were deposited in the main stem Clackamas River above 
the North Fork Dam, with about 15 percent being deposited in the upper tributaries.
Spring Chinook salmon also spawn downstream of the North Fork Dam on the 
Clackamas River but at much lower numbers.  Surveys in 1998 estimated that the lower 
Clackamas River below River Mill Dam accounted for 11 percent of the total redds 
deposited (King et al. 2000); Eagle Creek was not surveyed.  On the upper Clackamas 
River, spring Chinook salmon generally begin spawning in late August, with peak 
spawning activity occurring in September and October (Taylor 1999).  Spawning 
historically occurred in Eagle Creek (King et al. 2000) and would also be expected to 
start in August and continue through October.

Juvenile spring Chinook salmon (age 0+) would be expected to rear in Eagle Creek 
throughout the year.  An unknown percentage of juveniles (age 0+) may move 
downstream to the Clackamas River during the summertime and then back upstream into 
their natal tributary to over winter (Everest et al. 1986).  Some fall migrants (age 1+) may 
continue to rear in the lower Clackamas and Willamette Rivers until the following spring 
before emigrating to the ocean.  In 1999, a total of 113 salmonid fry (< 50 mm FL) were 
collected from mid-March to mid-June at the North Fork Eagle Creek screw trap and only 
one of these was identified as being a juvenile Chinook salmon (Lumianski 2000).  In 
2000, a total of 275 salmonid fry were collected from the North Fork Eagle Creek by 
screw trap.  None of these were identified as being juvenile Chinook salmon in the report 
(Strobel and Hansen 2001).

The number of spring Chinook salmon smolts out-migrating from the upper Clackamas 
River has been monitored since 1959 by PGE at their North Fork Dam fish facility (King 
et al. 2000).  In 1999, a total of 4,305 juveniles passed over the North Fork Dam, 
compared to the 10-year (1989-98) average of 13,600.  Peak downstream movement of 
naturally produced juveniles past the North Fork Dam is in May.  In 1999, 2,336 wild 
spring Chinook salmon juveniles (54 percent) passed over the dam in May.  A second 
out-migration of the wild smolts occurs in October and November (Murtagh et al. 1992).
Outmigration timing for juvenile spring Chinook salmon smolts on Eagle Creek is 
expected to follow the same pattern as found on the Clackamas River.  

Spring Chinook salmon were produced and released from Eagle Creek NFH from the 
start of production in 1958 through brood year 1991.  Since stopping the program, a 
handful of spring Chinook salmon adults are still observed or recovered at the hatchery 
rack.  Releases of hatchery spring Chinook salmon into Eagle Creek resumed in 2005.  
The WLCTRT evaluated the status of populations in the Upper Willamette River 
Chinook Salmon ESU and determined that, for the Clackamas River spring Chinook 
salmon population, the probability for population persistence was 1.66 or moderate 
(McElhany et al. 2004). 

NMFS (2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon populations.  The report evaluated the Clackamas River spring 
Chinook salmon program that releases fish into the Clackamas River and determined that 
the program has increased the abundance of the population, maintained the spatial 
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structure, and may have negatively affected diversity through simplification of life-
history patterns but with the removal of hatchery spring Chinook salmon from the main 
spawning population above the North Fork Dam, this will limit influence from the 
hatchery program (NMFS 2004a)  

3.2 Steelhead (O. mykiss)

Steelhead in North America occur from Northwestern Mexico to the Kuskokwim River in 
Alaska (Lichatowich 1999).  Steelhead exhibit more complex life history traits than other 
Pacific salmonid species. Some forms of steelhead are anadromous, while others, called 
rainbow or redband trout, reside permanently in freshwater.  Anadromous steelhead 
reside in freshwater for as long as seven years before moving to the ocean.  Steelhead 
typically reside in marine waters for two to three years before returning to their natal 
stream to spawn at four or five years of age.  Some Oregon and California populations 
include “half-pounders” that migrate from the ocean to freshwater and return to the ocean 
without spawning (Busby et al. 1996). 

Steelhead can be divided into two basic run types based on the level of sexual maturity at 
the time of river entry and the duration of the spawning migration (Burgner et al. 1992).
The stream-maturing type (inland), or summer steelhead, enters freshwater in a sexually 
immature condition and requires several months in freshwater to mature and spawn.  The 
ocean-maturing type (coastal), or winter steelhead, enters freshwater with well-developed 
gonads and spawns shortly after river entry (Barnhart 1986).  Variations in migration 
timing exist between populations.  Both summer and winter steelhead occur in British 
Columbia, Washington and Oregon; Idaho has only summer steelhead; California is 
thought to have only winter steelhead (Busby et al. 1996).  In the Pacific Northwest, 
summer steelhead enter freshwater between May and October, and winter steelhead enter 
freshwater between November and April. 

Steelhead are iteroparous, or capable of spawning more than once before death.
Steelhead spawn in cool, clear streams with suitable gravel size, depth, and current 
velocity.  Intermittent streams may also be used for spawning (Barnhart 1986, Everest 
1973).  Steelhead enter streams and arrive at spawning grounds weeks or even months 
before they spawn and are vulnerable to disturbance and predation.  Cover, in the form of 
overhanging vegetation, undercut banks, submerged vegetation, submerged objects such 
as logs and rocks, floating debris, deep water, turbulence, and turbidity (Geiger 1973) is 
required to reduce disturbance and predation of spawning steelhead.  Summer steelhead 
usually spawn further upstream than winter steelhead (Withler 1966; Behnke 1992).  
Juveniles typically rear in freshwater from 1 to 4 years before migrating to the ocean.  
Winter steelhead generally smolt after 2 years in freshwater (Busby et al. 1996).
Steelhead typically reside in marine waters for 2 or 3 years before returning to their natal 
stream to spawn at 4 or 5 years of age. 

Based on catch data, juvenile steelhead tend to migrate directly offshore during their first 
summer, rather than migrating nearer to the coast as do salmon.  During fall and winter, 
juveniles move southward and eastward (Hartt and Dell 1986).  Available fin-mark and 
coded-wire tag data suggests that winter steelhead tend to migrate farther offshore but not 
as far north into the Gulf of Alaska as summer steelhead (Burgner et al. 1992).  Maturing 
Columbia River steelhead are found off the coast of Northern British Columbia and west 
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into the North Pacific Ocean (Busby et al. 1996).  At the time adults are entering 
freshwater, tagging data indicate that immature Columbia River steelhead are out in the 
mid-North Pacific Ocean.  

3.2.1 LCR Steelhead DPS 

The LCR Steelhead DPS includes all naturally produced steelhead in tributaries to the 
Columbia River between the Cowlitz and Wind Rivers in Washington and the Willamette 
and Hood Rivers in Oregon, excluding steelhead in the upper Willamette River above 
Willamette Falls (Upper Willamette DPS) (Busby et al. 1996)(Figures 6 and 7).
Steelhead in this DPS belong to the coastal genetic group (Schreck et al. 1986; 
Reisenbichler et al. 1992; Chapman et al. 1994) and include both winter steelhead 
(Cowlitz, Toutle, Coweeman, Kalama, Washougal, Sandy, Hood, Clackamas and Wind 
Rivers) and summer steelhead (Kalama, Lewis, Hood, Wind, and Washougal Rivers).  
The Willamette/Lower Columbia River Technical Recovery Team (Myers et al. 2003), 
identified 23 historical populations within the DPS and estimated that four historic 
populations have been extirpated (Figures 6 and 7).  Hatchery programs using endemic 
natural stocks of winter steelhead have been developed in the Cowlitz, Sandy, Kalama, 
and Hood River basins and are considered to be part of the DPS (71 FR 834). 

No estimates of historical abundance (pre-1960s) specific to this DPS are available.  A 
conservative estimate of current abundance puts the average run size at greater than 
16,000 natural and hatchery-origin adults. Abundance trends are mixed and possibly 
affected by short-term climate conditions.  At the time of NMFS’ status review, the 
majority of stocks for which data are available within this DPS were declining, although 
several had increased strongly.  The strongest upward trends in abundance were those of 
either non-native stocks (Lower Willamette River and Clackamas River summer 
steelhead) or stocks recovering from major habitat disruption and still at low abundance 
(mainstem and North Fork Toutle River)(Busby et al. 1996).  Since 1996 when the status 
review was completed, listed Lower Columbia River steelhead populations have 
generally increased, with some populations rebounding more quickly than others. 

Busby et al. (1996) identified a number of factors contributing to the decline of steelhead 
in this DPS.  These included the magnitude of hatchery production, habitat blockages 
from dams, and habitat degradation from logging and urbanization.  The widespread 
production of hatchery steelhead within this DPS (hatchery contribution in some areas 
over 50 percent) negatively affected summer and winter steelhead stocks, where there 
appears to be substantial overlap in spawning between hatchery and natural fish (Busby 
et al. 1996).  Most of the hatchery stocks originate from stocks within the DPS, but many 
are not native to local river basins.  Because of their limited distribution in upper 
tributaries and the urbanization surrounding the lower tributaries (e.g., the lower 
Willamette, Clackamas, and Sandy Rivers run through Portland, Oregon, or its suburbs), 
summer steelhead appear to be more at risk from habitat degradation than winter  
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Figure 6.  Historical winter steelhead populations in Lower Columbia River Steelhead 
DPS (Myers et al. 2003). 

Figure 7.  Historical summer steelhead populations in the Lower Columbia River 
Steelhead DPS (Myers et al. 2003). 
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steelhead.  Harvest rates have ranged from 20 percent to 50 percent of the total run, but 
harvest rates on naturally produced fish have dropped to between 0 percent to 4 percent 
in recent years due to regulation changes protecting both adults and juvenile steelhead. 

Some populations in the DPS, particularly summer-run steelhead populations, have 
shown increases in abundance in the last 2 to 3 years.  However, population abundance 
levels remain small (no population has a recent 5-year mean abundance greater than 750 
spawners).  WCSBRT (2003) could not conclusively identify a single population that is 
naturally viable.  A number of populations have a substantial fraction of hatchery-origin 
spawners, are hypothesized to be sustained largely by hatchery production.  Long-term 
trends in spawner abundance are negative for seven of the nine populations for which 
there is sufficient data, and short-term trends are negative for five of seven populations.
Estimates of escapement for the steelhead fishery in the LCR DPS are based on in-river 
and estuary recreational-fishing reports.  The WCSBRT (2003) concluded that the DPS is 
“likely to become endangered with the foreseeable future.”  

The major area of uncertainty in this evaluation is the degree of interaction between 
hatchery and natural steelhead within the DPS.  Hatchery production of steelhead is 
widespread within this DPS and for several populations the hatchery composition has 
been estimated to average more than 50 percent hatchery fish in the natural escapement.  
The number and spawning time of hatchery-origin steelhead spawning naturally has been 
changing over time and varies between populations within the DPS.  For example, for the 
winter steelhead populations in Washington, the WDFW concludes that there is little 
overlap in spawning between natural and hatchery populations of winter steelhead (i.e., 
hatchery-origin steelhead spawning naturally are largely isolated from natural-origin 
steelhead spawners).  However, with the exception of detailed studies of the Kalama 
River winter populations, this is based largely on models with assumed run timing rather 
than empirical data.  Alternatively, for hatchery and natural summer steelhead in 
Washington tributaries, WDFW concludes that there is apparently a strong overlap in 
spawn timing.  There is very little to no information regarding potential spawning 
separation between hatchery and natural fish in Oregon tributaries of the lower Columbia 
River (Busby et al. 1996).   However, Chicote (2001) and Kostow and Zhou (2006) have 
observed adverse interactions between naturally spawning hatchery summer steelhead 
and natural-origin winter steelhead in the Clackamas River, that have reduced the 
productivity of the natural-origin winter population.

Wind River Summer and Winter Steelhead Populations
Natural spawning of summer and winter steelhead in the Wind River occurs in the upper 
reaches of Trout Creek and Panther Creek and in the lower reaches of nearly every major 
tributary (Rawding 2000c).  Myers et al. (2003) identified the returning Wind River 
summer steelhead as being a separate population, with the naturally spawning winter 
steelhead as being part of the Upper Gorge winter steelhead population.  Trout Creek 
accounted for a large amount of the natural production, but recently annual adult returns 
to Trout Creek have declined from over 100 in the 1980s to less than 30 in the 1990s.
Prior to construction of the ladder at Shipherd Falls, summer steelhead were the only 
anadromous salmonid known to pass the falls successfully.  The size of the historical 
spawning populations was not well documented, but historic run size has been estimated 
at 2,500 steelhead (Bryant 1951).  The current escapement goal for wild summer 
steelhead is 1,000 adults, was most recently met in the mid-1980s.  In 1999, WDFW 
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initiated a mark-recapture study for wild summer and winter steelhead.  Preliminary 
estimates indicated less than 200 wild summer steelhead returned in 1999 (Rawding 
2000c).  Based on redd and snorkel surveys the abundance of wild summer steelhead has 
declined since the late 1980s.  Data from these surveys serve as an index of population 
strength and change, rather than estimates of population numbers because redd surveys 
cover a small proportion of the basin and snorkel surveys occurred before the entire run 
entered the basin.  Currently, the natural-origin winter steelhead population escapement 
was estimated to be less than 30 adults.  Natural-origin steelhead smolt production has 
been monitored for the entire subbasin and in key tributaries since 1995.  Steelhead smolt 
yields for the basin since the beginning of sampling has been increasing (Rawding 
2000c).

Skamania stock summer steelhead (a domesticated hatchery stock not considered part of 
the LCR Steelhead DPS) have been released in the Wind River watershed above 
Shipherd Falls almost every year beginning in 1960.  Releases of smolts were suspended 
in the early 1980s when Washington Department of Game began managing the Wind 
River intensively for wild summer steelhead. Releases of adipose-clipped smolts were 
reinstated in the mid-1980s and the river was managed under catch-and-release 
regulations for wild steelhead.  Due to concerns about negative ecological and genetic 
interactions with wild steelhead, hatchery releases of catchable trout were discontinued in 
1994 and releases of hatchery steelhead were discontinued in 1997.  An adult trap has 
been operated at Rkm 3.2 on Trout Creek since 1993, and hatchery fish have been 
excluded from this tributary to preserve and maintain genetic diversity of the wild stock.
Recent genetic analyses by WDFW indicated genetic differences between hatchery and 
wild steelhead have been maintained.  Due to the lack of reproductive success of the 
Skamania hatchery strain in the wild, the exclusion of hatchery fish in Trout Creek, and 
the results of the genetic analyses, WDFW believes that natural production in the 
watershed is primarily sustained by wild fish (Rawding 2000c).  The WLCTRT evaluated 
the status of populations in the LCR Steelhead DPS and determined that for the Upper-
Gorge winter-run population and the Wind River summer-run population the probability 
for population persistence was 1.07 or low and 1.85 or moderate, respectively (McElhany 
et al. 2004). 

Clackamas River Winter Steelhead Population
The Clackamas River is the principal spawning and rearing area for the portion of this 
DPS that pass through the Lower Willamette River and only the late-run winter steelhead 
population is included in the DPS (Busby et al. 1996; see also Bastasch et al. 2002).  The 
Eagle Creek NFH winter steelhead program was not considered to be part of the DPS (71 
FR 834).  Adult winter steelhead migrate up the Clackamas River starting in November 
with low numbers being counted at the North Fork Dam (Rkm 49.9), on the Clackamas 
River from November through February.  Greater numbers of native, winter-run 
steelhead occur at the North Fork Dam starting in March, with the peak of the adult 
migration occurring in April and May usually ending in June (Murtagh et al. 1992).  The 
timing of adult Lower Columbia River winter-run steelhead on Eagle Creek and its 
tributaries is expected to be nearly the same as that documented on the Clackamas River. 
Adults from this DPS would be expected in Eagle Creek from November through mid-
June, with a peak in March, April and May. 
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From April 12 through May 30, 2000 the hatchery staff operated a trap in the lower 
ladder of Eagle Creek located downstream from the mouth of the North Fork of Eagle 
Creek (Rkm 9.66).  Sampling was completed by the USFWS to document the number of 
natural-origin and hatchery steelhead passing the site and collect tissue samples (partial 
fin clip preserved in alcohol) for genetic analysis.  A total of 88 unmarked natural-origin 
and 17 marked hatchery fish were observed over the time period sampled.  A genetic 
analysis of the unmarked natural-origin fish, ODFW Clackamas hatchery F1 X natural-
origin crosses, Eagle Creek NFH, and ODFW Big Creek hatchery stocks was conducted 
by Don Campton, USFWS Regional Geneticist (D. Campton, USFWS, personal 
communication, February 22, 2001).  Looking at data from 19 loci, all four groups were 
determined to be distinct from each other (information presented at Eagle Creek NFH 
coordination meeting, 02/22/01). 

Within the Eagle Creek watershed, native winter-run steelhead spawn primarily in the 
North Fork of Eagle Creek, the lower 0.3 miles of Bear Creek, and in the lower two miles 
of Little Eagle Creek (USFS 1995).  No spawning survey data was found pertaining to 
the mainstem of Eagle Creek, however, suitable spawning habitat may be present in 
Delph Creek (a tributary of Eagle Creek) and the mainstem Eagle Creek downstream of 
the hatchery.  Native winter-run steelhead begin spawning in April with peak spawning 
occurring in May.  Spawning is completed by mid-June (Murtagh et al. 1992). 

The timing and number of juvenile steelhead (fry and parr) as well as smolts moving 
downstream from North Fork Eagle Creek was monitored by the Pacific Northwest 
Research Station (PNW) via five-foot rotary screw traps (Strobel and Hansen 2001; 
Lumianski 2000).  In 2000, it was estimated that a total of 5,822 steelhead juvenile 
migrants (fry and parr) left North Fork Eagle Creek compared to 8,162 in 1999.  Peak 
capture date for juvenile steelhead was May 31 and May 6 in 1999 and 2000, respectively 
(Strobel and Hansen 2001; Lumianski 2000).  The mean length of steelhead parr and fry 
was 99.6 mm and 100.6 mm in 1999 and 2000, respectively.  An unknown percentage of 
these migrating juveniles would be expected to rear in the mainstem Eagle Creek 
throughout the summer. 

Juvenile steelhead smolt in the spring and emigrate downstream in March through June 
(Murtagh et al. 1992).  In 2000, screw traps were operated on the North Fork Eagle Creek 
from March 17 through June 14.  The 2000 steelhead smolt population estimate for North 
Fork Eagle Creek was 2,248, about 40 percent below the 1999 estimate (3,750) and 
approximately 10 percent below the mean for all estimates since 1998 (Strobel and 
Hansen 2001).  In 2000, outmigrating smolts were collected from March 17 through June 
8, with the greatest number of outmigrating steelhead smolts being captured between 
March 31 and May 11.  In 2000, the peak capture date occurred on April 9 (Strobel and 
Hansen 2001), while in 1999 the peak capture date was May 24 (Lumianski 2000).  The 
mean length of outmigrating steelhead smolts was 157.6 mm and 155.7 mm fork length 
(FL) in 1999 and 2000, respectively.  Steelhead smolts from this ESU are predominately 
2+ years of age and typically move rapidly downstream to the ocean (Busby et al. 1996).
The WLCTRT evaluated the status of populations in the LCR Steelhead DPS and 
determined that for the Clackamas River winter-run steelhead population the probability 
for population persistence was 1.54 or moderate (McElhany et al. 2004). 
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NMFS (2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon and steelhead populations.  The report evaluated the Eagle 
Creek NFH winter steelhead program that releases fish into the Clackamas River.  The 
report determined that net affect of this program on the Clackamas River late-run winter 
steelhead population is neutral.  The program hatchery-origin winter steelhead are 
temporally and spatially segregated from the natural-origin late winter steelhead (NMFS 
2004a).

3.2.2 Middle Columbia River Steelhead DPS 

This DPS includes all naturally produced steelhead in the Columbia River Basin 
upstream of the Wind River in Washington and the Hood River in Oregon (exclusive) to 
the Yakima River in Washington.  Excluded are steelhead from the Snake River Basin 
(Busby et al. 1996)(Figure 8).  The MCR Steelhead DPS includes the only populations of 
inland winter steelhead in the United States (in the Klickitat River, Rock Creek, White 
Salmon River, Washington, and Fifteenmile Creek, Oregon)(Figure 8).  The summer-run 
stocks generally enter freshwater from May through October (Busby et al 1996) with 
peak entry occurring in July.  The Interior Columbia Technical Recovery Team (ICTRT) 
identified 19 populations within the DPS (15 summer-run and 4 winter-run steelhead).  In 
addition the ICTRT identified the historical populations that have been extirpated due to 
dam construction in the Deschutes River Basin, in Willow Creek (ICTRT 2004).  Within 
the DPS, the Klickitat and White Rivers are unusual in that they produced both summer 
and winter steelhead.  The Round Butte Hatchery program (Deschutes River), the 
Umatilla River hatchery program, and the endemic summer steelhead program in the 
Touchet River are considered to be part of the MCR DPS (71 Fr 834). 

Most fish in this DPS smolt at two years and spend one to two years in salt water before 
re-entering fresh water, where they may remain up to a year before spawning (Howell et
al. 1985; BPA 1992).  Age-2-ocean steelhead dominate the summer steelhead run in the 
Klickitat River, whereas most other rivers with summer steelhead produce about equal 
numbers of age 1- and 2-ocean fish.  Juvenile life stages (i.e., eggs, alevins, fry, and parr) 
inhabit freshwater/riverine areas throughout the range of the DPS.  Parr usually undergo a 
smolt transformation as 2-year-olds, at which time they migrate to the ocean.  A non-
anadromous form of O. mykiss (redband trout) co-occurs with the anadromous form in 
this DPS, and juvenile life stages of the two forms can be very difficult to differentiate. In 
addition, hatchery steelhead are also distributed throughout the range of this DPS.

The historical abundance in the DPS may have been in excess of 300,000 (Busby et al.
1996).  The total abundance was estimated at about 200,000 by the early 1980's, and by 
the early 1990's average abundance was 142,000 with 39,000 naturally produced.  Total 
steelhead abundance in the DPS appears to have been increasing recently and the 
naturally produced component has been relatively stable.  However, the majority of 
natural stocks for which there are data within this DPS, has been declining, including 
those in the John Day River, which is the largest producer of natural-origin steelhead in 
the DPS.  Total run size for the John Day River is probably in excess of 5,000 fish 
(Busby et al. 1996).  Since 1998, total run size to the John Day River has increased from 
6,300 to over 24,000 in 2002.  There is particular concern about Yakima River and winter 
steelhead stocks.  Winter steelhead are reported within this DPS only in the Klickitat 
River, Rock Creek, and Fifteenmile Creek, and therefore represent an important unique 
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life history form; they may be extirpated from the White Salmon River.  The ICTRT has 
indicated that the winter steelhead populations in the Klickitat River and Fifteenmile 
Creek need to be viable for the DPS to reach recovery (ICTRT 2004).  No abundance 
information exists for winter steelhead in the Klickitat River, but winter steelhead are 
reported to have been declining in abundance in Fifteenmile Creek.  Escapement trends 
for natural summer and winter steelhead have been variable over the last few years and 
are still below historic levels. 

There is widespread production of hatchery steelhead within this DPS, but it is largely 
based on within-basin stocks.  The exceptions are the release of Skamania-stock summer 
steelhead into the Klickitat River and White Salmon River, the release of Skamania –
stock winter steelhead into the White Salmon River, and the release of Lyons Ferry 
Hatchery-stock summer steelhead into the Walla Walla River Basin (see Walla Walla 
River summer steelhead HGMP (USFWS 2002b).  In 2003, the WCSBRT reviewed the 
status of MCR steelhead and concluded that based on their evaluation of natural 
populations, the DPS remained in the “likely to become endangered” category (i.e., 
threatened).  The BRT identified that “…the status of different populations within the 
[DPS] varies greatly.  On the one hand, the abundance in two major basins, the Deschutes 
and John Day, is relatively high, and, over the last 5 years, is close to or slightly over the 
interim recovery targets (NMFS 2002b).  On the other hand, steelhead in the Yakima 
basin, once a large producer of steelhead, remain severely depressed (10 percent of the 
interim recovery target), in spite of increases in the last 2 years.  Furthermore, in recent 
years, escapement to spawning grounds in the Deschutes River has been dominated by 
stray, out-of-basin (and largely out-of-DPS) fish - which raises substantial questions 
about genetic integrity and productivity of the Deschutes population.”  The BRT 
concluded that the relatively abundant and widely distributed resident fish mitigated 
extinction risk in this DPS somewhat.  However, due to significant threats to the 
anadromous component the majority of BRT members concluded the DPS was likely to 
become endangered (i.e., threatened) (WCSBRT 2003).  

The ICTRT (2006) described the gap in abundance and productivity between the current 
status and ICTRT abundance and productivity goals for MCR steelhead.  The MCR 
Steelhead DPS is divided into four Major Production Groups (MPGs): Eastern Cascades, 
John Day Basin, Umatilla/Walla Walla, and Yakima River (ICTRT 2004).  For the 
Eastern Cascades, four of the historical populations need to meet low risk viability 
criteria, while the remaining populations must be maintained.  The median survival gap 
for the populations in this group with sufficient information to generate productivity 
estimates is 0.60, ranging from -0.14 (Deschutes Eastside) to 0.75 (Deschutes Westside) 
(ICTRT 2006).  The Umatilla/Walla Walla group has three extant and one functionally 
extirpated (Willow Creek) populations.  The data series for the extant populations are 
relatively short, making the gap estimates preliminary, with the Umatilla (0.09) and the 
Walla Walla mainstem (-0.01) are close to achieving the very low risk level.  Touchet 
River steelhead data was insufficient to estimate risk levels (ICTRT 2006). 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 59

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 88 of 1903

1-SER-115

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 115 of 300
(119 of 992)



Figure 8.  Historical summer and winter steelhead populations in the Middle Columbia 
River DPS (ICTRT 2004). 

Little White Salmon River
There are no self-sustaining naturally spawning summer or winter steelhead populations 
in the Little White Salmon River below the hatchery diversion.  The sizes of historical 
spawning populations are not well documented, but are believed to be low, since 
distribution was limited to only 2-3 miles of habitat (Rawding 2000a).
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Since 1998, Skamania stock summer steelhead originally programmed for release into the 
Wind River have been released in the Little White Salmon River watershed.  This 
program change was due to the reduced ecological and genetic risks of releases into the 
Little White Salmon River compared to the Wind River.  The releases were transferred to 
this site to provide local recreational and tribal fishing opportunities.  In addition, Kalama 
stock winter steelhead and Lewis River stock winter steelhead were released in to the 
Little White River in 1999.  In 2000, Skamania stock winter steelhead were released.
Beginning in 2004, the release of Skamania stock summer and winter steelhead was 
moved to the White Salmon River. 

White Salmon River Populations
Natural spawning habitat for winter and summer steelhead in the White Salmon River is 
currently limited to the area below Condit Dam – historically, a much larger area was 
available to steelhead above the dam.  The abundance of historical spawning populations 
are not well documented.  Principal tributaries above the dam that also could have 
supported steelhead include Buck, Little Buck, Mill, Spring, Rattlesnake, and Indian 
creeks (Rawding 2000b).  The current runsize of naturally produced summer steelhead, 
based on smolt capacity and a 3.0 percent smolt-to-adult return rate, is estimated to be 
about 50 adults (WDW et al. 1990a).   Naturally produced winter steelhead runsizes are 
also estimated to be approximately 50 adults (WDW et al. 1990a).  At these low levels of 
production, WDW et al. (1990a) questioned the existence of genetically independent 
natural summer or winter populations in the White Salmon River.  Non-endemic, 
Skamania stock summer and winter steelhead have been released into the basin since 
1982.  WDFW believes that the current low level of natural production is the result of 
naturally spawning hatchery returns (Rawding 2000b).  The ITCRT (2006) in their gap 
analysis describe White Salmon River steelhead as functionally extirpated.

The Skamania stock summer and winter steelhead releases into the White Salmon River 
watershed are to mitigate for the losses of anadromous fish caused by Condit Dam, these 
fish provide local recreational and tribal fishing opportunities.  These steelhead smolts 
were acclimated in net-pens in Northwestern Lake (reservoir to Condit Dam) and 
released below the dam.  

Walla Walla and Touchet River Populations
The interim abundance level for natural spawning escapement in the Walla Walla Basin 
is 2,600 natural-origin summer steelhead (NMFS 2002b).  Historical levels for the 
subbasin was estimated to be between 4,000-5,000 adults (Grettenberger 1992).  NMFS 
(2004a) and ICTRT (2006) identified two populations in the subbasin: Walla Walla River 
and Touchet River summer steelhead.  The current populations are depressed due to a 
number of factors, but most notably habitat loss, insufficient water quantity, and poor 
water quality (specifically, high stream temperatures in many areas) (James et al. 2001).
The summer spawning migration of naturally produced adults is largely dependant on 
flows, and can occur as early as September or as late as October and extend through June 
(CTUIR 1990).  Walla Walla steelhead typically return to the Oregon portion of the 
subbasin after two years of ocean residence, unlike other Columbia and Snake River 
populations which generally return as 1 salt adults.  The return of repeat spawners in the 
mid-Columbia is not uncommon, and in the Walla Walla River repeat spawners represent 
a measurable portion of the return (3.5 to 9.1 percent) as determined by scale samples 
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(James et al. 2001; Chilcote 1998).  Touchet River steelhead typically return to the 
subbasin after one year of ocean residence (55 percent 1-salt), typical of mid-Columbia 
A-run fish.  Repeat spawning in the Touchet River basin has averaged 4.8 percent (1.6-
8.1 percent) as determined by scale samples from the Dayton Adult Trap (Bumgarner et
al. 2004).

Spawning initiates in February and extends through early June, with the peak of natural 
spawning in April and early May.  Spawning locations in Oregon and Washington are 
generally distributed throughout the middle and upper reaches or in high-order tributaries 
such as the North or South Fork Walla Walla River and North Fork Touchet (James et al.
2001).  Juvenile steelhead rearing is generally restricted to the mainstem of the Walla 
Walla River above Milton-Freewater, Oregon, and in associated tributaries including the 
North and South Fork Walla Walla River, Couse, Mill, lower Pine – not in Washington, 
Cottonwood and Dry Creeks.  In the Touchet River watershed, steelhead are distributed 
in the mainstem between Dayton and Waitsburg, Coppei Creek, Patit Creek, and the 
North, South, Wolf and Robinson Forks of the Touchet and their tributaries.  Mendel et
al. (1999) found an increase in salmonid density with an increase in river mile on the 
mainstem Touchet River, a relationship that was considered to reflect the differences in 
stream temperature. 

The lower mainstem Walla Walla and the Touchet River below Waitsburg serve 
primarily as migratory corridors for anadromous steelhead.  Electrofishing and snorkel 
surveys conducted in 1998 (mid-June to mid-September) by the WDFW documented the 
absence of yearling or older rainbow trout/steelhead in the Touchet River downstream of 
Waitsburg (Rkm 64.4) (Mendel et al. 1999).  Reduced flows and elevated stream 
temperatures are common in this portion of the river, and typically result from irrigation 
withdrawals during the summer months.  Excessive sedimentation is also common 
throughout the reach, which may further explain the absence of fish during the survey 
period.  Steelhead habitat is moderate from Waitsburg up to Dayton Acclimation Pond at 
Rkm 85.3. 

Since 1993, when counts of steelhead at Nursery Bridge Dam were initiated, the number 
of naturally produced steelhead has declined.  In 1993, 813 fish were observed, followed 
by annual estimates of 535 in 1994, 430 in 1995, 358 in 1996, and 292 in 1997.  Returns 
increased briefly in 1998 with 378 observed and declined to 279 in 1999.  The 2000 
return showed improvement, reaching 514 natural spawners.  Escapement continued 
increase reaching over 1,200 in 2002.   Estimates of natural-origin summer steelhead are 
limited now that trap at the Dam has been modified, but based on past counts hatchery 
strays should remain low.  Spawning ground surveys in Mill Creek were initiated in 2001 
by WDFW to estimate steelhead escapement.  These surveys were not completed due to 
poor water clarity and high flows, however 22 redds were counted (WDFW 2003b).  At 
the Yellowhawk Creek trap (in Washington near release location) hatchery steelhead 
have comprised from 0 to 60 percent of the fish collected, however, these were very 
small sample sizes – e.g., 6 out of 10 fish collected (WDFW 2003b). 

Returns to the Touchet River as indexed by WDFW redd counts have shown a decline 
similar to declines in other steelhead stocks in the MCR DPS.  Escapement could not be 
accurately estimated in 1996 and 1997 and again in 2002 and 2003 due to high flows.  
Escapement estimates are made by expanding redd counts from index surveys and 
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assigning the relative percentage of wild and hatchery fish from counts at the trap in a 
given year (e.g., if 60 percent of the total number of fish counted at the trap were 
naturally produced, then it is estimated that 60 percent of the redds counted during the 
run year were made by naturally produced fish) (James et al. 2001).  Additional surveys 
in other Touchet River tributaries (e.g., Coppei Creek) have observed additional steelhead 
spawning, but the origin of the spawners is currently unknown.

NMFS (2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon and steelhead populations.  The report evaluated the Lyons 
Ferry Hatchery releases of summer steelhead into the Touchet and Walla Walla River 
populations.  The report determined that, for Lyons Ferry Hatchery releases, the net affect 
is negative if the out-of-DPS hatchery steelhead spawn with the natural-origin summer 
steelhead, since this could reduce the genetic diversity of the reference local population.
Because of hatchery reform actions already implemented by the program, interactions 
have been limited in the Walla Walla River by releasing program fish below the mouth of 
Mill Creek and by the reduction in the total number of smolts released (NMFS 2004a).  
In the Touchet River, interactions are now limited by releasing program fish below 
Dayton and by the reduction in number of smolts released.  The potential impacts are 
expected to be further reduced through the development and use of an endemic 
broodstock (NMFS 2004a). 

Deschutes River Westside and Eastside Populations
Summer steelhead occur throughout the mainstem Deschutes River below the Pelton Re-
regulating Dam (Rkm 145) and in most tributaries below the Dam.  NMFS (2004a) 
identified two populations currently present in the Deschutes River basin: Deschutes 
River West side and Deschutes River East side.  Before construction of the Pelton-Round 
Butte hydroelectric project in 1958, summer steelhead were also found in the Deschutes 
River to Steelhead Falls (Rkm 206), in Squaw Creek, in the Metolius River, and in the 
Crooked River (the ICTRT determined that only the summer steelhead in the Crooked 
River were an independent population and that the other tributaries were part of the 
Westside population).  Downstream passage facilities at the dams proved insufficient to 
sustain natural runs above the dams (ODFW and CTWSRO 1990).  Under the current 
relicencing process, reintroduction of spring Chinook salmon and steelhead above the 
dams is being proposed.  The current escapement goal is 10,000 natural steelhead above 
Sherars Falls (Rkm 71).  Estimated returns of Deschutes River natural-origin summer 
steelhead has increased in recent years reaching 8,985 in 2001 and 8,749 in 2002, almost 
doubling earlier returns (NMFS 2004a). 

Summer steelhead enter the sub-basin from June through October with peak movement in 
September or early October.  A large number of steelhead, natural and hatchery, from 
other Columbia Basin production areas stray into the Deschutes River.  Deschutes River 
water temperatures tend to be lower than the mainstem Columbia River, especially in low 
water years.  The temperature difference provides a thermal refuge when Columbia River 
flows are low and warm and attracts non-local steelhead into the Deschutes River.  Many 
of these stray steelhead leave the Deschutes River and continue their migration up the 
Columbia River.  Others are harvested in the fisheries, and some remain to spawn in the 
Deschutes River sub-basin. 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 63

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 92 of 1903

1-SER-119

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 119 of 300
(123 of 992)



In the 1999 listing notice for MCR steelhead (64 FR 14517 (March 25, 1999)), and 
reaffirmed in the 2006 listing notice (71 FR 834 (January 1, 2006)), NMFS identified as 
one of the most important sources of risk to the DPS the recent increase in the percentage 
of hatchery fish that could potentially contribute to natural spawning in the Deschutes 
River Basin.  In previous reports, ODFW estimated that the percentage of hatchery strays 
in the Deschutes River has exceeded 70 percent, and most of these were believed to be 
long-distance strays from outside the ESU (Chilcote 1998).  ODFW and CTWSRO 
estimated that 60 to 80 percent of the naturally spawning fish are strays. Coincident with 
this increase in straying has been a decline in the abundance of Deschutes River 
steelhead.  Although the level of reproductive success of these stray fish has not been 
evaluated, staying levels are so high that major genetic and ecological effects on 
Deschutes River steelhead are possible.  Recent efforts by the CTWSRO and ODFW to 
determine the origin of strays and the proportion of strays that are spawning naturally in 
the Deschutes River will continue to prove useful in informing management efforts to 
address this issue.

Recent work by Chilcote (2001) re-evaluated the hatchery stray estimates based on 
information collected from radio-tagged steelhead.  Steelhead were collected at 
Bonneville Dam, radio-tagged and released to continue their migration.  Data from this 
study showed that tagged out-of-basin steelhead would enter the Deschutes River and 
migrate past Sherars Falls only to drop back down again and migrate up the Columbia 
River to the Snake River or other upstream tributaries.  Based on this and other 
information, Chilcote (2001) was able to estimate the proportions of out-of-basin 
steelhead sampled at the Sherars Falls trap that would leave the Deschutes River, those 
that were harvested and those that remained in the river and could potentially spawn 
naturally.  The proportion of hatchery strays in the natural spawning population, by his 
estimate peaked in 1997 at 56 percent and has averaged 37.5 percent over the last ten 
years (1991-2000).  Though these numbers are lower than in the previous reports, they 
still are high enough to pose detrimental effects on Deschutes River steelhead. 

Major habitat constraints to natural production of summer steelhead in the sub-basin 
include sedimentation in the mainstem river below White River, streambank degradation 
throughout the sub-basin, and most tributaries experience low flows and high 
temperatures, which are related to stream degradation and poor riparian conditions.
Planners have identified several opportunities for increasing natural production through 
habitat enhancement projects to rehabilitate the tributaries and restore adequate perennial 
stream flows (NPCC 2005).  

Round Butte Hatchery, completed in 1972 to mitigate the effects of the Pelton-Round 
Butte hydroelectric project, is the only hatchery in the basin releasing summer steelhead.  
The facility is funded by PGE and operated by ODFW.  Prior to 1972, Cedar Creek 
Hatchery, Gnat Creek Hatchery, Oak Springs Hatchery, and Wizard Falls Hatchery 
reared Deschutes River summer steelhead for release into the Deschutes River.  The 
current production goal is for a release of 162,000 smolts at the Pelton Trap.  

NMFS (2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon and steelhead populations.  The report evaluated the effects of 
releases from the Round Butte Hatchery summer steelhead program on the Westside and 
Eastside Deschutes River populations.  The report determined that the effects of the 
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program are unknown but could be potentially adverse if the program summer steelhead 
diverged from the reference population.  The problem is due to the hatchery not 
incorporating natural-origin adults into the broodstock.  There is a legitimate concern 
regarding the origin of unmarked steelhead in the Deschutes River.  In some years, 
thousands of non-DPS unmarked summer steelhead enter the Deschutes River, with many 
being trapped at the Pelton Dam trap.  Unmarked adults used for broodstock could be 
from out of the DPS, causing further adverse impacts (NMFS 2004a). 

3.3 Chum Salmon (O. keta)

Chum salmon are semelparous, spawn primarily in freshwater, and apparently exhibit 
obligatory anadromy, as there are no recorded landlocked or naturalized freshwater 
populations (Randall et al. 1987).  The species is known for the enormous canine-like 
fangs and striking body color (a calico pattern, with the anterior two thirds of the flank 
marked by a bold, jagged, reddish line and the posterior third by a jagged black line) of 
spawning males.  Females are less flamboyantly colored and lack the extreme dentition of 
the males.  

The species has the widest natural geographic and spawning distribution of any Pacific 
salmonid, primarily because its range extends further along the shores of the Arctic 
Ocean than other salmonids.  Chum salmon have been documented to spawn from Korea 
and the Japanese island of Honshu, east, around the rim of the North Pacific Ocean, to 
Monterey Bay in California.  Presently, major spawning populations are found only as far 
south as Tillamook Bay on the Northern Oregon coast.  The species’ range in the Arctic 
Ocean extends from the Laptev Sea in Russia to the Mackenzie River in Canada.  Chum 
salmon may historically have been the most abundant of all salmonids:  Neave (1961) 
estimated that prior to the 1940s, chum salmon contributed almost 50 percent of the total 
biomass of all salmonids in the Pacific Ocean.  Chum salmon also grow to be among the 
largest of Pacific salmon, second only to Chinook salmon in adult size, with individual 
chum salmon reported up to 108.9 cm in length and 20.8 kg in weight (Pacific Fisherman 
1928).  Average size for the species is around 3.6 to 6.8 kg (Salo 1991). 

Chum salmon spend more of their life history in marine waters than other Pacific 
salmonids.  Chum salmon spend two to five years in the northeast Pacific Ocean feeding 
areas prior to migrating southward during the summer months as maturing adults along 
the coasts of Alaska and British Columbia in returning to their natal streams 
(WDFW/PNPT 2000).  Most chum salmon mature as four year old adults (Johnson et al.
1997).  Chum salmon usually spawn in the lower reaches of rivers, with redds usually 
dug in the mainstem or in side channels of rivers from just above tidal influence to nearly 
100 km from the sea.  Chum salmon, like pink salmon, usually spawn in coastal areas, 
and juveniles out migrate to seawater almost immediately after emerging from the gravel 
that covers their redds (Salo 1991).  This ocean-type migratory behavior contrasts with 
the stream-type behavior of some other species in the genus Oncorhynchus, which 
usually migrate to sea at a larger size, after months or years of freshwater rearing.  This 
means survival and growth in juvenile chum salmon depends less on freshwater 
conditions than on favorable estuarine conditions.  Another behavioral difference 
between chum salmon and species that rear extensively in freshwater is that chum salmon 
form schools, presumably to reduce predation (Pitcher 1986), especially if their 
movements are synchronized to swamp or confuse predators (Miller and Brannon 1982).
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3.3.1 Columbia River Chum Salmon ESU 

This ESU includes all naturally produced chum salmon populations that enter the 
Columbia River (Figure 9).  Historically, chum salmon were abundant in the lower 
reaches of the Columbia River and may have spawned as far upstream as the Walla Walla 
River (Johnson et al. 1997).  However, reductions in available habitat currently limit 
chum salmon in the Columbia River to tributaries below Bonneville Dam.  The Upper 
Willamette/Lower Columbia River Technical Recovery Team has identified 16 historical 
populations in the ESU (Myers et al. 2003).  Currently, the WDFW regularly monitors 
two primary population centers where natural spawning populations still exist.  The two 
population centers are in the Grays River and the Lower Gorge (below Bonneville Dam).  
In 1999, WDFW located another Columbia River mainstem spawning area for chum 
salmon located near the I-205 bridge.  Hatchery fish have had little influence on the 
naturally produced component of the CR Chum Salmon ESU. 

The information on ocean migration patterns and distribution is limited and no region-
specific information for this ESU is available (Johnson et al. 1997).  There is some 
speculation that Columbia River chum salmon had a more southerly ocean distribution 
similar to the present-day distribution and migration pattern of Columbia River coho 
salmon (Sandercock 1991).  Grays River chum salmon enter the Columbia River from 
mid-October to mid-November, but apparently do not reach the Grays River until late 
October to early December.  These fish spawn from early November to late December.  
Fish returning to Hamilton and Hardy Creeks begin to appear in the Columbia River 
earlier than Grays River fish (late September to late October) and have a more protracted 
spawn timing (mid-November to mid-January).  Emergence is likely to occur between 
February and April.  Outmigration occurs from March through May of the same year for 
Grays River populations, and peak outmigration from Hardy Creek occurs in April 
(WDFW 2000).  In study of chum salmon spawning in the Columbia River in the Ives 
Island area it was determined that chum salmon selected areas of upwelling that provided 
water to the redds that was on average 3 degrees C higher than the ambient river water 
temperature (van der Naald et al. 2002).  This provided an advantage by reducing the 
time before emergence.  In the 2000 brood of chum salmon in the study, juvenile 
emergence began 15 February and continued through 9 April 2001.  Peak chum salmon 
emergence was on 26 March.  The resulting juvenile chum salmon migrated from the 
study area in the 40-50 mm fork length range.  Peak migration occurred during the month 
of April (van der Naald et al. 2002).  Recent genetic analysis of fish from Hardy and 
Hamilton Creeks and from the Grays River indicate that these fish are genetically distinct 
from other chum salmon populations in Washington (Salo 1991; WDF et al. 1993; 
Johnson et al. 1997).
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Figure 9.  Historic Columbia chum salmon populations in the Columbia River Chum 
Salmon ESU (Myers et al. 2003). 

Historically, chum salmon were reported in almost every river in the lower Columbia 
River Basin, but most runs disappeared by the 1950s (Rich 1942; Marr 1943; Fulton 
1970).  Historically, the CR Chum Salmon ESU supported a large commercial fishery 
landing more than 500,000 fish per year.  Commercial catches declined beginning in the 
mid-1950s.  There are now no recreational or directed commercial fisheries for chum 
salmon in the Columbia River, although chum salmon are taken incidentally in the gill-
net fisheries for coho salmon and fall Chinook salmon and in recreational fisheries 
targeting other species. 

Upper Gorge Tributaries Population 
A large portion of the upper gorge population chum salmon habitat has been inundated 
and thus taken out of production by Bonneville Dam.  However, small numbers of chum 
salmon still pass over Bonneville Dam.  The number of chum salmon passing Bonneville 
Dam in 2002 increased to over 70 adults, up from zero in 1998.  However, this does not 
match the dramatic increases observed in the other chum salmon populations (WCSBRT 
2003).  If is unknown where these chum salmon spawn above Bonneville Dam.  The 
WLCTRT evaluated the status of populations in the CR Chum Salmon ESU and 
determined that for the Upper-Gorge population the probability for population persistence 
was 0.18 or very low (McElhany et al. 2004). 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 67

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 96 of 1903

1-SER-123

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 123 of 300
(127 of 992)



Lower Gorge Tributaries Population
The Lower Gorge population consists of a number of sub-populations immediately below 
Bonneville Dam.  The sub-populations include Hardy Creek, Hamilton Creek, Ives 
Island, and the Multnomah area.  Both the Ives Island and Multnomah area sub-
populations spawn in the Columbia River mainstem.  Long term abundance estimates for 
the Hardy Creek and Hamilton Creek sub-populations are available from WDFW 
(2003a).  Hamilton estimates also include adults returning to the artificial spawning 
channel in Hamilton Creek.  These abundance estimates may not be representative of the 
Lower Gorge population because it does not include mainstem spawning areas.  Chum 
salmon may alternate between the tributaries and the mainstem, depending on flow 
conditions, causing counts in only a subset of the population to be poor indicators of the 
total population abundance in a given year.  Based on these data, the population has 
shown a downward trend since the 1950s and has been at relatively low abundance up to 
2000.  However, preliminary data indicated that the 2002 abundance increased 
substantially to more than 2,000 chum salmon in Hamilton and Hardy Creeks, plus 
another 8,000 or more in the mainstem (WCSBRT 2003).  

The WDFW has started a chum salmon conservation program for the Lower Gorge 
group, collecting adults in the Ives Island area for broodstock.  The broodstock is 
spawned and the juveniles reared at the Washougal Fish Hatchery.  This hatchery 
program will supplement the Ives Island population and provide juveniles for release into 
Duncan Creek.  Access to Duncan Creek for chum salmon was reestablished in 2001, a 
dam at the outlet of a manmade lake was modified to allow passage.  In addition, chum 
salmon spawning channels were developed in areas of historic upwelling adjacent to 
Duncan Creek.  The improved access and the new spawning channels were immediately 
successful such that within 3 days after completion of work on the channels they were 
being used by spawning chum salmon.  The hatchery program production goal is to 
release 100,000 chum salmon after a short rearing period (fry will be 500 fish to the 
pound).  The WLCTRT evaluated the status of populations in the CR Chum Salmon ESU 
and determined that for the Lower-Gorge population the probability for population 
persistence was 1.36 or low (McElhany et al. 2004). 

Washougal River Population
A group of chum salmon were recently observed (since 1998-1999) to be spawning in the 
mainstem Columbia River on the Washington side, just upstream of the I-205 bridge (the 
“I-205 population”).  These spawners are considered to be part of the WLCTRT’s 
Washougal population of chum salmon, as this is the closest tributary mouth (WCSBRT 
2003).  It is not clear if this is a recently established population or only recently 
discovered by WDFW.  In 2000, WDFW estimated 354 spawners at this location.  As 
with the other Columbia River chum salmon spawning populations, preliminary data 
indicated a dramatic increase in 2002.  Preliminary estimates put the abundance of this 
population in the range of several thousand spawners (WCSBRT 2003).  The WLCTRT 
evaluated the status of populations in the CR Chum Salmon ESU and determined that for 
the Washougal River population the probability for population persistence was 0.60 or 
low (McElhany et al. 2004). 
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3.4 Coho Salmon (O. kisutch)

Coho salmon is a widespread species of Pacific salmon, with production in most major 
river basins around the Pacific Rim from central California to Korea and northern 
Hokkaido, Japan (Laufle et al. 1986).  The following ESU description was taken from the 
Lower Columbia Fish Recovery Board’s technical framework (LCFRB 2004).  Coho 
salmon runs to the Columbia River show considerable temporal variability in river entry 
and spawn timing.  Coho salmon begin to return to the Columbia River in August, 
continuing through December/January and peaking in September/October.  This 
variability resembles the pattern of river entry in other river systems, such as the Chehalis 
in southwest Washington, the Skagit in northern Washington, and the Klamath in 
southern Oregon (Leidy and Leidy 1984; WDF et al. 1993).

In some regions, individual coho salmon stocks show exceptionally early or late run 
timings; these stocks are often referred to as summer or winter runs, respectively 
(Godfrey 1965), and are thought to have evolved in response to particular flow conditions 
(Sandercock 1991).  The relationship between populations with “very late or very early” 
timed runs and normally timed runs within the same basin is not well understood.  For 
example, in some cases, such as the Soleduck (Washington coast) and Clackamas 
(Willamette River) Rivers, differently-timed, sympatric runs are thought to be largely 
reproductively isolated from each other (Houston 1983; Cramer and Cramer 1994), while 
in the Grays Harbor basin, there is believed to be reproductive overlap (WDF et al.
1993).  These “very late or very early” timed runs are found in many geographic areas.  
However, because there is no evidence to suggest that all runs of a certain type are 
closely related, differently timed runs are considered to be a component of overall life 
history diversity within each area (NMFS 1995b). 

The timing of coho salmon spawning can also reflect water temperature changes in a 
particular river system.  Lister et al. (1981) found that spawn timing of coho salmon in 
tributaries of the Cowichan River (British Columbia) was strongly correlated to tributary 
water temperature: coho salmon spawning in warmer tributaries spawned later than those 
spawning in colder tributaries.  Such factors make determining and comparing when coho 
salmon will enter a river or spawn difficult because of the temperature variability within 
basins (NMFS 1995b).  Other environmental factors influence coho salmon spawning as 
well.  Adult coho salmon returning to spawn need adequate flows and water quality, and 
unimpeded passage to their natal grounds.  They also need deep pools with vegetative 
cover and instream structures such as root wads for resting and shelter from predators. 

After emergence, coho salmon fry move to shallow, low velocity rearing areas, primarily 
along the stream edges and in side channels.  They congregate in quiet backwaters, side 
channels, and small creeks, especially in shady areas with overhanging branches 
(Gribanov 1948).  All coho salmon juveniles remain in the river for a full year after 
leaving the gravel. 

Most juvenile coho salmon migrate seaward as smolts in late spring, typically during 
their second year.  Factors that tend to affect the time of migration include: the size of the 
fish, flow conditions, water temperature, dissolved oxygen levels, day length, and the 
availability of food (Shapovalov and Taft 1954).  The size of coho salmon smolts is fairly 
consistent over the species’ geographic range; a fork length of 3.9 inches (100 mm) 
seems to be the threshold for smoltification (Gribanov 1948).  Generally, the timing of 
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outmigration is earlier in the southern coho salmon populations compared to northern 
populations.

Coho salmon use estuaries primarily to adjust physiologically to salt water.  Most 
research indicates that, upon entering the ocean, coho salmon remain in nearshore 
environments over the continental shelf for a couple of months before they disperse on 
more seaward migrations; this holds true from California to Alaska (Shapovalov and Taft 
1954; Milne 1964; Godfrey 1965).  This pattern may help coho salmon avoid pelagic 
predators and reduce feeding competition with immature salmon that are older by a year 
or more. 

Coho salmon typically spend 18 months in the ocean before returning to fresh water.  
Thus, many returning coho salmon are 3 years old and have spent 18 months in fresh 
water and 18 months in salt water.  Jacks, however, return earlier at age 2.  These 
sexually mature males return to fresh water to spawn after only 5 to 7 months in the 
ocean.

3.4.1 Lower Columbia River Coho Salmon ESU 

In NMFS’ 1991 status review of Lower Columbia River coho salmon (NMFS 1991a), the 
WCSBRT limited the geographic scope of its review to the subject of the motivating 
listing petition: the LCR excluding the Willamette River.  The 1991 WCSBRT concluded 
that historical LCR coho salmon populations were probably reproductively isolated from 
other coho salmon populations, but the WCSBRT was unable to identify whether an 
historical coho salmon ESU still existed in the LCR.  In the 1995 status review of West 
Coast coho salmon (NMFS 1995a), the WCSBRT considered new evidence suggesting 
that LCR coho salmon may be part of a larger ESU, based on similarities in physical and 
biogeographical conditions, and preliminary genetic data.  The 1995 WCSBRT included 
LCR coho salmon as part of a larger Southwestern Washington (SWA)/LCR Coho 
Salmon ESU.  In 1996, NMFS= West Coast Coho Salmon BRT updated the 1995 status 
review, and concluded that the SWA/LCR ESU may warrant splitting into separate SWA 
and LCR ESUs (NMFS 1996a).

In 2001, the WCSBRT reconvened to update information on the biological status of LCR 
coho salmon and reaffirmed the conclusion that it should be regarded as a separate ESU 
from SWA coho salmon (NMFS 2001b).  This conclusion was supported by new tagging 
data and analyses indicating that SWA and LCR coho salmon populations have differing 
marine distributions and are genetically distinct (Shaklee et al. 1999; NMFS 2001b).
This finding is consistent with the stock structure exhibited by LCR Chinook salmon and 
O. mykiss populations (McElhany et al. 2004)(see Figure 10).  The 2001 WCSBRT also 
concluded that the historic ESU still exists in the LCR.  The primary evidence to support 
this conclusion is the consistent genetic and life history differences between LCR coho 
salmon and populations from other areas.  The WCSBRT concluded that, because of 
presumably very low survival rates, stock transfers from Oregon coastal populations 
40-80 years ago probably had relatively little permanent effect on the genetic makeup of 
LCR coho salmon.  Nevertheless, the WCSBRT recognized that no truly pristine 
populations persist, and evidence for appreciable natural production is limited to two 
Oregon populations (in the Sandy and Clackamas Rivers) that represent the clearest link 
(through more or less continuous natural production) to historic populations within the 
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ESU (NMFS 2001b).  Based on available information, most of the adult coho salmon 
returning to areas outside these two streams appear to have themselves been reared as 
juveniles in hatcheries, or had parents that were reared in hatcheries.  The 2001 
WCSBRT concluded that, collectively, these hatchery-produced fish contain a key 
portion of the historic diversity of LCR coho salmon, albeit in somewhat altered form.  In 
determining the upstream boundary of the LCR Coho Salmon ESU, the WCSBRT (2003) 
concluded that Upper Columbia River coho salmon (now extinct) were likely not part of 
the LCR Coho Salmon ESU, and that the Cascade Crest represents the most likely eastern 
terminus of the LCR Coho Salmon ESU.  

Based on the foregoing, NMFS concluded that the LCR Coho Salmon ESU includes all 
naturally spawned populations of coho salmon in the Columbia River and its tributaries 
from the mouth of the Columbia up to and including the White Salmon and Hood Rivers 
(Figure 10). 

Figure 10.  Historical populations within the Lower Columbia River Coho Salmon ESU 
(McElhany et al. 2004). 

LCR coho salmon begin to return to the Columbia River in August, continuing through 
December/ January and peaking in September/October.  The onset of coho salmon 
spawning in lower Columbia tributaries is tied to the first substantial fall freshet.  The 
salmon often mill near the river mouths or in lower river pools until freshets occur. 
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Columbia River coho salmon generally return in two runs:
Early-returning (Type S) coho salmon enter the Columbia River in mid-August and 
begin entering tributaries in early September, with spawning peaks from mid October 
to early November.3

Late-returning (Type N) coho salmon pass through the lower Columbia from late 
September through December and enter tributaries from October through January.4

Most spawning occurs from November to January, but some spawning ranges to 
February and as late as March.

In general, earlier migrating fish spawn farther upstream within a basin than later 
migrating fish, which enter rivers in a more advanced state of sexual maturity 
(Sandercock 1991).  In the lower Columbia River, peak spawning time for early run coho 
salmon (Type S) is in late October, and for late run coho salmon (Type N), peak 
spawning is generally from December to early January.  In the Washougal River system, 
coho salmon spawn from mid-October and continue through November.  Incubation 
extends from late October through January, with emergence occurring in late January and 
early February (WDF 1990).  On the Cowlitz River, fry emergence occurs from January 
to April (WDW 1990b).  In the Cowlitz and Lewis Rivers at 50 F (10°C), fertilization to 
eyed-egg stage takes about 3.5 weeks, eyed-egg to hatching about 2.5 weeks, and 
hatching to emergence about 8 weeks (Howell et al. 1985).  On the Wind and Little 
White Salmon Rivers, coho salmon fry emerge in late winter/early spring, generally from 
mid-January to February (WDW 1990a).  These patterns likely typify the incubation 
timing occurring in other Washington tributaries to the lower Columbia River. 

Data collected from CWT recovery studies shows that coho salmon released from 
Columbia River hatcheries are recovered primarily in Oregon (36-67 percent) and 
Washington (22-54 percent), with lower but consistent recoveries from British Columbia 
(2-16 percent) and California (1-15 percent).  These ocean distribution patterns were 
determined from CWT recovery data for 66 North American hatcheries between 1973–92 
from the Pacific States Marine Fisheries Commission’s (PSMFC) 1994 Regional Mark 
Information System.  Compared to Oregon coast coho salmon, Columbia River fish are 
recovered less frequently in California and more frequently in Washington.  Although 
they share the same general recovery pattern, coho salmon from Washington-side 
Columbia River hatcheries are caught more frequently in Washington and British 
Columbia, and less frequently in Oregon than are those from Oregon-side hatcheries.  
This is presumably the result of Washington hatcheries producing both Type S and Type 
N coho salmon, while Oregon hatcheries produce only Type S coho salmon.  Washington 
has maintained both stocks in Columbia River hatcheries because early and late returning 
coho salmon are indigenous to Washington streams and the mix of stocks provides 
fishing access off the Washington coast as well as in the Columbia River and Washington 
tributaries. 

Historically, coho salmon were present in all lower Columbia River tributaries.  
Currently, natural-origin coho salmon abundance is low throughout the lower Columbia 
River subbasins.  Until recently, Columbia River coho salmon were managed for 
hatchery production.  In some cases, coho salmon returning to Columbia River hatcheries 

3 referred to as Type S because their ocean migration is generally south of the Columbia River. 
4 referred to as Type N because of a more northern ocean distribution. 
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above the brood stock needs for the hatchery were allowed to bypass the hatchery rack or 
collection facility and allowed to spawn naturally.  Spawning is expected to occur in most 
areas accessible to coho salmon, although production from naturally spawning hatchery 
fish is likely low. 

In the 1992 Washington State Salmon and Steelhead Stock Inventory report (WDF and 
WDW 1992), the state fisheries agencies identified 17 stocks of coho salmon that were 
historically native to the lower Columbia River and stated that hatchery practices had 
produced a widely mixed (hatchery and natural) stock.  This conclusion was based on 
fact that in the 1950s, salmon hatchery construction expanded on the lower Columbia 
River tributaries and hatcheries began to trap brood stock.  Over time, transferring brood 
stock, eggs, and juvenile coho salmon between hatcheries and planting hatchery fish off-
station became commonplace throughout the watershed, resulting in a widely-mixed coho 
salmon stock (WDF et al. 1993).  WDF and WDW (1993) concluded that none of the 17 
stocks are believed to be genetically different from the hatchery production (WDF and 
WDW 1993).

There are only two extant populations in the Lower Columbia River Coho Salmon ESU 
with appreciable natural production (the Clackamas and Sandy River populations), 
compared to an estimated 23 historical populations in the ESU (Figure 10).  Although 
adult returns in 2000 and 2001 exhibited moderate increases, the recent 5-year mean of 
natural-origin spawners for the two populations represents less than 1,500 adults.  The 
Sandy River population has exhibited recruitment failure in 5 of the last 10 years ending 
in 2003, and has exhibited a poor response to reductions in harvest.  During the 1980s 
and 1990s natural spawners were not observed in the lower tributaries in the ESU.
Coincident with the 2000-2001 abundance increases in the Sandy and Clackamas 
populations, a small number of coho salmon spawners of unknown origin have been 
surveyed in some lower tributaries.  Short- and long-term trends in productivity are below 
replacement.  In addition to the dramatic reduction in population structure and 
connectivity compared to historic levels, the WCSBRT (2003) expressed concern that 
approximately 40 percent of historical habitat is currently inaccessible.   

The extreme loss of naturally spawning populations, the low abundance of extant 
populations, diminished diversity, and fragmentation and isolation of the remaining 
naturally produced fish confer considerable risks to the ESU.  The paucity of naturally 
produced spawners in this ESU is contrasted by the very large number of hatchery 
produced adults.  The abundance of hatchery coho salmon returning to the Lower 
Columbia River in 2001 and 2002 exceeded one million and 600,000 fish, respectively.  
The WCSBRT (2003) observed that although the scale of hatchery production poses 
genetic and ecological threats to the extant natural populations in the ESU, collectively 
these hatchery populations represent a key portion of the ESU’s remaining genetic 
resources.  The WCSBRT (2003) found extremely high risks for each of the VSP 
categories, particularly for ESU abundance and spatial structure.  This ESU was listed as 
Threatened under the ESA in 2005 (70 FR 37160). 

Clackamas River Population 
Coho salmon that spawn in the Clackamas River consist of an early-run spawning 
component and late-run spawning component (Cramer and Cramer 1994).  ODFW 
considers the late run component to be a native population.  The native coho salmon 
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population of the Clackamas River is thought to be the last remaining viable natural-
origin coho salmon population in the Columbia Basin (Cramer and Cramer 1994).  
Genetic evidence suggests that native, late-run coho salmon component in the Clackamas 
River is unique from the native coho salmon of the Sandy River and other Columbia 
River tributaries.  The early-run coho salmon population is thought to be remnant of 
liberated hatchery fish that persist as a naturally-spawning, self-sustaining population 
(Zhou and Chilcote 2003).  The Clackamas River late-run coho salmon population was 
considered depressed, vulnerable to over-harvest, and in danger of extinction in the 
foreseeable future (Weitkamp et al. 1995). 

Adult, late-run, native coho salmon migrating through the lower Willamette River are 
returning primarily to the Clackamas River to spawn.  Most of the production of late-run 
natural-origin coho salmon is thought to occur above North Fork Dam on the Clackamas 
River (ODFW 1992).  The ten-year average late run of coho salmon to the Clackamas 
River numbered 759 fish from November 1989 through March 1998 (StreamNet 2002).  
This number dropped to a record low in the 1996-1997 migration when only two (2) late-
run fish were recorded at the North Fork Dam (Strobel and Hansen 2001).  Natural-origin 
late run coho salmon continue to be depressed with returns averaging less than 500 
through 2005.  The natural-origin, late-run coho salmon start passing over the North Fork 
Dam (Rkm 49.9) in October and November, with peak numbers migrating past the dam 
in December, January, and February.  Spawning occurs from late-January through mid-
March with a peak in mid to late February (Cramer and Cramer 1994).  

The use of Eagle Creek by natural-origin, late-run coho salmon is not well documented.  
Adult migration timing on Eagle Creek would be expected to follow the same pattern as 
found on the Clackamas River at the North Fork Dam.  Coho salmon smolts and fry are 
collected at the North Fork Eagle Creek screw trap from March through June indicating 
that spawning occurs in the North Fork Eagle Creek (Lumianski 2000; Strobel and 
Hansen 2001).  It is not known if the coho salmon spawning there are native or hatchery 
strays.  Hatchery coho salmon are produced at the Eagle Creek NFH and hatchery adults 
may spawn naturally below the hatchery.  Spawning by native coho salmon or by coho 
salmon of hatchery origin may also occur in the main stem Eagle Creek below the 
hatchery and in Delph Creek.

The majority of coho salmon mature in their third year of life, having spent about four to 
six months in incubation and up to fifteen months rearing in freshwater, followed by a 
sixteen-month growing period at sea (Sandercock 1991).  These fish are designated 1.1 
(i.e., one winter in freshwater and one winter in salt water), based on scale patterns.
There are many variations to this pattern as some juveniles may rear in freshwater for two 
winters and return as age 2.1 fish (Sandercock 1991).  Juvenile coho salmon are known to 
rear throughout the summer in the upper Clackamas River basin preferring beaver ponds, 
glides and side channels and quiet edge habitats where woody debris and cover is 
prevalent (Everest et al. 1986).  Juvenile coho salmon would be expected to be present in 
Eagle Creek throughout the summer.  

Juvenile coho salmon are counted migrating downstream though the North Fork 
Clackamas River migrant bypass system in every month of the year.  Generally, 
outmigrants captured at the North Fork trap from April through June have a silvery 
smolt-like appearance, but most juveniles migrating December through March and July 
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through October appear to be parr.  The outmigration of coho salmon juveniles for the 
Clackamas River generally begins in April, peaks in May and June and is essentially over 
by early July.  Historically, a second outmigration of smolts occurred in the fall, 
primarily during November (Cramer and Cramer 1994).  

The outmigration timing of coho salmon juveniles on Eagle Creek would be expected to 
generally follow the same pattern as that found in the Clackamas River.  On the North 
Fork Eagle Creek, coho salmon juveniles (fry, parr and smolts) have been collected by 
screw trap since 1997 (Lumianski 2000; Strobel and Hansen 2001).  The peak capture 
date for coho salmon juveniles (fry and parr) was March 14 and June 1 in 1999 and 2000, 
respectively.  The mean length of these juveniles was 71.9 mm and 60.0 mm FL in 1999 
and 2000, respectively.  In 2000, North Fork Eagle Creek produced an estimated 598 
coho salmon smolts, down from the 1999 estimate of 3,246 smolts (Strobel and Hansen 
2001).  Coho salmon smolts were collected during all weeks between March 17 and June 
8, 2000, with the majority of smolts being collected between April 14 and May 25, 2000.  
The peak capture date for coho salmon smolts was May 11 and 12 in 2000 and May 19 in 
1999.  Mean fork length for emigrating coho salmon smolts was 111.4 mm and 112.5 mm 
FL in 1999 and 2000, respectively (Lumianski 2000; Strobel and Hansen 2001).

The WLCTRT evaluated the status of populations in the LCR Coho Salmon ESU and 
determined that for the Clackamas River population the probability for population 
persistence was 1.79 or moderate (McElhany et al. 2004). 

NMFS (2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon and steelhead populations.  The report evaluated the Eagle 
Creek NFH coho salmon program that releases fish into Eagle Creek.  The report 
concluded that net affect of the program was unknown but expected to be small, because 
the hatchery population has an earlier spawn timing and is spatially separated or isolated 
from the later spawning naturally produced coho salmon population.  This population 
maybe be representative of the earlier spawning portion of Clackamas River coho salmon 
(NMFS 2004a). 

Upper Gorge Tributaries Population 
Impassible waterfalls limit accessible habitat to less than half a mile on most small creeks 
in this area.  The population extends from the historical location of the Bonneville Rapids 
to the eastern boundary of the ESU.  Larger tributaries contain falls or cascades in their 
lower reaches that may present migration barriers during all or most of the year.  
Furthermore this region marks a transition between the high rainfall areas of the Cascades 
and the drier areas to the east.  Spawning coho salmon were observed in several small 
creeks that line the Columbia River Gorge during the surveys conducted during the 1930s 
and 1940s (Bryant 1949).  None of these streams provide sufficient habitat for large 
spawning aggregations of fish, and it is unlikely that there were any independent 
populations.  There is little information on naturally spawning aggregations in this area.
It is likely that the large numbers of coho salmon released from hatcheries in this area 
contribute to natural reproduction 

The status of the natural spawning population is unknown, but the estimate for the lower 
Gorge and upper Gorge coho salmon populations in Oregon was 1,317 in 2002 (Brown et
al. 2003).  Of that total only 159 (12.1 percent) were estimated to be of natural-origin.
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Hatchery coho salmon contributing to the naturally spawning populations include fish 
from the LWS/Willard NFH, Washougal Hatchery releases into the Klickitat River, and 
Bonneville State Hatchery.  These estimates are complicated by releases of unmarked 
coho salmon in areas above Bonneville Dam (e.g., the Klickitat River).  

The WLCTRT evaluated the status of populations in the LCR Coho Salmon ESU and 
determined that for the Upper-Gorge population, the probability for population 
persistence was 0.69 or low (McElhany et al. 2004). 

NMFS (2004a) evaluated the effects of artificial propagation programs on the viability of 
naturally produced salmon and steelhead populations.  The report evaluated the LWS 
NFH coho salmon program that released coho salmon into the Little White Salmon River.  
The report concluded that impacts from the program will decrease after 2006 because the 
program releases have been discontinued due to funding constraints (NMFS 2004a). 

White Salmon River Population
Coho salmon were believed to be historically present in the White Salmon River, below 
the natural falls at RM 14 in the mainstem and in Buck, Spring, Indian, and Rattlesnake 
creeks (Hymer et al. 1992).  Currently access to the majority of the coho salmon habitat 
is blocked by Condit Dam.  The WLCTRT stated that status information is lacking for 
this population with some members considering this population extirpated (McElhany et
al. 2004).

The WLCTRT evaluated the status of populations in the LCR Coho Salmon ESU and 
determined that for the White Salmon River population, the probability for population 
persistence was 0.39 or very low (McElhany et al. 2004).

3.5 Environmental Baseline 

The environmental baseline for biological opinions is defined by regulation at 50 CFR 
402.02, which states that an environmental baseline is the physical result of all past and 
present state, Federal, and private activities in the action area along with the anticipated 
impacts of all proposed Federal projects in the action area (that have already undergone 
formal or early section 7 consultation).  The environmental baseline for this biological 
opinion results from the effects of several activities that affect the survival and recovery 
of threatened and endangered species in the action area.   

In its 2006 Report to Congress, NMFS identified the activities having the greatest impact 
on the environmental baseline for the listed species in this Opinion (Table 14).  In 2006, 
NMFS adopted the LCFRB’s recovery plan for listed Lower Columbia River populations 
in Washington (LCFRB 2004; NMFS 2006d).  The LCFRB plan identified productivity 
increases needed by Washington Lower Columbia River populations to meet recovery 
goals and the factors where improved productivity was most needed: tributary habitat, 
estuary function, dams, predation, harvest, and hatcheries (Chapter 5, Recovery Goals, 
Tables 7-10 (LCFRB 2004)).  The average reduction in impacts from hatchery programs 
was 0.015 for fall Chinook salmon, 0.003 for chum salmon, and 0.005 for steelhead 
populations (data was insufficient to estimate needed reductions for spring Chinook 
salmon and coho salmon).  In 2006, an Expert Panel identified key factors limiting 
productivity and survival of listed Lower Columbia River populations in Oregon (ODFW 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 76

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 105 of 1903

1-SER-132

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 132 of 300
(136 of 992)



2006a).  The Expert Panel determined that for the majority of the Chinook salmon and 
coho salmon populations hatchery strays interbreeding with natural-origin fish was a key 
limiting factor, but not for chum salmon or steelhead populations (ODFW 2006a).  For 
the MCR steelhead populations in Oregon, another Expert Panel identified for the two 
Deschutes River populations that hatchery steelhead strays from upstream Columbia 
River tributaries were a Key Contemporary Threat, but were not considered a key threat 
in the other Oregon populations in the MCR DPS (ODFW 2006b).

The fish are also affected by fluctuations in natural conditions.  The following discussion 
reviews recent developments in each of the sectors, and outlines their anticipated impacts 
on natural conditions and the future performance of the listed ESUs and DPSs.  In 
addition the developments in the following sections, draft recovery plans are being 
developed to address the limiting factors identified in Table 14 and by the expert panels.
Examples of these recovery plans include the LCFRB Recovery Plan (LCFRB 2004), the 
Yakima Subbasin Salmon Recovery Plan (Freudenthal et al. 2005), and the Snake River 
Salmon Recovery Board (2005).  NMFS’s goal is to have Recovery Plans for all of the 
Columbia River listed species completed by early 2008.  

3.5.1 Hydrosystem Impacts 

Columbia River basin anadromous salmonids, especially those that originate above 
Bonneville Dam, have been dramatically affected by the development and operation of 
the Federal Columbia River Power System (FCRPS).  Storage dams have eliminated 
spawning and rearing habitat and have altered the natural hydrograph of the Snake and 
Columbia Rivers, decreasing spring and summer flows and increasing fall and winter 
flows.  Power operations cause fluctuation inflow levels and river elevations, affecting 
fish movement through reservoirs and riparian ecology and stranding fish in shallow 
areas.  The eight dams in the migration corridor of the Snake and Columbia Rivers alter 
smolt and adult migrations.  Smolts experience a high level of mortality passing through 
the dams.  The dams also have converted the once-swift river into a series of slow-
moving reservoirs, slowing the smolts’ journey to the ocean and creating habitat for 
predators.  Water velocities throughout the migration corridor are now far more 
dependent on volume runoff than before development of the mainstem reservoirs. 

There have been numerous changes in the operation and configuration of the FCRPS as a 
result of ESA consultations between the hydrosystem Action Agencies (BPA, COE, 
Bureau of Reclamation (BOR)) and the Services (NMFS and USFWS).  These have 
resulted in survival improvements for listed fish migrating through the Snake and 
Columbia Rivers.  Increased spill at all of the FCRPS dams allows smolts to avoid both 
turbine intakes and bypass systems.  Increased flow in the mainstem Snake and Columbia 
Rivers provides better inriver conditions for smolts.  The transportation of smolts from 
the Snake River has also been improved by the addition of new barges and modification 
of existing barges.
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Table 14.  Major limiting factors have been identified for listed species through a number 
of processes and summarized here (LCFRB 2004; ODFW 2006a; ODFW 2006b; PCSRF 
2006; the factors listed below are from PCSRF (2006)). 

Listed Species Major Limiting Factors 
LCR Chinook Salmon - Reduced access to spawning/rearing habitat in 

tributaries 
- Altered channel morphology and stability 
- Loss of habitat diversity
- Excessive sediment in spawning gravel 
- Elevated water temperature in tributaries 
- Harvest impacts on fall Chinook salmon 

UWR Spring Chinook 
Salmon 

- Reduced access to spawning/rearing habitat in 
tributaries 

- Degraded water quality
- Elevated water temperature in tributaries 
- Lost/degraded floodplain connectivity and lowland 

stream habitat 
- Altered stream flow in tributaries 

Columbia River Chum 
Salmon 

- Altered channel morphology and stability  
- Excessive sediment in tributary spawning gravels 
- Altered stream flows  
- Loss of habitat diversity 
- Harassment of spawners in tributaries and mainstem 

LCR Steelhead - Lost/degraded floodplain connectivity and lowland 
stream habitat 

- Reduced access to spawning/rearing habitat 
- Altered stream flow in tributaries 
- Excessive sediment  
- Elevated water temperatures in tributaries 
- Altered channel morphology and stability 

MCR Steelhead - Reduced stream flow in tributaries 
- Impaired passage in tributaries 
- Excessive sediment 
- Degraded water quality 
- Hydropower system mortality 
- Altered channel morphology and floodplain 

LCR Coho Salmon Limiting Factors were not identified for this ESU in 2006 

In addition to flow, spill and transportation improvements, the COE implemented 
numerous other improvements to project operations and maintenance at all Columbia and 
Snake River dams.  These improvements, such as operating turbines at peak efficiency, 
new extended length screens at McNary, Little Goose, and Lower Granite dams, and 
extended operation of bypass screens, are enumerated in greater detail in the 1995 
FCRPS Biological Opinion (NMFS 1995a) and more recent Opinions (NMFS 2000b; 
2004b).

Several non-Federal projects licensed by the Federal Energy Regulating Commission 
(FERC) also affect listed species on the mainstem Columbia and Snake Rivers.  Many of 
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the listed species are also affected by FERC projects on smaller tributaries or other water 
development projects.  The LCR ESUs and DPS are affected by a number of hydro-
electric dams that have blocked passage and inundated historic spawning and rearing 
habitat (e.g., Cowlitz River, Lewis River, Clackamas River, Sandy River, White Salmon 
River, and Hood River). 

The effects of FCRPS hydropower projects on 12 listed Columbia River Basin salmonid 
species have been evaluated by NMFS in the 2000 biological opinion (NMFS 2000b)(all 
were listed as ESUs at the time, in the 2006 listing 3 of these would be listed as steelhead 
DPSs).  The opinion was assembled as a result of a reinitiation of consultation on 
operation of the Federal Columbia River Power System, including the juvenile fish 
transportation program and 19 BOR projects (NMFS 2000b).  As an outcome of the 
opinion, NMFS concluded that continuance of the proposed hydrosystem actions for the 
long term, coupled with current prospects for survival and recovery across the range and 
life cycles of the listed ESU/DPSs, is likely to appreciable reduce the likelihood of both 
survival and recovery of 8 of the 12 ESU/DPSs, including the Upper Columbia River 
Spring Chinook Salmon ESU and Steelhead DPS.  NMFS further concluded that the 
proposed operation and configuration of the FCRPS and the BOR projects are likely to 
jeopardize the continued existence of the 8 listed ESU/DPSs and to adversely modify 
their designated critical habitat (opinion was crafted before rescinding critical habitat 
designation).  The actions were determined as not likely to jeopardize the LCR Chinook 
Salmon, and UWR Spring Chinook Salmon ESUs and LCR Steelhead DPS.  

With the FCRPS biological opinion jeopardy finding, NMFS developed reasonable and 
prudent alternatives (RPAs) that would be required for implementation by the action 
agencies to avoid jeopardy to listed salmonids in association with the continued operation 
of the FCRPS, the juvenile fish transportation program, and operation of the 19 BOR 
projects in the Basin.  The 199 measures identified to avoid jeopardy are detailed in the 
biological opinion.  In general, the measures define hydrosystem, habitat, harvest, 
hatchery and research actions necessary to improve fish survival, increase prospects for 
listed fish population recovery, and collect needed information to guide future recovery 
actions.  

The measures proposed through the 2000 FCRPS biological opinion to avoid jeopardy to 
listed fish as a result of hydrosystem operation are designed to reduce juvenile and adult 
salmonid mortality attributable to the FCRPS.  The opinion includes 148 proposed 
hydrosystem actions that will lead to: improvements in water management to provide 
direct and indirect survival benefits to salmon; improvements in juvenile fish passage 
survival through the FCRPS to the ocean; improvements in juvenile reservoir survival 
thereby increasing the survival of downstream migrating salmon; improvements in adult 
salmon survival through the FCRPS; improvements in water quality (in particular, total 
dissolved gas levels); active investigations to reduce or resolve critical uncertainties, 
primarily associated with the hypothesis of delayed mortality due to passage through the 
hydrosystem; and enhanced operation and maintenance of fish passage facilities (NMFS 
2000b).  Application of these measures are expected to increase the survival of listed fish. 

The 2000 biological opinion for the operation of the FCRPS was remanded but not set 
aside when NMFS considered remedies to address concerns identified by the Court in 
National Wildlife Foundation v. NMFS, 254 F.Supp.2d 1196 (D. Or. 2003).  NMFS 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 79

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 108 of 1903

1-SER-135

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 135 of 300
(139 of 992)



revised and updated its jeopardy analysis, and based on new information an updated 
proposed action (UPA) was prepared (Action Agencies 2004a).  To a large extent, the 
UPA continued the implementation of the actions contained in the 2000 biological 
opinion.  It continued to focus on actions that will contribute toward meeting the 
performance standards described in the 2000 FCRPS opinion (NMFS 2000b), but also 
includes specific actions designed to address the new jeopardy analysis and remand 
directions from the court (Action Agencies 2004b).

In November of 2004, NMFS completed a biological opinion analyzing the UPA 
submitted by the Action Agencies (NMFS 2004b).  On May 26, 2005, the U.S. District 
Court declared that the 2004 remanded biological opinion on the UPA was invalid.  The 
court found that the 2004 opinion was legally flawed in four respects: (1) the improper 
segregation of the elements of the proposed action NMFS deems to be nondiscretionary; 
(2) the comparison, rather than the aggregation, of the effects of the proposed action; (3) 
the flawed critical habitat determinations; and (4) the failure to consult adequately on 
both recovery and survival in the jeopardy determination.  A final decision by the court 
has not been issued and an appeal process has been initiated.  Until the decision is final 
and the appeal process is completed it is expected that the actions proposed in the UPA 
will continue.  An additional legal action associated with the operation of the FCRPS, has 
lead to a preliminary injunction that includes additional protective measures.  The 
environmental baseline considered in this Opinion includes the effect from both the 
current and anticipated future operations and configurations of the FCRPS facilities as 
described in the UPA (Action Agencies 2004b) and the 2004 biological opinion (NMFS 
2004b).

3.5.2 Habitat Impacts

The quality and quantity of freshwater habitat in much of the Columbia River basin has 
declined dramatically in the last 150 years.  For example, nearly 90 percent of the 
Chinook salmon and steelhead habitat originally available in the Columbia River Basin 
has been lost or degraded (Brannon et al. 2002).  Forestry, farming, grazing, road 
construction, hydrosystem development, mining and urbanization have radically changed 
the historical habitat conditions of the basin.  With the exception of some fall Chinook 
salmon stocks, that spawn and rear in the mainstem Columbia River, salmon and 
steelhead spawning and rearing habitat is found in tributaries to the Columbia and Snake 
Rivers.  Anadromous fish typically spend from a few months to 3 years rearing in 
freshwater tributaries.  Depending on the species, they spend from a few days to one or 2 
years in the Columbia River estuary before migrating out to the ocean and another 1 to 4 
years in the ocean before returning as adults to spawn in their natal streams.  Thirty-two 
subbasins provide spawning and rearing habitat.

Water quality in streams throughout the Columbia River basin has been degraded by 
human activities such as dams and diversion structures, water withdrawals, farming and 
grazing, road construction, timber harvest activities, mining activities and urbanization.
Over 2,500 streams and river segments and lakes do not meet Federally approved, state 
and Tribal water quality standards and are now listed as water quality limited under 
Section 303(d) of the Clean Water Act (CWA).  Tributary water quality problems 
contribute to poor water quality where sediment and contaminants from the tributaries 
settle in mainstem reaches and the estuary. 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 80

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 109 of 1903

1-SER-136

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 136 of 300
(140 of 992)



Most of the water bodies in Oregon, Washington, and Idaho that are on the 303(d) list do 
not meet water quality standards for temperature.  Temperature alterations affect 
salmonid metabolism, growth rate, disease resistance, and the timing of adult migrations, 
fry emergence, and smoltification.   Many factors can cause high stream temperatures, 
but they are primarily related to land-use practices rather than point-source discharges.  
Some common actions that result in high stream temperatures are the removal of trees or 
shrubs that directly shade streams, excessive water withdrawals for irrigation or other 
purposes, and warm irrigation return flows.  Loss of wetlands and increases in 
groundwater withdrawals have contributed to lower base-stream flows, which in turn 
contribute to temperature increases.  Channel widening and land uses that create 
shallower streams also cause temperature increases. 

Pollutants also degrade water quality. Salmon require clean gravel for successful 
spawning, egg incubation, and emergence of fry.  Fine sediments clog the spaces between 
gravel and restrict the flow of oxygen-rich water to the incubating eggs.  Excess nutrients, 
low levels of dissolved oxygen, heavy metals, and changes in pH also directly affect the 
water quality for salmon and steelhead.  Water quantity problems are also an important 
cause of habitat degradation and reduced fish production.  Millions of acres of land in the 
basin are irrigated.  Although some of the water withdrawn from streams eventually 
returns as agricultural runoff or groundwater recharge, crops consume a large proportion.  
Withdrawals affect seasonal flow patterns by removing water from streams in the 
summer (mostly May through September) and restoring it to surface streams and 
groundwater in ways that are difficult to measure.  Withdrawing water for irrigation, 
urban, and other uses can increase temperatures, smolt travel time, and sedimentation.  
Many tributaries have been depleted by water diversions.  Fish and wildlife agency, 
Tribal, and conservation group experts estimated in 1993 that 80 percent of 153 Oregon 
tributaries had low-flow problems (two-thirds caused at least in part by irrigation 
withdrawals) (OWRD 1993).  The Northwest Power and Conservation Council showed 
similar problems in many Idaho, Oregon and Washington tributaries (NPPC 1992).  
Return water from irrigated fields can introduce nutrients and pesticides into streams and 
rivers.

On a larger landscape scale, human activities have affected the timing and amount of 
peak water runoff from rain and snowmelt.  Forest and range management practices have 
changed vegetation types and density, which can affect timing and duration of runoff.  
Many riparian areas, flood plains, and wetlands that once stored water during periods of 
high runoff have become developed.  Urbanization paves over or compacts soil and 
increases the amount and pattern of runoff reaching rivers and streams.  

Blockages that stop the downstream and upstream movement of fish exist at many 
agricultural, hydrosystem, municipal/industrial, and flood control dams and barriers.  
Highway culverts that are not designed for fish passage also block upstream migration.  
Migrating fish are diverted into unscreened or inadequately screened water conveyances 
or turbines, resulting in unnecessary mortality.  Whereas many fish-passage 
improvements have been made in recent years, manmade structures continue to block 
migrations or kill fish throughout the basin. 
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Land ownership has played a part in habitat and land use changes.  Federal lands, which 
compose 50 percent of the basin, are generally forested and influence upstream portions 
of the watersheds.  While there is substantial habitat degradation across all ownerships, in 
general, habitat in many headwater stream sections is in better condition than in the 
largely non-Federal lower portions of tributaries (Doppelt et al. 1993; Frissell 1993; 
Henjum et al. 1994; Quigley and Arbelbide 1997).  In the past, valley bottoms were 
among the most productive fish habitats in the basin (Stanford and Ward 1992; Spence et
al. 1996; ISG 1996).  Today, agricultural and urban land development and water 
withdrawals have altered the habitat for fish and wildlife.  Streams in these areas 
typically have high water temperatures, sedimentation problems, low flows, simplified 
stream channels, and reduced riparian vegetation.  

Mainstem habitats of the Columbia, Snake, and Willamette Rivers have been affected by 
impoundments that have inundated large amounts of spawning and rearing habitat.
Historically, fall Chinook salmon spawned in the mainstem near The Dalles, Oregon, 
upstream to the Pend Oreille River in Washington and the Kootenai River in Idaho, in the 
Snake River downstream of Shoshone Falls, and upstream from the mouth of the Snake 
River to Grand Coulee Dam.  Current mainstem production areas for fall Chinook salmon 
are mostly confined to the Hanford Reach of the mid-Columbia River and to the Hells 
Canyon Reach of the Snake River, with minor spawning populations elsewhere in the 
mid-Columbia, below the lower Snake River dams, and below Bonneville Dam.  Hanford 
Reach is the only known mainstem spawning area for steelhead.  Chum salmon habitat in 
the lower Columbia was also inundated by Bonneville Reservoir.  Mainstem habitat in 
the Columbia, Snake, and Willamette Rivers has been reduced, for the most part, to a 
single channel, flood plains have been reduced in size, off-channel habitat features have 
been lost or disconnected from the main channel, and the amount of large woody debris 
(large snags/log structures) in rivers has been reduced.  Most of the remaining habitats 
are affected by flow fluctuations associated with reservoir management. 

The Columbia River estuary has also been changed by human activities.  Historically, the 
downstream half of the estuary was a dynamic environment with multiple channels, 
extensive wetlands, sandbars and shallow areas.  The mouth of the Columbia River was 
approximately 4 miles wide.  Winter and spring floods, low flows in late summer, large 
woody debris floating downstream and a shallow bar at the mouth of the Columbia River 
kept the environment dynamic.  Today, navigation channels have been dredged, deepened 
and maintained, jetties and pile dike fields have been constructed to stabilize and 
concentrate flow in navigation channels, marsh and riparian habitats have been filled and 
diked, and causeways have been constructed across waterways.  These actions have 
decreased the width of the mouth of the Columbia River to 2 miles and increased the 
depth of the Columbia River channel at the bar from less than 20 to more than 55 feet. 
Sand deposition at river mouths has extended the Oregon coastline approximately 4 miles 
seaward and the Washington coastline approximately 2 miles seaward (Thomas 1981).  

More than 50 percent of the original marshes and spruce swamps in the estuary have been 
converted to industrial, transportation, recreation, agricultural, or urban uses.  More than 
3,000 acres of intertidal marsh and spruce swamps have been converted to other uses 
since 1948 (LCREP 1999).  Many wetlands along the shore in the upper reaches of the 
estuary have been converted to industrial and agricultural lands after levees and dikes 
were constructed.  Furthermore, water storage and release patterns from reservoirs 
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upstream of the estuary have changed the seasonal pattern and volume of discharge.  The 
peaks of spring-summer floods have been reduced, and the amount of water discharged 
during winter has increased. 

Studies begun in 1997 by the Oregon Cooperative Fish and Wildlife Research Unit, 
USGS, and CRITFC have shown that fish-eating birds that nest on islands in the 
Columbia River estuary (Caspian terns, double-crested cormorants, and glaucous-winged 
gulls) are avian predators of juvenile salmonids.  Researchers estimated that the tern 
population on Rice Island (16,000 birds in 1997) consumed 6 to 25 million outmigrating 
smolts during 1997 (Roby et al. 1998) and 7 to 15 million outmigrating smolts during 
1998 (Collis et al. 1999).  The observed levels of predation prompted the regional fish 
and wildlife managers to investigate the feasibility of management actions to reduce the 
impacts.  Early management actions appear to have reduced predation rates; researchers 
estimate that terns consumed 7.3 million smolts during 1999 (Columbia Bird Research 
2000).  Because Rice Island is a dredged material disposal site in the Columbia River 
estuary, created by the Corps under its Columbia River Channel Operation and 
Maintenance Program, the effects of tern predation on the survival and recovery of listed 
salmonids are considered in a separate consultation on that program.  This factor is 
considered part of the environmental baseline on effects of the FCRPS. 

The Basinwide Recovery Strategy (NMFS 2000c) outlines a broad range of current 
habitat programs.  Because most of the basin’s anadromous fish spawning habitat is in 
Federal ownership, Federal land management programs are of primary importance.  
Current management of eastside forests is governed by an ecosystem-based aquatic 
habitat and riparian-area management strategy known as PACFISH, westside forests are 
managed under the Northwest Forest Plan, and associated biological opinions.  This 
interim strategy covers the majority of the basin accessible to anadromous fish and 
includes specific prescriptions designed to halt habitat degradation.

The Basinwide Recovery Strategy (NMFS 2000c) also outlines a large number of non-
Federal habitat programs.  Because non-Federal habitat is managed predominantly for 
private rather than public purposes, however, expectations for non-Federal habitat are 
harder to assess.  Degradation of habitat for listed fish from activities on non-Federal 
lands is likely to continue to some degree over the next 10 years, although at a reduced 
rate due to state, Tribal, and local recovery plans. 

The 2004 UPA (Action Agencies 2004b) included measures proposed to avoid jeopardy 
to listed fish as a result of hydrosystem operation. The “measures to avoid jeopardy” 
were designed to reduce juvenile and adult salmonid mortality attributable to passage 
through the system.  Included were proposed habitat-directed measures intended to 
accelerate efforts to improve survival in priority areas in the short term, while laying a 
foundation for long-term strategies through sub-basin and watershed assessment and 
planning.

3.5.3 Natural Conditions 

Changes in the abundance of salmonid populations are substantially affected by changes 
in the freshwater and marine environments.  For example, large scale climatic regimes, 
such as El Niño, affect changes in ocean productivity.  Much of the U.S. Pacific coast 
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was subject to a series of very dry years during the first part of the 1990s.  In mid 1990s, 
severe flooding has adversely affected some stocks.  For example, the low return of 
Lewis River bright fall Chinook salmon in 1999 is attributed to flood events during 1995 
and 1996. 

Salmon and steelhead are exposed to high rates of natural predation, particularly during 
freshwater rearing and migration stages.  Ocean predation may also contribute 
substantially to natural mortality, although the levels of predation are largely unknown.
In general, salmonids are prey for pelagic fishes, birds, and marine mammals, including 
harbor seals, sea lions, and killer whales.  There are concerns that rebounding seal and 
sea lion populations, following their protection under the Marine Mammal Protection Act 
of 1972, has resulted in substantial mortality for salmonids. In recent years, for example, 
sea lions have learned to target UWR spring Chinook salmon in the fish ladder at 
Willamette Falls. 

Recent evidence suggests that marine survival of salmonids fluctuates in response to 20- 
to 30-year cycles of climatic conditions and ocean productivity (Beamish and Bouillon 
1993; Beamish et al. 1999; Cramer et al. 1999; Hare et al. 1999).  This phenomenon has 
been referred to as the Pacific Decadal Oscillation (PDO) (Mantua et al. 1997).  The 
mechanism whereby stocks are affected is not well understood.  The pattern of response 
to these changing ocean conditions has differed among stocks, presumably due to 
differences in their ocean timing and distribution.  It is presumed that survival is driven 
largely by events occurring between ocean entry and recruitment to a sub-adult life stage.  
One indicator of early ocean survival can be computed as a ratio of coded-wire tag 
(CWT) recoveries of sub-adults relative to the number of CWTs released from that brood 
year.  Time series of survival rate information for Upper Willamette River spring 
Chinook salmon, Lewis River fall Chinook salmon, and Skagit fall Chinook salmon show 
highly variable or declining trends in early ocean survival, with very low survival rates in 
recent years (NMFS 1999a).  Ocean conditions that affect the productivity of Northwest 
salmonid populations appear to have been in a low phase of the cycle for some time and 
to have been an important contributor to the decline of many stocks.  The survival and 
recovery of these species will depend on their ability to persist through periods of low 
natural survival. 

3.5.4 Harvest Impacts 

The history of harvest of Columbia River basin salmon parallels that of the entire region.  
Commercial fishing developed rapidly with the arrival of European settlers and the 
advent of canning technologies in the late 1800s.  Development of non-tribal fisheries 
began in about 1830; by 1861, commercial fishing was an important economic activity.  
The early commercial fishery used gill nets, seines hauled from shore, traps, and fish 
wheels.  Later, purse seines and troll (using hook and line) fisheries were developed.
Recreational (sport fishing) began in the late 1800s, occurring primarily in tributary 
locations (ODFW and WDFW 1998).  

Initially, the non-tribal fisheries targeted spring and summer Chinook salmon and these 
runs dominated the commercial harvest during the 1800s.  Eventually the combined 
ocean and freshwater harvest rates for Columbia River spring/summer Chinook salmon 
exceeded 80 percent and sometimes 90 percent of the run, contributing to the species' 
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decline (Ricker 1959).  From 1938 to 1955, the average harvest rate dropped to about 60 
percent of the total spring Chinook salmon run and appeared to have a minimal effect on 
subsequent returns (NMFS 1991b).  Until the spring of 2000, when a relatively large run 
of hatchery spring Chinook salmon returned and provided for a small tribal commercial 
fishery, the last commercial season for spring Chinook salmon had occurred in 1977.  At 
present, Columbia River harvest rates are very low compared to those from the late 1930s 
through the 1960s (NMFS 1991b).  All fishing concentrates on surplus hatchery-origin 
fish.  Harvest is still limited based on impacts on natural-origin fish (i.e., allowable 
impact levels on natural-origin fish drive harvest opportunity).  The annual harvest rate is 
managed on a sliding scale of impacts on listed Upper Columbia River and Snake River 
spring/summer Chinook salmon that allows for a modest level of harvest when runsizes 
are higher, while limiting harvest at low levels if and when runsizes decline (NMFS 
2005a).  The harvest rates under the sliding scale have been found to not appreciably 
reduce the likelihood of survival and recovery of listed spring and summer Chinook 
salmon (NMFS 2005a).  

The summer Chinook salmon run could not sustain the average harvest rate of 88 percent 
that was applied between 1938 to 1944, and produced lower returns between 1942 and 
1949 (NMFS 1991b).  During 1945 through 1949, the Columbia River harvest rate on 
summer Chinook salmon was reduced to about 47 percent, and subsequently, the run size 
increased.  Construction of Grand Coulee Dam in 1941, with the resulting inundation of 
summer Chinook salmon spawning areas, was a primary factor influencing this species' 
declining abundance.  In the 1950s and 1960s, harvest rates further declined to about 20 
percent (Raymond 1988).  This species has not been the target of any commercial harvest 
since 1963, but tribal commercial fisheries were allowed in 2002. 

Following the sharp declines in spring and summer Chinook salmon in the late 1800s, fall 
Chinook salmon became a more important component of the catch (NMFS 1991c).  Fall 
Chinook salmon have been the greatest contributor to Columbia River salmon catches in 
most years since 1890.  Through the first part of this century, the commercial catch was 
usually canned for marketing.  The peak year of commercial sales was 1911, when 49.5 
million pounds of fall Chinook salmon were landed.  Columbia River Chinook salmon 
catches were generally stable from the beginning of commercial exploitation until the late 
1940s, when landings declined by about two-thirds to a level that remained stable from 
the 1950s through the mid-1980s (ODFW and WDFW 1998).  Since 1938, total salmonid 
landings (all species) have ranged from a high of about 2,112,500 fish in 1941 to a low of 
about 68,000 fish in 1995 (Figure A.1 in ODFW and WDFW 1998).   

The management of the fall Chinook salmon fisheries in the Columbia River is designed 
to limit harvest impacts on listed Snake River fall Chinook salmon, ensure escapement to 
naturally produced populations above McNary Dam, naturally produced bright 
populations in the lower Columbia River, and  provide for hatchery broodstock needs.
Analysis of past and current harvest management has suggested that harvest reductions 
and other actions have improved survival in recent years for Snake River fall Chinook 
salmon and contributed to their increased abundance (NMFS 2005a).  NMFS concluded 
that the harvest impacts under the proposed 2005-2007 fisheries regime are not likely to 
appreciable reduce the likelihood of survival and recovery (NMFS 2005a).
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Whereas freshwater fisheries in the basin were declining during the first half of this 
century, ocean fisheries were growing, particularly after World War II.  This trend 
occurred up and down the West Coast, as fisheries with new gear types emerged to gain 
first access to the migrating salmon runs.  Large mixed-stock fisheries in the ocean 
gradually supplanted the freshwater fisheries, which were increasingly restricted or 
eliminated to protect spawning escapements.  By 1949, the only freshwater commercial 
gear types remaining were gill net, dip and hoop nets (ODFW and WDFW 1998).  This 
emergence by various fisheries and gear types resulted in conflicts about harvest 
allocation and the displacement of one fishery by another.  Ocean trolling peaked in the 
1950s; recreational fishing peaked in the 1970s.  The ocean harvest has declined since the 
early 1980s as a result of declining fish populations and increased harvest restrictions 
(ODFW and WDFW 1998). 

Listed Columbia River Chinook salmon and coho salmon are harvested in ocean fisheries 
from California to Alaska.  Ocean fisheries from Southeast Alaska to northern 
Washington are managed under the Pacific Salmon Treaty (NMFS 1999b), and coastal 
fisheries off California, Oregon, and Washington are managed by the Pacific Fisheries 
Management Council (NMFS 2001a, 2004c).  The fisheries are managed to limit impacts 
on listed species and annual fisheries restrictions are coordinated between ocean and 
inriver Columbia River fisheries to meet overall management limits (WDFW 2006).  

The construction of The Dalles Dam in 1957 had a major effect on tribal fisheries.  The 
Dalles Reservoir flooded Celilo Falls and inundated the site of a major tribal fishery that 
had existed for millennia.  Tribal commercial landings at Celilo Falls from 1938 through 
1956 ranged from 0.8 to 3.5 million pounds annually, based primarily on dip netting 
(ODFW and WDFW 1998). With the elimination of Celilo Falls, salmon harvest in the 
area declined dramatically.  In 1957, in a joint action, the states of Oregon and 
Washington closed the tribal fishery above Bonneville Dam to commercial harvest.  
Tribal fisheries that continued during 1957 through 1968 were conducted under Tribal 
ordinances.  In 1968, with the Supreme Court opinion on the appeal of the Puyallup v. 
Washington case, the states re-opened the area to tribal commercial fishing (ODFW and 
WDFW 1998).  For the next 6 years, until 1974, only a limited tribal harvest occurred 
above Bonneville Dam.  By then, the tribal fishery had developed an alternative method 
of setting gillnets which was suitable for catching salmon in the reservoirs (ODFW and 
WDFW 1998). 

The capacity of salmonids to produce substantially more adults than are needed for 
spawning offers the potential for sustainable harvest of naturally produced (versus 
hatchery-produced) fish.  This potential can be realized only if two basic management 
requirements are met: (1) enough adults return to spawn and perpetuate the run and (2) 
the productive capacity of the habitat is maintained.  Catches may fluctuate in response to 
such variables as ocean productivity cycles, periods of drought, and natural disturbance 
events.  However, as long as the two management requirements are met, fishing can be 
sustained indefinitely.  Unfortunately, both prerequisites for sustainable harvest have 
been routinely violated in the past.  The lack of coordinated management across 
jurisdictions, combined with competitive economic pressures to increase catches or to 
sustain them in periods of lower production, resulted in harvests that were too high and 
escapements that were too low.  At the same time, habitat degradation continued reducing 
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the capacity of the salmon stocks to produce numbers in excess of their spawning 
escapement requirements. 

For years, the response to declining catches was hatchery construction to produce more 
fish.  Because hatcheries require fewer adults to sustain their production, harvest rates in 
the fisheries were allowed to remain high, or even increase, further exacerbating the 
effects of overfishing on the natural (non-hatchery) runs mixed in the same fisheries.  To 
address overfishing, harvest management has undergone substantial reforms and many of 
the past problems have been addressed.  Principles of weak stock management are now 
the prevailing paradigm.  Listed salmon and steelhead are no longer the target of 
fisheries, as a result, mixed stock fisheries are managed based on the needs of natural-
origin stocks.   Managers also account, where possible, for total harvest mortality across 
all fisheries.  The focus is now correctly on conservation and secondarily on providing 
harvest opportunity where possible directed at harvestable hatchery and natural-origin 
stocks.

Management changes have also occurred in recent years with the advent of mass 
marking.  Currently, almost all hatchery spring Chinook salmon, coho, and steelhead 
released into the Columbia River basin are adipose fin-clipped to allow for selective 
fisheries.  Mass marking of Columbia Basin hatchery fish has increased from less than 35 
percent before 1990 to more than 90 percent at present.  There are some exceptions to the 
mass marking of all hatchery fish, such as when those fish are for conservation purposes 
or for tribal programs.  The marking of hatchery fish has allowed for selective harvest of 
hatchery spring Chinook salmon and coho salmon since 2002 in recreational and some 
ocean and mainstem commercial fisheries.  Selective fisheries have substantially reduced 
harvest impacts on natural-origin salmon and steelhead.

The mass marking of hatchery fall Chinook salmon has been limited to only a few 
programs in the basin, but is increasing with improvements in marking technology.  
Selective fisheries for marked hatchery fall Chinook salmon would be appropriate for 
protecting naturally produced fall Chinook salmon in tributaries to the Columbia River 
but would curtail mainstem Columbia River fisheries that target healthy naturally 
produced fall Chinook salmon stocks (i.e., Hanford Reach fall Chinook salmon).
Selective fisheries are an important method to manage hatchery fish.  Selective fisheries 
are designed to harvest hatchery fish at high rates (the intended purpose of most 
programs) and to remove hatchery fish not intended to spawn naturally. 

3.5.5 Hatchery Programs 

The current hatchery system in the Columbia River Basin includes over 150 hatchery 
programs at 70 hatchery and associated satellite facilities, some of which were initiated 
more than 110 years ago, and well before the salmon and steelhead were listed pursuant 
to the ESA.  Most hatchery programs in the Pacific Northwest have been used to produce 
fish for harvest, and replace natural production lost to dam construction and other 
development – not to protect and rebuild naturally produced salmonid populations.  Most 
salmonids returning to the region have been primarily derived from hatchery fish.  In 
1987, for example, 95 percent of the coho salmon, 70 percent of the spring Chinook 
salmon, 80 percent of the summer Chinook salmon, 50 percent of the fall Chinook 
salmon, and 70 percent of the steelhead returning to the Columbia River Basin originated 
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in hatcheries (CBFWA 1990).  Because hatchery programs have traditionally focused on 
providing fish for harvest, it is has only been recently that the adverse effects of 
hatcheries on natural populations been demonstrated.  For example, the production of 
hatchery fish and high harvest rates, among other factors, contributed to the 90 percent 
reduction in natural coho salmon runs in the lower Columbia River over the past 30 years 
(Flagg et al. 1995)(see also sections 4.1.8 and 4.2.8). 

While hatchery programs certainly have contributed greatly to the overall numbers of 
salmon, only recently have the impacts of artificial propagation on native naturally 
produced populations been demonstrated.  In the “Overview of Artificial Propagation” 
section below, is a discussion of the general risks and benefits of hatchery programs.  A 
detail review of the risks of artificial propagation to listed populations follows the 
overview.  The “Overview of Artificial Propagation” section describes how past artificial 
propagation programs and hatchery fish management contributed to the decline of listed 
species in the Columbia River Basin.  However, the adverse effects of artificial 
propagation have been and are being addressed through hatchery reforms.  These 
hatchery reforms are the result of previous artificial propagation biological opinions (i.e., 
NMFS 1999a) and from efforts by the Action Agencies and hatchery operators (Table 
15).

The 2000 and 2004 NMFS FCRPS biological opinions (NMFS 2000b, 2004b) included 
measures for artificial propagation that would allow for the Action Agencies to provide 
additional funding for hatchery reform measures for current programs (i.e., resources 
beyond those that they are already obliged to provide or comply with standing or new 
hatchery biological opinions and, thus continue to meet their mitigation responsibilities), 
to satisfy survival goals within the meaning of the FCRPS biological opinion.  

The release into the Columbia River of artificially propagated salmon and steelhead 
totaled over 143 million in 2005 (Ferguson 2005).  The 2005 releases include the 20.9 
million juveniles from the nine USFWS programs that are the subject of this Opinion.  
The 143 million total release in 2005 is a reduction from past releases that averaged over 
200 million juveniles in the mid 1990s.  Reductions in the total number released are due 
to program changes, cuts in program funding, and low adult returns.  To limit potential 
adverse impacts NMFS established a production ceiling of 197.7 million smolts for all 
production in the Columbia River basin that was not for recovery purposes (NMFS 
1995b, 1999a).  This limit on the total number of hatchery fish released was implemented 
because of the lack of understanding regarding the ability of the migration corridor, 
estuary, and ocean environment to handle large numbers of artificially propagated and 
natural produced fish and the potential for adverse interactions between artificially 
propagated and naturally produced juveniles (see section 4.1.5).

3.5.5.1 Overview of Artificial Propagation 

The history, development, and management of anadromous fish artificial propagation 
facilities in the Columbia River Basin has been summarized by the Columbia Basin Fish 
and Wildlife Authority and USFWS (CBFWA 1990).  A report by Brannon et al. (1999) 
updates the CBFWA report and identifies recent changes and reforms to hatchery 
operations and hatchery management and goes on to propose further changes.  Hatchery 
programs funded to mitigate for declines in fish runs due to habitat destruction from 
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hydropower construction, human development, resource extraction, and overfishing have 
primarily been programmed to produce fish for harvest. Hatchery programs cannot 
restore habitat productivity but they are expected to compensate for impacts on cultural 
and economic values.  There has been a shift occurring in hatchery management from 
augmenting harvest to restoring, maintaining and conserving natural populations of 
anadromous salmonids (RASP 1992; NPPC 1994; Fast and Craig 1997).  Within the last 
decade and a half hatchery programs have responded to ESA listings and the continuing 
declines in natural populations by reducing impacts on salmon and steelhead viability and 
in some cases by shifting to conservation programs (see Flagg and Nash 1999).  
Conservation programs can increase genetic resources (i.e., hatchery fish included in as 
ESU (or DPS), and in combination with measure that reduce factors limiting viability can 
promote ESU and DPS viability and recovery).  Improvements and changes in hatchery 
programs has followed a general call for hatchery reform within the Pacific Northwest.  
These improvements and changes are to ensure that existing natural-origin salmonid 
populations are preserved, and that hatchery-induced genetic and ecological impacts do 
not appreciably reduce the likelihood of salmon ESU and steelhead DPS survival and 
recovery.

A large number of scientific papers have examined the potential beneficial effects and 
risks to natural-origin salmon populations posed by artificial propagation operations and 
fish production (for example Lichatowich and McIntyre 1987; Hard et al. 1992; Witty et 
al. 1995; Waples 1999).  In particular, the benefits and risks associated with the use of 
hatchery-based supplementation to recover depleted salmon populations has recently 
received extensive attention in the literature (e.g., Steward and Bjornn 1990; Miller 1990, 
Cuenco et al. 1993; Busack and Currens 1995; Waples 1996; Bugert 1998; Flagg and 
Nash 1999; HSRG 2004).  Drawing from this literature and other papers, the following is 
an overview of benefits and risks to natural salmonid populations that may be associated 
with artificial propagation programs. 

Benefits
Hatchery-based supplementation programs (defined as the use of hatchery fish to slow 
population declines or improve population viability) may provide benefits to listed 
populations by: 

• Using the hatchery to reduce the risk that a population on the verge of extirpation 
will be lost by expeditiously boosting the number of emigrating juveniles in a 
given brood year. 

• Preserving or increasing the genetic resources (e.g. by increasing the number of 
natural spawners) of salmonid populations while other factors causing decreased 
viability are addressed.

• Accelerating the recovery of populations by increasing the number of naturally 
spawning fish in a shorter time frame than may be achievable through natural 
production.

• Increasing the “nutrient capital” in the freshwater ecosystem supporting natural 
salmonid populations by increasing the numbers of decomposing supplementation 
program-origin salmonid carcasses in a watershed (Cederholm, et al. 1999). 

• Establishing a reserve population for use if the natural population suffers a 
catastrophic loss.  
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• Reseeding vacant habitat by reintroducing fish into streams where indigenous 
populations have been extirpated while the causes of extirpation are being 
addressed.

• Using hatchery programs to collect and provide new scientific information 
regarding the use of supplementation in conserving natural populations.

Hatchery programs producing non-listed salmonid species are being used to benefit 
commercial, tribal, and recreational fisheries.  All of the artificial propagation programs 
that are considered in this consultation are designed to provide fish for harvest in 
commercial, tribal, and recreational fisheries.  These non-listed fish production programs 
are also used to meet international harvest objectives set forth under the Pacific Salmon 
Treaty agreement, and to mitigate for natural salmonid production losses due to habitat 
blockage and degradation.

Risks
The development of extensive artificial propagation programs for anadromous fish, the 
increasing dependence on artificial propagation to support fisheries, the use of artificial 
propagation to compensate for habitat destruction, and the potentially adverse impacts 
from these programs on the viability of salmon ESUs and steelhead DPSs have been well 
documented.  The following reviews focusing on artificial propagation in the Columbia 
River Basin present important perspectives regarding hatchery impacts, and the 
programmatic need for changes in how hatcheries are operated commensurate with 
natural salmonid population preservation objectives: Upstream: Salmon and Society in 
the Pacific Northwest (NRC 1996); Return to the River: Restoration of Salmonid Fishes 
in the Columbia River Ecosystem (ISG 1996); Review of Salmonid Artificial Production 
in the Columbia River Basin: As a Scientific Basis for Columbia River Production 
Programs (ISAB 1998); Artificial Production Review - Report and Recommendations of 
the Northwest Power Planning Council (NPPC 1999); A Conceptual Framework for 
conservation Hatchery Strategies for Pacific Salmonids (Flagg and Nash 1999); Hatchery
Reform: Principles and Recommendations (HSRG 2004); Propagated Fish in Resource 
Management (AFS 2005); and A Framework for Determining Hatchery Effects (NMFS 
2006f).  The literature above describes how artificial propagation programs can pose risks 
to naturally produced populations through a number mechanisms.  These are: impacts to 
the genetic and ecological health of natural populations; impacts from fisheries 
management; and the potential to mask the status of natural-origin populations which 
effects public policy and decision making.  In this consultation, the artificial propagation 
program risks are separated into 11 general risks related to: 

• Operation of Hatchery Facilities 
• Broodstock Collection 
• Genetics
• Disease
• Competition/Density Dependant Effects 
• Predation
• Residualism
• Fisheries
• Masking
• Nutrient Cycling 
• Monitoring and Evaluation 
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These risks from artificial propagation are discussed in greater detail in the following 
section and will include descriptions of management actions that are designed to 
minimize these risks to naturally produced populations.  

3.5.5.2 Hatchery Reform 

NMFS’ status reviews of the listed ESUs (Busby et al. 1996; Myers et al. 1998; Johnson 
et al. 1997; Weitkamp et al. 1995; WCSBRT 2003; McElhany et al. 2004) identified 
hatchery effects as potential factors for the decline in these ESUs.  The intent of hatchery 
reform is to reduce hatchery impacts and promote recovery while retaining it proven 
production benefits.  For example, hatchery programs are in the process of phasing out 
the use of improper broodstocks, such as out-of-basin or out-of-ESU stocks, replacing 
them with fish derived from, or more compatible with, locally adapted populations (Table 
15).  Many programs now incorporate improved production techniques.  The basic thrust 
of many of these reforms has been to produce fish that pose less risk to natural 
populations, either by minimizing interactions with natural populations (i.e., the hatchery 
isolation strategy) or by making hatchery fish more compatible with them.  Hatchery 
reform is needed not only to address artificial propagation’s affects on listed fish but also 
to improve the overall success of artificial propagation programs in achieving their goals. 

The recovery of listed fish cannot be achieved simply by releasing more hatchery-
produced fish, regardless of their ancestry or how they are produced, into natural 
production areas.  Hatchery programs cannot restore habitat productivity and they cannot 
provide the productive conditions necessary to restore self-sustaining populations in their 
natural habitats.  The overarching goal of the reforms described here is to reduce or 
eliminate adverse biological, and management effects of artificial propagation on natural 
populations while still mitigating for impacts on fisheries, and retaining and enhancing 
the potential of hatcheries to contribute to basinwide objectives for conservation and 
recovery.  The goal still includes providing fishery benefits to achieve mitigation 
mandates, but now, particularly given the very depressed status of many populations, an 
increased emphasis on conservation and recovery is necessary, a mission for which many 
older programs were not designed (NMFS 2000d). 

In analyzing effects of the actions on species listed under the ESA, NMFS focuses on the 
biological requirements of the species.  NMFS’ understanding of these requirements 
derives from many sources, including the general conservation literature, specific NMFS 
studies of salmon, as well as by others, and recommendations of the Tribes, state, and 
other Federal fish and wildlife agencies and experts.  NMFS recently published a 
compilation of scientific information in “Viable Salmonid Populations and the Recovery 
of Evolutionarily Significant Units” (McElhany et al. 2000).  This document identifies 
criteria and guidelines relevant to the needs of salmonid populations.  Hatchery programs 
can affect these biological needs.  Accordingly, subsequent to the listings, NMFS began 
to address these programs in biological opinions issued or still in progress under Sections 
4(d), 7, and 10 of the ESA for hatchery programs throughout the Columbia River basin.  
In those biological opinions, NMFS evaluated the positive and the deleterious effects of 
artificial propagation on listed species.  Deleterious effects must be eliminated or reduced 
enough to avoid jeopardizing listed species and to provide for their survival and recovery.
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NMFS’ consultations have led to substantial changes in artificial propagation programs 
throughout the region (see Table 15 for a list of accomplished hatchery reforms). 

Table 15.  A subset of implemented hatchery reform actions for hatchery programs in the 
Columbia River basin and the year they were implemented. 

Reform Action Goals/Outcome
NMFS set production ceiling to 197.7 
million in Columbia River Basin (1995). 

Limit potential adverse impacts. 

Increased the mass marking of hatchery 
production from < 35 percent before 1990 
to over 90 percent at present. 

Allows for selective fisheries, reduces 
masking effects, allows for identification at 
hatchery weirs and on spawning grounds. 

Moved release location of hatchery “select 
area bright” fall Chinook salmon from Big 
Creek Hatchery to North Fork Klaskinine 
(1996 brood). 

Substantially reduced the number of 
hatchery strays recovered in other basins in 
Lower Columbia River. 

Terminated the release of Skamania stock 
summer steelhead in the Wind River 
(1997).

Allows for Wind River to be managed for 
natural-origin steelhead only. 

Changed hatchery spring Chinook salmon 
release location from above Marmot Dam 
to the Sandy Hatchery (1994). 

Substantially reduced the number of 
hatchery spring Chinook salmon trapped at 
Marmot Dam and potentially spawning 
naturally in the upper basin. 

Hatchery spring Chinook salmon adults are 
no longer transferred between basins to 
meet hatchery production goals (1998). 

Allows for the development of locally 
adapted hatchery broodstocks. 

Reductions in the number of Lyons Ferry 
Hatchery summer steelhead released into 
the Touchet and Walla Walla Rivers (2001, 
with further reduction in 2004). 

Good survival and high harvest rates 
allowed for reduction in total releases while 
still meeting mitigation goals.  Reduces 
impacts on listed summer steelhead. 

Hatchery coho salmon are no longer 
transferred between hatchery programs to 
meet hatchery production shortfalls (varies 
with program, most recent transfer in 
2001).

Allows for the development of locally 
adapted hatchery broodstocks. 

Hatchery programs that release resident 
trout or “catchable” trout into anadromous 
waters have been discontinued or changed 
to isolated programs (varies with state mid 
1980s in Washington and 1995 in Oregon). 

Has reduced mortality on juvenile 
steelhead from trout fisheries targeting 
stock trout. 

In determining the extent of necessary reform of hatchery programs, and the rate at which 
they must occur, NMFS has considered a number of factors.  These include, but are not 
limited to the status and the importance of different populations to recovery, the amount 
of benefit to listed fish accruing from the proposed reform, the extent of improvement 
already achieved from earlier reforms, the cost of the reforms (both economic and in 
terms of impacts on other goals and objectives), how quickly they can be implemented, 
how soon they will produce results, and how well the benefits to the fish can be 
measured.  While all these factors must be considered in hatchery ESA consultations, a 
consistent approach to hatchery reforms should be employed throughout the Columbia 
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River basin, always with the result being a determination that each proposed hatchery 
program will be operated in a way that does not reduce the likelihood of survival or 
recovery of the listed fish. 

Scientific knowledge regarding the benefits and risks of artificial propagation is 
incomplete, but improving.  Artificial propagation measures have proven effective in 
many cases at alleviating near-term extinction risks, yet the potential long-term benefits 
of artificial propagation as a recovery tool are unclear.  Scientific uncertainty remains 
about whether and to what extent hatcheries, as they are currently operated, pose a 
continuing risk to natural populations.  The hatchery operators conduct monitoring and 
evaluation activities to address these issues and to evaluate the success of artificial 
propagation programs.  

A number of studies and reviews of artificial propagation in the Columbia River basin 
have occurred in recent years (see list above).  Although their scope is different from 
NMFS’ focus under the ESA, their findings and recommendations generally are 
consistent with the reform measures identified here.  In general, the standards and 
guidelines that emerged from these reviews are aimed at improving the effectiveness of 
artificial propagation programs, minimizing deleterious impacts on natural populations, 
meshing hatchery propagation and policies with harvest objectives, and increasing 
accountability and efficiency in hatchery programs.  Integrating hatchery and harvest 
policies is especially important to meeting obligations and Treaty-trust responsibilities for 
Tribal and non-Tribal fisheries. 

The studies and reviews of artificial propagation in the Columbia River basin have 
identified a number of major hatchery-specific reforms that include: 

• Development of new, local broodstocks (eliminating inappropriate broodstocks). 
• Use of acclimation facilities for existing propagation programs.  
• Construction of broodstock collection facilities or modifications to current 

facilities to manage adult hatchery returns.  
• Marking of all hatchery fish with appropriate internal and/or external marks. 
• Development of HGMPs with prescribed protocols.  
• Reducing the numbers and locations of hatchery fish releases. 
• Managing gene flow by controlling the proportion of natural spawners comprised 

of hatchery fish. 

The rate of implementation of hatchery program reforms is dependent on a number of 
factors.  These factors include but are not limited to the availability of immediate funds, 
the availability of broodstock, and whether the reform requires major hatchery facilities 
modifications.  Some reforms can be implemented quickly including changing the 
number of hatchery fish released, altering the location of release to minimize ecological 
impacts on listed populations and preventing the transfer of inappropriate stocks to 
minimize genetic effects.  The hatchery reforms proposed by the USFWS for the nine 
programs and current hatchery practices, will be reviewed in this consultation. 
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3.6 Critical Habitat  

Critical habitat was designated and described in detail for these ESUs (except LCR coho 
salmon) in the February 16, 2000, Federal Register notice (65 FR 7764).  However, on 
April 30, 2002, the U.S. District Court for the District of Columbia approved a NMFS 
consent decree withdrawing the February 2000 critical habitat designation for these 
ESUs.  In December 2004, critical habitat was proposed for those ESUs listed in Table 3 
(69 FR 74572, December 14, 2004), excluding LCR coho salmon, with final designation 
on September 2, 2005 (70 FR 52630).  Critical habitat is currently designated per the 
September 2005 rule, which went into effect January 1, 2006.  Critical habitat for LCR 
coho salmon is currently under going development.  

In the critical habitat designation, NMFS published a list of primary constituent elements 
(PCEs) for salmon and steelhead (70 FR 52630).  These PCEs include sites essential to 
support one or more life stages of the ESU (sites for spawning, rearing, migration, and 
foraging).  These sites in turn contain physical or biological features essential to the 
conservation of the ESU.  Specific types of sites and the features associated with them 
include: (1) Freshwater spawning sites with water quantity and quality conditions and 
substrate supporting spawning, incubation and larval development; (2) Freshwater rearing 
sites with water quantity and floodplain connectivity to form and maintain physical 
habitat conditions and support juvenile growth and mobility; water quality and forage 
supporting juvenile development; and natural cover such as shade, submerged and 
overhanging large wood, log jams and beaver dams, aquatic vegetation, large rocks and 
boulders, side channels, and undercut banks; (3) Freshwater migration corridors free of 
obstruction with water quantity and quality conditions and natural cover such as 
submerged and overhanging large wood, aquatic vegetation, large rocks and boulders, 
side channels, and undercut banks supporting juvenile and adult mobility and survival; 
(4) Estuarine areas free of obstruction with water quality, water quantity and salinity 
conditions supporting juvenile and adult physiological transitions between fresh-and 
saltwater; natural cover, such as submerged and overhanging large wood, aquatic 
vegetation, large rocks and boulders, side channels; and juvenile and adult forage, 
including aquatic invertebrates and fishes, supporting growth and maturation; (5) 
Nearshore marine areas free of obstruction with water quality and quantity conditions and 
forage, including aquatic invertebrates and fishes, supporting growth and maturation; and 
natural cover such as submerged and overhanging large wood, aquatic vegetation, large 
rocks and boulders, and side channels; and (6) Offshore marine areas with water quality 
conditions and forage, including aquatic invertebrates and fishes, supporting growth and 
maturation (70 FR 52630).   

For all of the listed species affected by these programs, the watersheds that are within the 
action area (as described in section 2.2) have been designated as essential for spawning, 
rearing, juvenile migration, and adult migration.  In the Willamette and Lower Columbia 
Rivers and their tributaries, major factors affecting PCEs are altered channel morphology 
and stability; lost/degraded floodplain connectivity; loss of habitat diversity; excessive 
sediment; degraded water quality; increased stream temperatures; reduced stream flow; 
and reduced access to spawning and rearing areas (LCFRB 2005; ODFW 2006a; PCSRF 
2006).  In the Middle Columbia area the major factors affecting PCEs are altered channel 
morphology and floodplain; excessive sediment; reduced spawning and rearing habitat; 
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degraded water quality; reduced streamflow; and impaired passage (ODFW 2006b; 
PCSRF 2006). 

The facilities used for proposed hatchery programs are located outside the floodplain and 
have not led to altered channel morphology and stability, reduced and degraded 
floodplain connectivity, excessive sediment, or the loss of habitat diversity.  These 
facilities are designed such that  they do not reduce access to spawning and rearing 
habitat, or increase water temperatures.    

For most of the proposed artificial propagation programs, the features potentially affected 
would be freshwater spawning and rearing water quantity and water quality associated 
with water withdrawal and effluent.  In addition to effects on freshwater spawning and 
rearing, the weir at the Warm Springs NFH acts as an obstruction to freshwater 
migration.  These latter factors are considered in the effects analysis below (see sections 
4.1.1 and 4.2.1). 

4.0 EFFECTS OF THE ACTIONS

In this section, we evaluate the expected impacts of the proposed action on listed salmon 
and steelhead in the action area.  The steps used in this consultation to evaluate the risks 
artificial propagation programs pose to listed species are a refined version of the 
procedures used in NMFS (1995a) and NMFS (1999a), incorporating scientific 
information that continues to be developed.   

In this section, we will: 
1) Describe in detail the general risks that artificial propagation programs can 

pose to natural-origin salmon and steelhead (Section 4.1).
2) Analyze the impacts on individual listed salmon and steelhead in the action 

area from each of the hatchery programs, under each of the 11 general risks 
described in 1 above  – note that the effect that each general risk poses to 
natural-origin fish, (from no impact to adversely impact), will depend on the 
program, the program’s location, species propagated, and other factors 
(Section 4.2).

3) Describe other actions anticipated to take place in the action area, whose 
effects might be expected to be additive to those of the proposed action, and 
which are not likely to be subject to future consultation under section 7 
(Section 4.3).

4) Synthesize for each of the listed species, the impacts from all of the proposed 
artificial propagation programs, together with anticipated impacts of other 
future actions, and then evaluate the implications of these impacts on the 
likelihood of survival and recovery of the affected species and on their critical 
habitat, “rolling up” action area impacts on the population and major 
population group(s), and ultimately to the ESU/DPS level (Section 4.4). 

4.1 Factors to be Considered 

NMFS analyzes the direct and indirect effects of an action on the species or its critical 
habitat, together with the effects of other activities that are interrelated or interdependent 
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with that action that will be added to the environmental baseline.  Indirect effects are 
those that are caused by the proposed action and are later in time, but still are reasonably 
certain to occur.  Interrelated actions are those that are part of a larger action and depend 
on the larger action for the justification.  Interdependent actions are those that have no 
independent utility apart from the action under consideration (50 CFR §402.02).

As already stated in this Opinion, these proposed actions are mitigation for impacts on 
salmon and steelhead production.  In the course of providing mitigation, these actions 
may result in the incidental take of listed salmon and steelhead.  The applicants have 
proposed protective measures that will minimize the extent of this take.  The analysis in 
section 4.2 considers whether or not the artificial propagation programs pose substantial 
risk to the likelihood of the continued survival and recovery of the listed salmon and 
steelhead ESUs or adversely modify of critical habitat.  Before that analysis the 
remainder of this section discusses how various aspects artificial propagation can impact 
naturally produced populations.

The Biological Opinion on Artificial Propagation in the Columbia River (NMFS 1999a), 
the Biological Opinion on Effects of the Upper Columbia River Spring Chinook Salmon 
Supplementation Program and Associated Scientific Research and Monitoring Conducted 
by the Washington Department of Fish and Wildlife and the U.S. Fish and Wildlife 
Service (NMFS 2002c), Biological Opinion on Artificial Propagation in the Hood Canal 
and Eastern Strait of Juan de Fuca Regions of Washington State (NMFS 2002d), and the
Biological Opinion on Artificial Propagation of non-listed species in the Upper 
Columbia River region of Washington State (NMFS 2003a), identify multiple general 
types of potential adverse effects of hatchery operations and production on population 
viability.  These were listed above in the Overview of Artificial Propagation section.  
This analysis will consider those general risks: (1) operation of hatchery facilities, (2) 
broodstock collection, (3) genetic introgression, (4) disease, (5) competition/density-
dependent effects, (6) predation, (7) residualism, (8) nutrient cycling, (9) masking, (10) 
fisheries, and (11) monitoring and evaluation/research.  A full discussion of each of these 
types of potential impacts is provided in the documents listed above and in the following 
sections.  This Opinion considers the potential impacts of the specific artificial 
propagation programs as described in the Proposed Actions of this document in a manner 
consistent with the previously issued biological opinions listed above.

Adverse impacts caused by several of the general risk types listed above on listed 
Chinook salmon, coho salmon, and steelhead by the proposed artificial propagation 
programs are unlikely because of differences among the species.  Steelhead and coho 
salmon programs, for example, will not pose a risk to listed Chinook salmon from genetic 
introgression.  Additionally, some potential impacts apply generally, such as the 
operation of hatchery facilities, risks from competition/density dependent effects, 
predation, disease, residualism, and monitoring and evaluation.  The means to minimize 
the impacts from each of these risks are largely the same for all of the programs and the 
methods to reduce these impacts are summarized in section 4.1.  Programs that we 
believe may have a higher impact from the perspective of a particular risk, are analyzed 
in greater detail within this consultation and these are listed in Table 16. 
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Inclusion of Artificial Propagation Programs within an ESU/DPS 
In 2004, NMFS conducted the Artificial Propagation Workshop to present information 
and analysis of artificial propagation programs (NMFS 2004a).  The analysis was used 
along with other documents to inform NMFS’ status review of West Coast salmon and 
steelhead ESU/DPSs.  A document reporting on the workshop was drafted: An
Evaluation of the Effects of Artificial Propagation on the Status and Likelihood of 
Extinction of West Coast Salmon and Steelhead under the Federal Endangered Species 
Act (NMFS 2004).

Table 16.  Categories of potential general risks posed by artificial propagation programs 
and the programs whose impacts warrant additional analysis for a given risk.  

Potential general risk Program warranting additional analysis 
Hatchery Operations 
Broodstock Collection Warm Springs Spring Chinook Salmon 
Genetic Introgression LWS URB Fall Chinook Salmon, Spring Creek 

Tule Fall Chinook Salmon, Eagle Creek Coho 
Salmon, Eagle Creek Winter Steelhead, Walla 
Walla River Basin Summer Steelhead 

Disease
Competition/Density Dependence LWS URB Fall Chinook Salmon, Spring Creek 

Tule Fall Chinook Salmon, Eagle Creek Coho 
Salmon, Eagle Creek Winter Steelhead 

Predation
Residualism
Fisheries
Masking
Nutrient Cycling 
Monitoring and Evaluation Spring Creek Tule Fall Chinook Salmon, Eagle 

Creek Coho Salmon, Eagle Creek Winter 
Steelhead, Warm Springs Spring Chinook Salmon, 

4.1.1 Hatchery Operations 

Potential risks to listed natural salmonids associated with the operation of hatchery 
facilities include: 

1. Hatchery facility failure (power or water loss leading to catastrophic fish losses).
2. Hatchery water intake impacts (stream de-watering and fish entrainment).  
3. Hatchery effluent discharge impacts (deterioration of downstream water quality).  

The actual impacts that hatchery facility operations can have on listed fish depend on the 
likelihood that the hatchery operation will interact with juvenile or adult fish, and 
whether the program is operated to minimize the risk of adverse impacts on listed fish.  

Hatchery Facility Failure: This risk is of particular concern when facilities rear listed 
species, but must be addressed to ensure meeting program goals and objectives.  Factors 
such as flow reductions, flooding and poor fish culture practices may all cause hatchery 
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facility failure or the catastrophic loss of fish under propagation.  The following measures 
are considered important in reducing the risk of catastrophic loss resulting from 
ropagation facility failures:p

Minimizing the time adult fish are held in traps. 
Minimizing hatchery facility failure through on-site residence by hatchery 
personnel to allow rapid response to power or facility failures. 
Using low pressure/low water level alarms for water supplies to notify personnel 
of water emergencies. 
Installing back-up generators to respond to power loss. 
Training all hatchery personnel in standard fish propagation and fish health 
maintenance methods. 

Hatchery Water Intake Impacts: Water withdrawals for hatcheries within spawning and 
rearing areas can diminish stream flow, impeding migration and affecting the spawning 
behavior of listed fish. Water withdrawals may also affect other stream-dwelling 
organisms that serve as food for juvenile salmonids by reducing habitat and through 
displacement, and physical injury.  Hatchery intakes must be screened to prevent fish 
injury from impingement or permanent removal from streams.  To prevent these 
outcomes, water rights issued for regional hatcheries are conditioned to prevent salmon 
migration, rearing, or spawning areas from becoming de-watered.  Hatcheries can also be 
designed to be non-consumptive.  That is, water used in the facility can be returned near 
the point where it was withdrawn to minimize effects on naturally produced fish and 
other aquatic fauna.  The risks associated with water withdrawals can generally be 
minimized by complying with water right permits and meeting NMFS screening criteria 
(NMFS 1995c; NMFS 1996b; NMFS 2004d).  These screening criteria for water 
withdrawal devices set forth conservative standards that help minimize the risk of 
harming naturally produced salmonids and other aquatic fauna.  These risks can also be 
reduced through the use of well water sources for the operation of all or portion of the 
facility production. 

Hatchery Effluent Discharge Impacts: Effluent discharges can change water temperature, 
pH, suspended solids, ammonia, organic nitrogen, total phosphorus, and chemical oxygen 
demand in the receiving stream’s mixing zone (Kendra 1991).  It is usually not known 
how a hatchery’s effluent affects listed salmonids and other stream-dwelling organisms.  
The level of impact depends on the amount of discharge and the flow volume of the 
receiving stream.  Any adverse impacts probably occur at the immediate point of 
discharge, because effluent dilutes rapidly.  The Clean Water Act requires hatcheries (i.e. 
“aquatic animal production facilities”) with annual production greater than 20,000 lbs to 
obtain a National Pollutant Discharge Elimination System (NPDES) permit in order to 
discharge hatchery effluent to surface waters.  These permits are intended to protect 
aquatic life and public health and ensure that every facility treats its wastewater.  The 
impacts from the releases are analyzed and the permit sets site-specific discharge limits 
and monitoring and reporting requirements for the permits and are subject to enforcement 
actions (EPA 1999).  In addition, hatcheries in the Columbia River Basin operate under 
the policies and guidelines developed by the Integrated Hatchery Operations Team 
(IHOT 1995) to reduce hatchery impacts on listed fish.  Impacts on listed salmon and 
steelhead are effectively minimized by having all of the program facilities maintain 
NPDES permits for discharge of hatchery effluent, and by meeting IHOT guidelines. 
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4.1.2 Broodstock Collection 

Broodstock collection can affect listed salmonids through the method of collection and by 
the removal of adults from the spawning population. 

Collection Method:  There are a number of methods for collecting salmonid broodstock: 
taking volunteers returning to the hatchery, using a weir, or a fish ladder-trap 
combination associated with a barrier, such as a dam.  These devices are employed to 
effectively block upstream migration and force returning adult fish to enter a trap and 
holding area.  Trapped fish are counted and either retained for use in the hatchery or 
released to spawn naturally. The physical presence of a weir or trap can affect salmonids 
by:

Delaying upstream migration; 
Causing the fish to reject the weir or fishway structure, thus inducing spawning 
downstream of the trap (displaced spawning); 
Contributing to fallback of fish that have passed above the weir; and
Injuring or killing fish when they attempts to jump the barrier (Hevlin and Rainey 
1993, Spence et al. 1996).
Effect the spatial distribution of juvenile salmon and steelhead seeking preferred 
habitats. 

Impacts associated with operating a weir or trap include:
Physically harming the fish during their capture and retention whether in the fish 
holding area within a weir or trap, or by the snagging, netting or seining methods 
used for certain programs; 
Harming fish by holding them for long durations;  
Physically harming fish during handling; and 
Increasing their susceptibility to displacement downstream and predation, during 
the recovery period.

The proper design and operation of the weirs and traps can reduce many of their potential 
negative impacts (see Hevlin and Rainey 1993; NMFS 2004d).  The installation and 
operation of weirs and traps are very dependent on water conditions at the trap site.  High 
flows can delay the installation of a weir or make a trap inoperable.  A weir or trap is 
usually operated in one of two modes.  Continuously – where up to 100 percent of the run 
is collected and those fish not needed for broodstock are released upstream to spawn 
naturally, or periodically – where the weir is operated for a number of days each week to 
collect broodstock and otherwise left opened to provide fish unimpeded passage for the 
rest of the week.  The mode of operation is established during the development of site-
based broodstock collection protocols and can be adjusted based on in-season escapement 
estimates and environmental factors. 

The potential impacts of weir rejection, fallback and injury from the operation of a weir 
or trap can be minimized by allowing unimpeded passage for a period each week.  
Trained hatchery personnel can reduce the impacts of weir or trap operation, by removing 
debris, preventing poaching and ensuring safe and proper facility operation.  Delay and 
handling stress may also be reduced by holding fish for the shortest time possible, less 
than 24 hours and any fish not needed for broodstock should quickly be allowed to 
recover from handling and be immediately released upstream to spawn naturally (NMFS 
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2004d).  However, it may be necessary to hold fish longer at the beginning and the end of 
the trapping season when the adult numbers are low. 

Beach seines, hook and line, gillnets and snorkeling are other methods used to collect 
adult broodstock for artificial production programs.  All these methods can adversely 
effect listed fish through injury, delaying their migration, changing their holding and 
spawning behavior, and increasing their susceptibility to predation and poaching.  Some 
artificial production programs collect juveniles for their source of broodstock.  Programs 
can collect developing eggs or fry by hydraulically sampling redds or collected emerging 
juvenile fish by capping redds (Young and Marlowe 1996; Shaklee et al. 1995; WDFW 
et al. 1995; WDFW 1998).  Seines, screw traps and hand nets can also be used to collect 
juveniles.  Each of these methods can adversely effect listed fish through handling or 
harming the juvenile fish that remain.  

Adult Removal: The removal of adults from a naturally-spawning population has the 
potential to reduce the size of the natural population (sometimes called “mining”), cause 
selection effects, and remove nutrients from upstream reaches (Spence et al. 1996; NRC 
1996; Kapusinski 1997).  In cases where listed salmonid populations are not even 
replacing themselves and a supplementation hatchery program can slow trends toward 
extinction and buy time until the factors limiting population viability are corrected, risks 
to the natural population, including numerical reduction and selection effects, are in some 
cases subordinate to the need to expeditiously implement the artificial production 
programs that will reduce the likelihood of extinction in the short term of the populations 
and potentially the ESU (i.e., Redfish Lake sockeye).

4.1.3 Genetic Introgression 

A defining characteristic of anadromous salmonids is their high fidelity to their natal 
streams.  Their ability to home with great accuracy and maintain high fidelity to natal 
streams has encouraged the development of locally adapted genetic characteristics that 
allow the fish to use specific habitats.  The genetic risks that artificial propagation pose to 
naturally produced populations can be separated into reductions or changes in the genetic 
variability (diversity) among and within populations (Hard et al. 1992; Cuenco et al.
1993; NRC 1996; Waples 1996). 

Loss of Diversity Among Populations: Genetic differences among salmon populations 
arise as a natural consequence of their homing tendency.  Homing leads to a relatively 
high degree of demographic isolation among populations.  This demographic isolation 
produces conditions where evolutionary forces such as natural selection and random 
genetic drift create differences in allele frequencies among populations.  Many of these 
differences are believed to be adaptive – meaning that populations have been shaped by 
natural selection to have a particularly good fit to their local environment (see Taylor 
1991, and McElhany et al. 2000 for reviews).

Hatchery activities can threaten the natural genetic diversity among salmon population in 
several different ways.  For example, many hatcheries have historically bred and released 
salmon that were not native to the drainage into which they were released.  If these fish 
stray and breed with native salmon the unique genetic attributes of the local salmon 
populations can be degraded or lost.  Genetic diversity can also be lost by hatchery 
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practices that lead to excessive straying of hatchery fish, or by collecting mixtures of 
genetically discrete populations for use as hatchery broodstock.

Excessive gene flow into a natural population from naturally spawning hatchery fish can 
reduce the fitness of individual populations through a process called outbreeding 
depression.  Outbreeding depression arises because natural salmonid populations adapt to 
the local environment and this adaptation is reflected in the frequency of specific alleles 
that improve survival in that environment.  When excessive gene flow occurs, alleles that 
may have developed in a different environment are introduced and these new alleles may 
not benefit the survival of the receiving population leading to outbreeding depression.

Another source of outbreeding depression is the loss of combinations of alleles called 
coadapted complexes.  Gene flow can introduce new alleles that can replace alleles in the 
coadaptive complexes leading to a reduction in performance (Busack and Currens 1995).  
Outbreeding depression from gene flow can occur when eggs and fish are transferred 
among populations and/or when out of basin hatchery populations are released to spawn 
with the local population.

There is evidence for local adaptation of salmonid populations (see Taylor 1991, and 
McElhany et al. 2000 for reviews), but the only empirical data on outbreeding depression 
in fish involves distantly related populations (Busack and Currens 1995).  Pacific 
Northwest hatchery programs historically contributed to the loss of genetic diversity 
among populations through the routine transfer of eggs and fish from different hatchery 
populations.  Such practices are no longer routine and in fact are being restricted through 
management policy (see Table 15).  The release of hatchery fish into populations 
different from the introduced fish has also resulted in gene flow above natural levels 
(genetic introgression), reducing the genetic diversity among populations.  Research 
based primarily on findings in the Kalama River, Washington, for summer-run steelhead 
has suggested that interbreeding between non-indigenous Skamania hatchery stock 
steelhead (a highly domesticated, hatchery stock) and native naturally produced fish may 
have negatively affected the genetic diversity and long term reproductive success of 
naturally produced steelhead (Leider et al. 1990; Hulett et al. 1996).  Non-indigenous 
hatchery and native naturally produced steelhead crosses may be less effective at 
producing adult off-spring in the natural environment compared to naturally produced 
fish (Chilcote et al. 1986; 1998; Bluoin 2004).

Campton (1995) examined the risks of genetic introgression to naturally produced fish 
and suggested the need to distinguish the biological effects of hatcheries and hatchery 
fish from the indirect and biologically independent effects of fisheries management 
actions.  In his review of the scientific literature for steelhead, he suggested that many of 
the genetic effects detected to date appear to be caused by fisheries management practices 
such as stock transfers and mixed stock fisheries and not by biological factors intrinsic to 
hatchery fish (Campton 1995).  However, loss of among population genetic diversity as a 
result of these types of hatchery practices has been documented for western trout, where 
unique populations have been lost through hybridization with introduced rainbow trout 
(Behnke 1992).  Phelps et al. (1994) found evidence for introgression of non-native 
hatchery steelhead into a number of natural populations within the southwest Washington 
region.  However, in other areas where hatchery production has been extensive, native 
steelhead genotypes have been shown to persist (Phelps et al. 1994; Narum et al. 2006). 
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The loss of genetic variability among populations can be minimized by:  
Propagating and releasing only fish from the local indigenous population or 
spawning aggregate.  
Avoiding or adequately reducing, gene-flow from a hatchery program into a 
natural population. 
Limiting the transfers of fish between different areas.
Acclimate hatchery fish in the target watershed to ensure that the hatchery fish 
retain a high fidelity to the targeted stream.  
Using returning spawners rather than the transferred donor population as 
broodstock for restoration programs to foster local adaptation.  
Maintaining natural populations that represent sufficient proportions of the 
existing total abundance and diversity of an ESU/DPS without hatchery 
intervention.
Visually marking all hatchery-produced salmonids to allow for monitoring and 
evaluation of straying and contribution to natural production (Kapuscinski and 
Miller 1993; Flagg and Nash 1999).

A NMFS-sponsored workshop in 1995, focused on the biological consequences of 
hatchery fish straying into natural salmonid populations (Grant 1997).  The workshop 
addressed how much gene flow can occur and still remain compatible with the long-term 
conservation of local adaptations and genetic diversity among populations.  Based on 
selection effects in other animals, a gene flow rate of greater than 5 percent between local 
and non-local populations would quickly lead to replacement of neutral and locally-
adapted genes (Grant 1997).  NMFS notes that gene flow is expected to be much less 
than 5 percent when the stray rate of non-local fish into a local population is 5 percent 
because not all fish that stray will spawn successfully.  Thus, NMFS supports the 
standard that hatchery stray rates should be managed such that less than 5 percent of the 
naturally spawning population consists of hatchery fish from a different area.
Furthermore, the number of non-local strays in a particular population should be as low 
as possible to minimize genetic introgression.  

This approach has been applied by the ICTRT and WLCTRT in their development of 
population viability criteria for the recovery of listed species (ICTRT 2005; WLCTRT 
2006).  The ICTRT (2005) developed a flow-chart approach to assigning risk associated 
with exogenous spawners in the salmon population (they define exogenous spawners as 
all hatchery-origin and all natural-origin fish that are present due to unnatural, 
anthropogenically induced conditions (Figure 11).  The WLCTRT developed similar 
metrics to describe risk to the diversity of listed populations, including one measuring the 
potential loss of fitness over time (Figure 3b and 3c in WLCTRT 2006) that is based on 
the Proportion of Natural Influence (PNI).  PNI is defined as the relationship between the 
percent of hatchery-origin fish spawning naturally and the percent of natural-origin fish 
in the hatchery broodstock (see HSRG et al. 2004).  Another metric for diversity looked 
at the influence of  non-local origin fish strays, both within ESU and out-of-ESU, on 
diversity, but considered these strays only if there was evidence of interbreeding 
(WLCTRT 2006).

As with the ICTRT, the WLCTRT combined these and other metrics together to develop 
a score for the diversity criteria, used to determine the overall viability of a population.
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The methods for weighing the different metrics within the criteria and developing a final 
combined score have not been finalized.  It should also be noted that the failure in one of 
the metrics (e.g. loss of fitness over time) does not prevent the population from meeting 
the diversity criteria. 

As described previously, NMFS has identified two general types of hatchery programs: 
isolated (or segregated) and integrated.  The optimal proportion of hatchery fish 
spawning naturally depends on the type of program and the status of the natural spawning 
population.  For isolated hatchery programs, the management goal is to minimize the 
number of naturally spawning hatchery fish and the number should not exceed 5 percent 
of the naturally spawning population (HSRG 2005).  For supplementation programs, the 
level of hatchery spawners in the naturally spawning population should be based on the 
level of gene flow from the natural environment to the hatchery environment, i.e., the 
PNI goal for the program.  The strength of that gene flow should be determined by the 
status of the natural-origin population and its importance to recovery.   
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Figure 11.  Graphical representation of risk criteria associated with spawner composition.  
Green areas indicate low risk combinations of duration and proportion of spawners, blue 
areas indicate moderate risk areas and red-striped areas and areas outside the range 
graphed indicate high risk.  Exogenous fish are considered to be all fish of hatchery 
origin, and non-normative strays of natural origin (ICTRT 2005).

Loss of Diversity Within Populations: Loss of within population genetic diversity due to 
artificial propagation is caused by:

genetic drift,
inbreeding depression, and/or
domestication selection.  
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Loss of within population genetic diversity (variability) is defined as the reduction in 
quantity, variety and combinations of alleles in a population (Busack and Currens 1995). 
Quantity is defined as the proportion of an allele in the population and variety is the 
number of different kinds of alleles in the population. 

Genetic Drift:  Genetic diversity within a population can change from random genetic 
drift and from inbreeding. Random genetic drift occurs because the progeny of one 
generation represents a sample of the quantity and variety of alleles in the parent 
population.  Since the next generation is not an exact copy of the parent generation, rare  
alleles can be lost, especially in small populations where a rare allele is less likely to be 
represented in the next generation (Busack and Currens 1995). 

The process of genetic drift is governed by the effective population size rather than the 
observed number of breeders.  The effective size of a population is defined as the size of 
an idealized population that would produce the same level of inbreeding or genetic drift 
seen in an observed population of interest (see Hartl and Clark 1989).  Attributes of such 
an idealized population typically include discrete generations, equal sex ratios, random 
mating and specific assumptions about the variance of family size.  Real populations 
almost always violate one or more of these idealized attributes, and the effective size of a 
population is therefore almost always smaller than the observed census size.  Small 
ffective population size in hatchery programs can be caused by: e

Using a small number of adults for hatchery broodstock. 
Using more females than males (or males than females) for the hatchery 
broodstock.
Pooling the gametes of many adults during spawning which would allow one 
male to potentially dominate during fertilization. 
Changing the age structure of the spawning population from what would have 
occurred naturally. 
Allowing progeny of some matings to have greater survival than allowed others 
(Gharrett and Shirley 1985; Simon et al. 1986; Withler 1988 cited in Busack and 
Currens 1995; Waples 1991; Campton 1995).  

Some hatchery stocks have been found to have less genetic diversity and higher rates of 
genetic drift than some naturally produced populations, presumably as a result of a small 
effective number of breeders in the hatcheries (Waples et al. 1990).  Potential, negative 
impacts of artificial propagation on within population diversity may be indicated by 
changes in morphology (e.g., Bugert et al. 1992) or behavior of salmonids (e.g. 
Berejikian 1995).  Busack and Currens (1995) observed that it would be difficult to 
totally control random loss of within population genetic diversity in hatchery populations, 
but by controlling the broodstock number, sex ratios, and age structure, loss could be 
minimized.  Theoretical work has demonstrated that hatcheries can reduce the effective 
size of a natural population in cases where a large number of hatchery strays are 
produced by a relatively small number of hatchery breeders (Ryman et al. 1995).  This 
risk can be minimized by having hatcheries with large effective populations sizes and by 
controlling the rate of straying of hatchery fish into naturally produced populations.

Inbreeding Depression:  The breeding of related individuals (inbreeding) can change the 
genetic diversity within a population.  Inbreeding per se does not lead directly to changes 
in the quantity and variety of alleles but can increase both individual and population 
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homozygosity.  This homozygosity can change the frequency of phenotypes in the 
population which are then acted upon by the environment.  If the environment is selective 
towards specific phenotypes then the frequency of alleles in the population can change 
(Busack and Currens 1995).  Increased homozygosity is also often expected to lead to a 
reduction in fitness called inbreeding depression. Inbreeding depression occurs primarily 
because nearly all individuals harbor large numbers of deleterious alleles whose effects 
are masked because they also carry a non-deleterious ‘wild type’ allele for the same gene.  
The increased homozygosity caused by inbreeding leads to a higher frequency of 
individuals homozygous for deleterious alleles, and thus a reduction in the mean fitness 
of the population (see Waldman and McKinnon 1993 for a review).  

It is important to note that there is little empirical data on inbreeding depression or 
substantial loss of genetic variability in any natural or hatchery population of Pacific 
salmon or steelhead, although there are considerable data on the effects of inbreeding in 
rainbow trout (Hard and Hershberger 1995, quoted in Myers et al. 1998).  Studying 
inbreeding depression is particularly difficult in anadromous Pacific salmon because of 
their relatively long generation times, and the logistical complexities of rearing and 
keeping track of large numbers of families.  Monitoring the rate of loss of molecular 
genetic variation in hatchery and naturally produced populations is one alternative 
method for studying the impacts of hatcheries on genetic variability (e.g., Waples et al.
1993), but does not provide information on inbreeding depression or other fitness effects 
associated with changes in genetic variation.  Many of these changes are also expected to 
occur over many generations, so long term monitoring is likely to be necessary to observe 
all but the most obvious changes.  

The impacts of inbreeding between hatchery and natural stocks can be minimized 
following an isolated hatchery strategy by: 

Releasing fewer or no hatchery fish into the natural population. 
Releasing hatchery fish only at the hatchery or at locations where they are 
unlikely to interbreed with natural fish when returning as adults. 
Advancing or retarding the time of spawning for hatchery fish, to minimize the 
overlap in spawning time between hatchery and natural fish. 
Acclimating hatchery fish prior to release to improve homing precision. 
Acclimating and releasing hatchery fish at locations where returning adults can be 
harvested at high rates (harvest augmentation programs), locations away from 
natural production areas and sites where returning adults can be sorted and 
removed from the spawning population. 

Domestication Selection:  Domestication means changes in quantity, variety and 
combination of alleles between a hatchery population and its source population that are 
the result of selection in the hatchery environment (Busack and Currens 1995).
Domestication is also defined as the selection for traits that favor survival in a hatchery 
environment and that reduce survival in natural environments (NMFS 1999c).  
Domestication can result from rearing fish in an artificial environment that imposes 
different selection pressures than what they would encounter in the wild.  The concern is 
that domestication effects will decrease the performance of hatchery fish and their 
descendants in the wild.  Busack and Currens (1995) identified three types of 
domestication selection (1) intentional or artificial selection, (2) biased sampling during 
some stage of culture, and (3) unintentional or relaxed selection. 
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(1)  Intentional or artificial selection is the attempt to change the population to meet 
management needs, such as time of return or spawning time.  Hatchery fish 
selected to perform well in a hatchery environment tend not to perform well when 
released into the wild, due to differences between the hatchery and the naturally 
produced populations resulting from the artificial propagation.  Natural 
populations can be impacted when hatchery adults spawn with natural-origin fish 
and the performance of the natural population is reduced (a form of outbreeding 
depression) (Busack and Currens 1995).

(2)  Biased sampling leading to domestication can be caused by errors during any 
stage of hatchery operation.  Broodstock selection is a common source of biased 
sampling when adults are selected based on particular traits.  Hatchery operations 
can be a source of biased sampling when groups of fish are selected against when 
feeding, ponding, sorting and during disease treatments because different groups 
of fish will respond differently to these activities. 

(3)  Genetic changes due to unintentional or relaxed selection occur because salmon in 
hatcheries usually have (by design) much higher survival rates than they would 
have in the wild.  Hatchery fish are reared in a sheltered environment that 
increases their survival relative to similar life stages in the natural environment 
allowing deleterious genotypes that would have been lost in the natural 
environment to potentially contribute to the next generation. 

Reisenbichler and Rubin (1999) cite five studies indicating that hatchery programs for 
steelhead and stream-type Chinook salmon (i.e., programs holding fish in the hatchery for 
one year or longer) genetically change the population and thereby reduce survival for 
natural rearing.  The authors report that substantial genetic change in fitness can result 
from traditional artificial propagation of salmonids held in captivity for one quarter or 
more of their life.  Bugert et al. (1992) documented morphological and behavioral 
changes in returning adult hatchery spring Chinook salmon relative to natural adults, 
including younger age, smaller size, and reduced fecundity.  However, since that study, 
differences in size and age at return have been found to be more related to smolt size at 
release than domestication selection.  Differences in fecundity are still observed, but not 
fully understood. 

Leider et al. (1990) reported diminished survival and natural reproductive success for the 
progeny of non-native hatchery steelhead when compared to native naturally produced 
steelhead in the lower Columbia River region.  The poorer survival observed for the 
naturally produced offspring of hatchery fish could have been due to the long term 
artificial and domestication selection in the hatchery steelhead population, as well as 
maladaptation of the non-indigenous hatchery stock in the recipient stream (Leider et al.
1990).  Ongoing research on winter steelhead in the Hood River basin (Blouin 2004; 
Blouin and Araki 2005) compared the reproductive success of hatchery and natural-origin 
adults.  The old program, that used out-of-basin broodstock, was determined to be 17 to 
54 percent as reproductively successful as the natural-origin adults.  The new program 
used natural-origin winter steelhead adults for broodstock, and their progeny were 
determined to be 85 to 108 percent as successful as natural-origin adults in producing 
adult returns to the basin.  These results do not support the assumption of domestication 
selection in first generation of hatchery rearing for steelhead. 
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Chilcote (1998) reported a strong negative correlation between the proportion of naturally 
spawning hatchery steelhead and stock productivity, when examining spawner-recruit 
relationships for 26 Oregon steelhead populations.  Based on the best scientific 
information, the NMFS FCRPS biological opinion assumed a relative reproductive 
success range of 20 percent to 80 percent for naturally spawning hatchery-origin fish 
compared to naturally produced fish (NMFS 2000b).  

Berejikian (1995) reported that wild-origin steelhead fry survived predation by prickly 
sculpins (Cottus asper) to a statistically significant degree better than size-matched off-
spring of locally-derived hatchery steelhead that were reared under similar conditions.  
Alteration of the innate predator avoidance ability through domestication was suggested 
by the results of this study.  However, Joyce et al. (1998) reported that an Alaskan spring 
Chinook salmon stock under domestication for four generations did not significantly 
differ from offspring of naturally produced spawners in their ability to avoid predation.
The domesticated and naturally produced Chinook salmon groups tested also showed 
similar growth and survival rates in freshwater performance trials. 

Domestication effects from artificial propagation and the level of genetic differences 
between hatchery and natural fish can be minimized by:  

Randomly selecting adults for broodstock from throughout the natural population 
migration to provide an unbiased sample of the natural population with respect to 
run timing, size, age, sex ratio, and other traits identified as important for long 
term fitness. 
Ensuring that returning adults used as broodstock by a hatchery continually 
incorporate natural-origin fish over the duration of the program to reduce the 
likelihood for divergence of the hatchery population from the natural population. 
Limiting the duration of a supplementation program to a maximum of three 
salmon generations (approximately 12 years) to minimize the likelihood of 
divergence between hatchery broodstocks and target natural stocks and to reduce 
the risk of domestication of the composite hatchery/natural stock. 
Employing appropriate spawning protocols to avoid problems with inbreeding, 
genetic drift and selective breeding in the hatchery (e.g., Simon et al. 1986; 
Allendorf and Ryman 1987; Gall 1993).  Methods include collection of 
broodstock proportionally across the breadth of the natural return, randomizing 
matings with respect to size and phenotypic traits, application of at least 1:1 male 
to female mating schemes (Kapuscinski and Miller 1993), and avoidance of 
intentional selection for any life history or morphological trait.  
Using spawning protocols that equalize as much as possible the contributions of 
all parents to the next breeding generation. 
Using only natural fish for broodstock in the hatchery each year to reduce the 
level of domestication. 
Setting minimum broodstock collection objectives to allow for the spawning of 
the number of adults needed to minimize the loss of some alleles and the fixation 
of others (Kapuscinski and Miller 1993). 
Setting minimum escapements for natural spawners and maximum broodstock 
collection levels to allow for at least 50 percent of escaping fish to spawn 
naturally each year, to help maintain the genetic diversity of the donor natural 
population.
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Using hatchery methods that mimic the natural environment to the extent feasible 
(e.g. use of substrate during incubation, exposure to ambient river water 
temperature regimes and structure in the rearing ponds). 
Limiting the duration of rearing in the hatchery by releasing at early life-stages to 
minimize the level of intervention into the natural salmonid life cycle, minimizing 
the potential for domestication.  

NMFS believes that the measures identified for minimizing the potential adverse genetic 
impacts of hatchery produced fish on naturally produced fish should be applied to protect 
listed species.  The actual measures selected will depend on a number of factors including 

ut not limited to: b
The objectives of the program (i.e. recovery, reintroduction or harvest 
augmentation). 
The source of the broodstock, its history and level of domestication. 
The spawning protocols proposed for the hatchery program. 
The status of the natural population targeted by the hatchery program. 
The ability of fish managers to remove or control the number of hatchery adults in 
the natural spawning population. 
The proposed rearing practices for the hatchery program. 
The total number of hatchery fish released into the subbasin. 

More detailed discussions on the measures to implement these strategies can be found in 
Reisenbichler (1997), Reisenbichler and McIntyre (1986), Nelson and Soule (1987), 
Goodman (1990), Hindar et al. (1991), and Waples (1991) among others. 

Genetic introgression is the primary concern regarding the proposed artificial propagation 
programs.  Specific impacts and measures to minimize these impacts for all of the 
proposed programs will be discussed in Section 4.2 of this opinion.  

4.1.4 Disease

Hatchery effluent has the potential to transport fish pathogens out of the hatchery, where 
natural fish may be exposed to infection.  Interactions between hatchery fish and natural 
fish in the environment may also result in the transmission of pathogens, if either the 
hatchery or natural fish are harboring fish disease.  This latter impact may occur in 
tributary areas where hatchery fish are released and throughout the migration corridor 
where hatchery and naturally produced fish may interact.  As the pathogens responsible 
for fish diseases are present in both hatchery and natural populations, there is some 
uncertainty associated with determining the source of the pathogen (Williams and Amend 
1976; Hastein and Lindstad 1991).  Hatchery-origin fish may have an increased risk of 
carrying fish disease pathogens because of relatively high rearing densities that increase 
stress and can lead to greater manifestation and spread of disease within the hatchery 
population.  Under natural, low density conditions, most pathogens do not lead to a 
disease outbreak.  When fish disease outbreaks do occur, they are often triggered by 
stressful hatchery rearing conditions, or by a deleterious change in the environment 
(Saunders 1991).  Consequently, it is possible that the release of hatchery fish may lead 
to the loss of natural fish, if the hatchery fish are carrying a pathogen not carried by the 
natural fish, if that pathogen is transferred to the natural fish, and if the transfer of the 
pathogen leads to a disease outbreak.
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Recent studies suggest that the incidence of some pathogens in naturally spawning 
populations may be higher than in hatchery populations (Elliott and Pascho 1994).  The 
incidence of high ELISA titers for Renibacterium salmoninarum, the causative agent of 
Bacterial Kidney Disease (BKD), appears, in general, to be more prevalent to a 
statistically significant degree among wild smolts of spring/summer Chinook salmon than 
hatchery smolts (Congleton et al. 1995; Elliot et al. 1997).  For example, 95 percent and 
68 percent of wild and hatchery smolts, respectively, at Lower Granite Dam in 1995 had 
detectable levels of R. salmoninarum (Congleton et al. 1995).  Although pathogens may 
cause a high rate of post-release mortality among hatchery fish, there is little evidence 
that hatchery-origin fish routinely infect naturally produced salmon and steelhead in the 
Pacific Northwest (Enhancement Planning Team 1986; Steward and Bjornn 1990). 

Many of the disease concerns related to hatchery fish are based on old management styles 
that emphasized the release of large numbers of fish regardless of their health status.  
Since that time, the desire to reduce disease has instigated better husbandry, including 
critical decreases in fish numbers to reduce crowding and stress that affects the resistance 
of salmonids to disease (Salonius and Iwama 1993; Schreck et al. 1993).  Along with 
decreased densities and improved animal husbandry, advances in fish health care and 
adherence to federal and interagency fish health policies have considerably decreased the 
possibility of disease transmission from hatchery fish to natural-origin fish.

State and federal fisheries agencies have established Fish Pathology labs and personnel 
who monitor and manage fish health in state, federal and tribal hatcheries.  The success 
of hatchery programs as reflected in the production of quality smolts that will survive and 
reproduce depend on good fish health management.  Fisheries managers, to meet 
hatchery fish quality goals and to address concerns of potential disease transmission from 
hatchery salmonids to naturally produced fish, have established a number of fish health 
policies in the Pacific Northwest Region.  These policies established guidelines to ensure 
that fish health is monitored, sanitation practices are applied, and that hatchery fish are 
reared and released in healthy condition (PNFHPC 1989; IHOT 1995; WDFW 1996; 
WDFW and WWTIT 1998; USFWS 1995; USFWS 2004j).   Standard fish health 
monitoring under these policies include monthly and pre-release checks of propagated 
salmonid populations by a fish health specialist, with intensified efforts to monitor 
presence of specific pathogens that are known to occur in the populations.  Specific 
reactive and proactive strategies for disease control and prevention are also included in 
the fish health policies.  Fish mortality at the hatchery due to unknown cause(s) will 
trigger sampling for histopathological study.  Incidence of viral pathogens in salmonid 
broodstocks are determined by sampling fish at spawning.  Populations of particular 
concern may be sampled at the 100 percent level and may require segregation of 
eggs/progeny in early incubation or rearing.  In some programs, progeny of high titer 
adults are culled to minimize disease incidence within the hatchery populations.
Compliance with NPDES permit provisions at hatcheries also acts to minimize the 
likelihood for disease epizootics and water quality impacts that may lead to increased 
naturally produced fish susceptibility to disease outbreaks.  Full compliance with the 
regional fish health policies minimizes the risk for fish disease transfer. 
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4.1.5 Competition/Density-Dependent Effects 

Competition occurs when the demand for a resource by two or more organisms exceeds 
the available supply.  If the resource in question (e.g., food or space) is present in such 
abundance that it is not limiting, then competition is not occurring, even if both species 
are using the same resource.  Adverse impacts of competition may result from direct 
interactions, whereby a hatchery-origin fish interferes with the accessibility to limited 
resources by naturally produced fish, or through indirect means, as in when utilization of 
a limited resource by hatchery fish reduces the amount available for naturally produced 
fish (SIWG 1984).  Specific hazards associated with adverse competitive impacts of 
hatchery salmonids on listed naturally produced salmonids may include food resource 
competition, competition for spawning sites, and redd superimposition.  In an assessment 
of the potential ecological impacts of hatchery fish production on naturally produced 
salmonids, the Species Interaction Work Group (SIWG 1984) categorized species 
combinations as to whether there is a high, low, or unknown risk that competition by 
hatchery fish will have a negative impact on productivity of naturally produced salmonids 
in freshwater areas, Table 17. 

Table 17.  Risk of hatchery salmonid species competition on naturally produced salmonid 
species in freshwater areas (SIWG 1984). 

Naturally produced Species
Hatchery
Species Steelhead Pink

Salmon
Chum

Salmon
Sockeye
Salmon

Coho
Salmon

Chinook
Salmon

Steelhead H L L L H H

Pink
Salmon

L L L L L L

Chum
Salmon

L L L L L L

Sockeye
Salmon

L L L L L L

Coho
Salmon

H L L L H H

Chinook
Salmon

H L L L H H

Note: “H” = High risk; “L” = Low risk; and “U” = Unknown risk of a significant impact 
occurring.

Adult fish:  It is apparent that salmonids have evolved a variety of strategies to partition 
available resources between species that are indigenous to a particular watershed.  The 
addition of homing or straying adult hatchery-origin fish can perturb these mechanisms 
and impact the productivity of naturally produced stocks.  For adult salmonids, impacts 
from hatchery/naturally produced fish competition in freshwater are assumed to be 
greatest in the spawning areas where competition for redd sites and redd superimposition 
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may be concerns (USFWS 1994).  Adult salmonids originating from hatcheries can also 
compete with naturally produced fish of the same species for mates, leading to an 
increased potential for outbreeding depression.  Hatchery-origin adult salmonids may 
home to, or stray into, natural production areas during naturally produced fish spawning 
or egg incubation periods, posing an elevated competitive and behavioral modification 
risk.  Returning or straying hatchery fish may compete for spawning gravel, displace 
naturally produced spawners from preferred, advantageous spawning areas, or adversely 
affect listed salmonid survival through redd superimposition.  Superimposition of redds 
by similar-timed or later spawners, disturbs or removes previously deposited eggs from 
the gravel, and has been identified as an important source of natural salmon mortality in 
some areas (Bakkala 1970).   

Recent studies suggest that hatchery-origin fish may be less effective in competing for 
spawning sites than naturally produced fish of the same species, possibly indicating the 
effects of domestication selection in the hatchery environment (Fleming and Gross 1993; 
Berejikian et al. 1997).  These studies were based on comparisons of natural-origin 
salmonid adults and captive-brood origin hatchery fish.  Hatchery-origin salmonid adults 
returning to spawn after a period of rearing in the wild may exhibit different competitive 
effectiveness levels.  

The risk of straying by hatchery-produced species may be minimized through acclimation 
of the fish to their stream of origin, or desired stream of return.  Acclimation of hatchery 
steelhead prior to release, however, does not reduce staying when compared to hatchery 
steelhead that are directly release into the target stream (Kenaston et al. 2001).  Homing 
fidelity may be improved through the use of locally adapted stocks, and by rearing of the 
fish for an extended duration (e.g., eyed egg to smolt) in the “home” stream prior to 
release or transfer to a marine area net-pen site for further rearing.

The risk of redd superimposition can be minimized through high removal rates of the 
hatchery-origin fish, and by propagation and release of only indigenous species and 
stocks.  Indigenous-origin hatchery adults that are not removed upon return may be 
assumed to still carry traits that foster temporal and spatial resource partitioning with 
wild-spawning fish populations (see SIWG 1984).  The risk of redd disturbance may 
therefore be minimal with escapement of indigenous-origin hatchery fish, if the home 
stream has the physical characteristics (e.g., stream flow, usable channel width) that will 
allow such partitioning at the time of spawning. 

Juvenile fish:  For salmonids rearing in freshwater, food and space are the resources in 
demand, and thus are the focus of inter- and intra-specific competition (SIWG 1984).  
Newly released hatchery smolts may compete with naturally produced fish for food and 
space in areas where they interact during downstream migration.  Naturally produced fish 
may be competitively displaced by hatchery fish early in life, especially when hatchery 
fish are more numerous, of equal or greater size, and (if hatchery fish are released as non-
migrants) the hatchery fish have taken up residency before naturally produced fry emerge 
from redds.  Release of large numbers of hatchery pre-smolts in a small area is believed 
to have greater potential for competitive impacts because of the extended period of 
interaction between hatchery fish and natural fish.  In particular, hatchery programs 
directed at fry and non-migrant fingerling releases will produce fish that compete for 
food and space with naturally produced salmonids for longer durations, if the hatchery 
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fish are planted within, or disperse into, areas where naturally produced fish are present.
A negative change in growth and condition of naturally produced fish through a change 
in their diet or feeding habits could occur following the release of hatchery salmonids.  
Any competitive impacts likely diminish as hatchery-produced fish disperse, but resource 
competition may continue to occur at some unknown, but lower level as natural-origin 
juvenile salmon and any commingled hatchery juveniles emigrate seaward.  

Hatchery-origin smolts and sub-adults can also compete with naturally produced fish in 
estuarine and marine areas, leading to negative impacts on naturally produced fish in 
areas where preferred food is limiting.  Steward and Bjornn (1990) concluded that 
hatchery fish kept in the hatchery for extended periods before release as smolts (e.g., 
yearling salmon) may have different food and habitat preferences than naturally produced 
fish, and that hatchery fish will be unlikely to out-compete naturally produced fish.  
Interactions with juvenile hatchery-origin salmonids may lead to behavioral changes in 
listed natural salmonids that are detrimental to productivity and survival. 

Hatchery fish might alter naturally produced salmon behavioral patterns and habitat use, 
making them more susceptible to predators (Hillman and Mullan 1989; Steward and 
Bjornn 1990).  Hatchery-origin fish may also alter naturally produced salmonid migratory 
responses or movement patterns, leading to a decrease in foraging success (Steward and 
Bjornn 1990; Hillman and Mullan 1989).  In a review of the potential adverse impacts of 
hatchery releases on naturally produced salmonids, Steward and Bjornn (1990) indicated 
that it was indeterminate from the literature whether naturally produced parr face 
statistically significant risk of displacement by introduced hatchery fish, as a wide range 
of outcomes from hatchery-naturally produced fish interactions has been reported.  The 
potential for negative impacts on the behavior, and hence survival, of naturally produced 
fish as a result of hatchery fish releases depends on the degree of spatial and temporal 
overlap in occurrence of hatchery and naturally produced fish.  The relative size of 
affected naturally produced fish when compared to hatchery fish, as well as the 
abundance of hatchery fish encountered, also will determine the degree to which 
naturally produced fish are displaced (Steward and Bjornn 1990).  Actual impacts on 
naturally produced fish would thus depend on the degree of dietary overlap, food 
availability, size-related differences in prey selection, foraging tactics, and differences in 
microhabitat use (Steward and Bjornn 1990). 

En masse hatchery salmon smolt releases may cause displacement of rearing naturally 
produced juvenile salmonids from occupied stream areas, leading to abandonment of 
advantageous feeding stations, or premature out-migration (Pearsons et al. 1994).
Pearsons et al. (1994) reported displacement of juvenile naturally produced rainbow trout 
from discrete sections of streams by hatchery steelhead released into an upper Yakima 
River tributary, but no large scale displacements of trout were detected.  Small scale 
displacements and agonistic interactions that were observed between hatchery steelhead 
and naturally produced trout resulted from the larger size of hatchery steelhead, which 
behaviorally dominated most contests.  They noted that these behavioral interactions 
between hatchery-reared steelhead did not appear to have impacted the trout populations 
examined to a statistically significant degree, however, and that the population abundance 
of naturally produced salmonids did not appear to have been negatively affected by 
releases of hatchery steelhead.
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Competition between hatchery and naturally produced salmonids in freshwater may only 
be at high risk for coho, Chinook salmon, steelhead, and sockeye, since pink and chum 
salmon do not rear for extended periods in freshwater (SIWG 1984).  Studies indicate 
that hatchery coho salmon have the potential to adversely impact certain naturally 
produced salmonid species through competition.  Information suggests that juvenile coho 
salmon are behaviorally dominant in agonistic encounters with juveniles of other stream-
rearing salmonid species, including Chinook salmon, steelhead, and cutthroat trout (O.
clarki), and with wild-origin coho salmon (e.g., Stein et al. 1972; Allee 1974; Swain and 
Riddell 1990; Taylor 1991).  Dominant salmonids tend to capture the most energetically 
profitable stream positions (Fausch 1984; Metcalfe et al. 1986), providing them with a 
potential survival advantage over subordinate fish.  However, where interspecific 
populations have evolved sympatrically, Chinook salmon and steelhead have evolved 
slight differences in habitat use patterns that minimize their interactions with coho 
salmon (Nilsson 1967; Lister and Genoe 1970; Taylor 1991).  Along with the habitat 
differences exhibited by coho salmon and steelhead, they also show differences in 
foraging behavior.  Peterson (1966) and Johnston (1967) reported that juvenile coho 
salmon are surface oriented and feed primarily on drifting and flying insects, while 
steelhead are bottom oriented and feed largely on benthic insects.

There is a hypothesis that large numbers of hatchery-produced smolts released into the 
Columbia River have adverse effects on naturally produced smolts in the migration 
corridor and ocean.  This hypothesis assumes that there is a limitation on the capacity of 
the migration corridor and ocean and that there are adverse interactions between 
hatchery-produced and naturally produced smolts. 

Interactions between hatchery juveniles and naturally produced fish in the migration 
corridor have been reduced by decreases in the number of hatchery fish released by 
Columbia River basin hatchery programs and by the mortality of hatchery fish after 
release.  A production ceiling for all artificial propagation programs in the Columbia 
River basin was described in the Proposed Recovery Plan (NMFS 1995e) and in the 1999 
artificial propagation Biological Opinion (NMFS 1999a).  This production ceiling was 
approximately 197.4 million anadromous fish.  Although releases occur throughout the 
year, approximately 80 percent occur from April through June.  A significant portion of 
these releases do not survive to the Snake and Columbia River migration corridors.  For 
example, the historical passage index of hatchery fish released into the Snake River Basin 
surviving to Lower Granite Dam shows a ratio of 0.23 for spring/summer Chinook 
salmon and 0.60 for steelhead; for hatchery releases in the Columbia River above 
McNary Dam the ratio is 0.185 for spring/summer Chinook salmon, 0.477 for sub-
yearling Chinook salmon, 0.093 for steelhead, and 0.215 for coho salmon (FPC 1992).  
While the actual number of hatchery fish entering the Columbia River migration corridor 
is unknown, it is substantially less than the numbers released.  

The speed of travel of upriver smolts also serves to reduce interaction and competition in 
the mainstem of the Columbia and the estuary.  Bell (1984) gives rates of 13 miles/day 
(21 km/day) low flows and 23 miles/day (38 km/d) in moderate flows, as a general 
average for downstream migrants.  Dawley et al. (1986) found rates of 1 to over 59 
km/day in the estuary, depending on size, species and distance traveled, with the faster 
rates correlated with larger smolts from further upriver.  In the free-flowing reaches of 
the Snake, Clearwater and Salmon, currents in excess of 10 km/hr are common during the 
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spring freshet.  Smolts could move in excess of 100 km/d just by holding in the thalweg, 
but the literature would indicate 40 to 50 km/day is a more likely average in moderate to 
high flows. 

As occurs in rearing areas, habitat partitioning in the migration corridor among the 
species has evolved to reduce interspecific competition.  Bell (1984) and Dawley et al.
(1986) comment on differential habitat selection with steelhead choosing the thalweg and 
nearer to the surface, subyearling Chinook salmon being more likely to follow the 
shorelines and yearling Chinook salmon seeking greater depths.

Historically the bulk of the Columbia River adult returns were spring and summer 
Chinook salmon, coho salmon, sockeye salmon, and steelhead.  Chapman (1986) 
calculated only 1.25 million adult fall Chinook salmon historically returned to the 
Columbia River, in his high estimate, so over 80 percent of the smolts would have been 
spring migrating, yearling smolts. Therefore, 160 to 320 million spring, yearling smolts 
(based on historic returns of approximately 10 million salmon and steelhead) would have 
passed through the estuary and entered the ocean in May and June each year, compared to 
less than 40 million under current conditions.  In the past, when hatchery production in 
the basin reached nearly 200 million fish, over half of the production was fall Chinook 
salmon that produce sub-yearling, summer-migrating smolts, thus limiting potential to 
exceed the capacity of the migration corridor.  

Habitat partitioning and speed of travel should function to reduce predation, competition 
and interspecies interactions.  The reduced number of smolts in the corridor should also 
decrease the potential for detrimental interactions.  However, the behavior of fish in the 
hydropower reservoirs and bottlenecks in collection and transportation systems may 
increase opportunities for interaction.  Smolts may be disoriented by slack water and may 
be concentrated as the fish traveling 50 km/d in free-flowing rivers catch up to the fish 
traveling 10 km/d in the reservoirs. Smolts have been observed to concentrate in front of 
dams before they enter the collection system.  In the collection and transportation system 
any habitat partitioning is eliminated, densities are increased and both inter- and intra-
specific interactions are forced.

Considerable speculation, but little scientific information, is available concerning the 
overall impacts on listed salmon and steelhead from the combined number of hatchery 
fish in the Columbia River migration corridor.  In a review of the literature, Steward and 
Bjornn (1990) indicated that some biologists consider density-dependent mortality during 
freshwater migration to be negligible; however, they also cited a steelhead study that 
indicated there may have been a density-dependent effect (Royal 1972, cited in Steward 
and Bjornn 1990).  Hatchery and natural populations have similar ecological 
requirements and can potentially be competitors where critical resources are in short 
supply (Lower Granite Migration Study Steering Committee (LGMSC 1993). 

The limited information available concerning impacts from changes in the historic 
carrying capacity to listed salmon is insufficient to determine definitive effects.  It is for 
this reason that NMFS has called for a limitation of hatchery releases in the Columbia 
Basin.  The effects of hatchery production on listed salmon and steelhead in the ocean 
would be speculative, since hatchery fish intermingle at the point of ocean entry with 
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wild and hatchery anadromous salmonids from many other regions.  Witty et al. (1995) 
assessing the effects of Columbia River hatchery salmonid production on wild fish stated: 

AWe have surmised the ocean fish rearing conditions are dynamic. Years of 
limited food supply affect size of fish, and reduced size makes juveniles more 
subject to predation (quoted from Parker 1971).  Mass enhancement of fish 
populations through fish culture could cause density-dependant affects during 
years of low ocean productivity.  However, we know of no studies which 
demonstrate, or even suggest, the magnitude of changes in numbers of smolts 
emigrating from the Columbia River Basin which might be associated with some 
level of change in survival rate of juveniles in the ocean.  We can only assume 
that an increase in smolts might decrease ocean survival rate and a decrease might 
improve ocean survival rate.@

However, the assumptions made by Witty et al. (1995) would apply only if the ocean 
were near carrying capacity.  The current production from the Columbia River is lower 
than the number carried by the migration corridor and ocean in the fairly recent past.  

The species of primary concern in the Columbia Basin are Chinook salmon, sockeye 
salmon and steelhead.  There is no evidence in the literature to support the speculation 
that there is some compensatory mortality of Chinook salmon and steelhead in the ocean 
environment.  There is evidence of density-dependent compensatory ocean survival in the 
cases of massive pink and chum salmon hatchery programs in Alaska, Russia and Japan 
(Pearcy 1992).  There are currently two small chum salmon hatchery programs in the 
Lower Columbia River, the WDFW=s Grays River program (including Chinook salmon 
River releases) and the Duncan Creek program below Bonneville Dam.  These produce 
chum salmon at a level that is only a fraction of a percent of the numbers seen in Alaska, 
Russia and Japan.  Pink salmon are functionally extinct in the Columbia River.  

SIWG (1984) acknowledged that the risk of adverse competitive interactions in marine 
waters is difficult to assess, because of a lack of data collected at times when hatchery 
fish and naturally produced fish likely interact, and because competition depends on a 
variety of specific circumstances associated with hatchery-naturally produced fish 
interaction, including location, fish size, and food availability.  In marine waters, the 
main limiting resource for naturally produced fish that could be affected through 
competition posed by hatchery-origin fish is food.  The early marine life stage, when 
naturally produced fish have recently entered the estuary and populations are 
concentrated in a relatively small area, may create short term instances where food is in 
short supply, and growth and survival declines as a result (SIWG 1984).  This period is 
viewed as of special concern regarding food resource competition posed by hatchery-
origin chum salmon and pink salmon to naturally produced chum salmon and pink 
salmon populations (Cooney et al. 1978; Simenstad et al. 1980; Bax 1983).  The degree 
to which food is limiting after the early marine portion of a naturally produced fish’s life 
depends upon the density of prey species. This does not discount limitations posed on 
naturally produced fish in more seaward areas as a result of competition by hatchery-
origin fish, as data are available that suggests that marine survival rates for salmon are 
density dependent, and thus possibly a reflection of the amount of food available (SIWG 
1984).
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The risk of adverse competitive interactions can be minimized by: 
Releasing hatchery smolts that are physiologically ready to migrate.  Hatchery 
fish released as smolts emigrate seaward soon after liberation, minimizing the 
potential for competition with juvenile naturally produced fish in freshwater 
(Steward and Bjornn 1990). 
Operating hatcheries such that hatchery fish are reared to sufficient size that 
smoltification occurs within nearly the entire population (Bugert et al. 1991). 
Rearing juvenile hatchery fish on parent river water, or acclimating them for 
several weeks to parent river water, will contribute to the smoltification process 
and reduced retention time in the streams. 
Releasing hatchery smolts after the major seaward emigration period for naturally 
produced salmonid populations to minimize the risk of interaction that may led to 
competition.  
Releasing hatchery smolts in lower river areas, below upstream areas used for 
stream-rearing young-of-the-year naturally produced salmonid fry. 

4.1.6 Predation

Risks to naturally produced salmonids attributable to direct predation (direct 
consumption) or indirect predation (increases in predation by other predator species due 
to enhanced attraction) can result from hatchery salmonid releases in freshwater and 
estuarine areas.  Hatchery-origin fish may prey upon juvenile naturally produced 
salmonids at several stages of their life history.   Newly released hatchery smolts have the 
potential to prey on naturally produced fry and fingerlings that are encountered in 
freshwater during downstream migration, or if the hatchery fish residualize prior to 
migrating.  Hatchery-origin smolts, sub-adults, and adults may also prey on naturally 
produced fish of susceptible sizes and life stages (smolt through sub-adult) in estuarine 
and marine areas where they commingle.  Hatchery salmonids planted as non-migrant fry 
or fingerlings, and progeny of naturally spawning hatchery fish also have the potential to 
prey upon natural-origin salmonids in freshwater and marine areas where they co-occur.
In general, naturally produced salmonid populations will be most vulnerable to predation 
when naturally produced populations are depressed and predator abundance is high, in 
small streams, where migration distances are long, and when environmental conditions 
favor high visibility.  SIWG (1984) categorized species combinations as to whether there 
is a high, low, or unknown risk that direct predation by hatchery fish will have a negative 
impact on productivity of naturally produced salmonids (Tables 18). 

SIWG (1984) rated most risks associated with predation as unknown, because, although 
there is a high potential that hatchery and naturally produced species interact, due to a 
high probability of spatial and temporal overlap, there was relatively little literature 
documentation of predation interactions in either freshwater or marine areas.  Predation 
may be greatest when large numbers of hatchery smolts encounter newly emerged fry or 
fingerlings, or when hatchery fish are large relative to naturally produced fish (SIWG 
1984).  Some reports suggest that hatchery fish can prey on fish that ½ their length 
(HSRG 2004; Pearsons and Fritts 1999), but other studies have concluded that salmonid 
predators prefer smaller fish and are generally thought to prey on fish 1/3 or less their 
length (Horner 1978; Hillman and Mullan 1989; Beauchamp 1990; Cannamela 1992; 
CBFWA 1996).  Hatchery fish may also be less efficient predators as compared to their  
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Table 18. Risk of hatchery salmonid species predation on naturally produced salmonid 
species in freshwater areas (SIWG 1984). 

Naturally produced Species
Hatchery
Species Steelhead Pink

Salmon
Chum

Salmon
Sockeye
Salmon

Coho
Salmon

Chinook
Salmon

Steelhead U H H H U U

Pink
Salmon

L L L L L L

Chum
salmon

L L L L L L

Sockeye
Salmon

L L L L L L

Coho
Salmon

U H H H U U

Chinook
Salmon

U H H H U U

Note: “H” = High risk; “L” = Low risk; and “U” = Unknown risk of a significant impact 
occurring.

natural-origin co-specifics reducing the potential for predation impacts (Sosiak et al.
1979; Bachman 1984; Olla et al. 1998). 

Due to their location, size, and time of emergence, newly emerged salmonid fry are likely 
to be the most vulnerable to predation by hatchery released fish. Their vulnerability is 
believed to be greatest as they emerge and decreases somewhat as they move into 
shallow, shoreline areas (USFWS 1994).  Emigration out of hatchery release areas and 
foraging inefficiency of newly released hatchery smolts may minimize the degree of 
predation on salmonid fry (USFWS 1994).   

Although considered as of “unknown” risk by SIWG (1984), data from hatchery 
salmonid migration studies on the Lewis River, Washington (Hawkins and Tipping 1998) 
provide evidence of hatchery coho salmon yearling predation on salmonid fry in 
freshwater.  The WDFW Lewis River study indicated low levels of hatchery steelhead 
smolt predation on salmonids.  In a total sample of 153 out-migrating hatchery-origin 
steelhead smolts captured through seining in the Lewis River between April and June 24, 
12 fish (7.8 percent) were observed to have consumed juvenile salmonids (S. Hawkins, 
WDFW, personal communication, July 1997).  The juvenile salmonids contained in the 
steelhead stomachs appeared to be Chinook salmon fry.  Sampling through this study 
indicated that no emergent wild-produced steelhead or trout fry (30-33 mm fl) were 
present during the first two months of sampling.  Hawkins (1998) documented hatchery 
spring Chinook salmon yearling predation on naturally produced fall Chinook salmon 
juveniles in the Lewis River.  A small number of spring Chinook salmon smolts were 
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sampled (11), and remains of 10 salmonids were found (includes multiple observations of 
remains from some smolts).  Predation on smaller Chinook salmon was found to be much 
higher in naturally produced smolts (coho salmon and cutthroat predominately) than their 
hatchery counterparts.  Steward and Bjornn (1990) referenced a report from California 
that estimated, through indirect calculations, rather than actual field sampling methods, 
the potential for substantial predation impacts by hatchery yearling Chinook salmon on 
naturally produced Chinook salmon and steelhead fry.  They also reference a study in 
British Columbia that reported no evidence of predation by hatchery Chinook salmon 
smolts on emigrating naturally produced Chinook salmon fry in the Nicola River.  In 
addition, Bakkala (1970 - quoting Hunter (1959) and Pritchard (1936)) reported that 
young coho salmon in some British Columbia streams averaged two to four chum salmon 
fry per stomach sampled. 

Predation by hatchery fish on natural-origin smolts or sub-adults is less likely to occur 
than predation on fry.  Coho salmon and Chinook salmon, after entering the marine 
environment, generally prey upon fish one-half their length or less and consume, on 
average, fish prey that is less than one-fifth of their length (Brodeur 1991).  During early 
marine life, predation on naturally produced Chinook salmon, coho, and steelhead will 
likely be highest in situations where large, yearling-sized hatchery fish encounter sub-
yearling fish or fry (SIWG 1984).  Juanes (1994), in a survey of studies examining prey 
size selection of piscivorus fishes, showed a consistent pattern of selection for small-
sized prey.  Hargreaves and LeBrasseur (1985; 1986) reported that coho salmon smolts 
ranging in size from 100-120 mm fl selected for smaller chum salmon fry (sizes selected 
43-52 mm fl) from an available chum salmon fry population including larger fish 
(available size range 43-63 mm fl).  Ruggerone (1989; 1992) also found that coho salmon 
smolts (size range 70-150 mm fl) selected for the smallest sockeye fry (28-34 mm fl) 
within an available prey population that included larger fish (28-44 mm fl).  However, 
extensive stomach content analyses of coho salmon smolts collected through several 
studies in marine waters of Puget Sound, Washington, do not substantiate any indication 
of significant predation upon juvenile salmonids (Simenstad and Kinney 1978).  
Similarly, Hood Canal, Nisqually Reach, and north Puget Sound data show little or no 
evidence of predation on juvenile salmonids by juvenile and immature Chinook salmon 
(Simenstad and Kinney 1978).  In a recent literature review of Chinook salmon food 
habits and feeding ecology in Pacific Northwest marine waters, Buckley (1999) 
concluded that cannibalism and intra-generic predation by Chinook salmon are rare 
events.  Likely reasons for apparent low predation rates on salmon juveniles, including 
Chinook salmon, by larger Chinook salmon and other marine predators suggested by 
Cardwell and Fresh (1979) include: 

The rapid growth in fry, resulting in the increased ability to elude predators and 
becoming accessible to a smaller proportion of predators due to size alone. 
The rapid dispersal of fry, making them present in lower densities relative to other 
fish and invertebrate prey. 
The learning or selection for some predator avoidance.  

Large concentrations of migrating hatchery fish may attract predators (birds, fish, and 
seals) and consequently contribute indirectly to predation of emigrating naturally 
produced fish (Steward and Bjornn 1990).  The presence of large numbers of hatchery 
fish may also alter naturally produced salmonid behavioral patterns, potentially 
influencing their vulnerability and susceptibility to predation (Hillman and Mullan 1989; 
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USFWS 1994).  Hatchery fish released into naturally produced fish production areas, or 
into migration areas during naturally produced fish emigration periods, may therefore 
pose an elevated, indirect predation risk to commingled listed fish.  Alternatively, a mass 
of hatchery fish migrating through an area may overwhelm established predator 
populations, providing a beneficial, protective effect to co-occurring listed naturally 
produced fish.

Hatchery impacts from predation can be minimized by: 
Releasing actively migrating smolts through volitional release practices.
Insuring that a high proportion of the population is smolted prior to release using 
minimum coefficient of variation population size limits.  Smolts tend to migrate 
seaward rapidly when fully smolted, limiting the duration of interaction between 
hatchery fish and naturally produced fish present within, and downstream of, 
release areas.  
Delaying hatchery fish releases until the major seaward emigration period for 
naturally produced salmonid populations has been completed can minimize the 
risk of interaction that may led to predation.  
Releasing hatchery smolts in lower river areas, below upstream areas used for 
stream-rearing young-of-the-year naturally produced salmon fry, reducing the 
likelihood for interaction between the hatchery and naturally produced fish. 
Operating hatchery programs and releases to minimize the potential for 
residualism (see discussion below). 

4.1.7 Residualism

Artificially propagated smolts are released into rivers and streams with the anticipation 
that they will migrate to the ocean.  In many cases, some portion of the hatchery-
produced juveniles will “residualize”, or become residents of the receiving water for an 
extended period of a year or more.  The general effects of hatchery-produced fish on 
natural fish, as described by Steward and Bjornn (1990) may be exacerbated if a 
substantial portion of the hatchery-produced juvenile salmonids residualize. 

As discussed in sections 4.1.5 and 4.1.6, above, particular concern has been identified 
when hatchery steelhead, released into spawning and nursery areas, fail to migrate 
(residualize), and potentially prey upon or compete with listed salmon and steelhead 
juveniles.  Steelhead residualism has been found to vary greatly, but is thought to 
typically average between 5 percent and 10 percent of the number of fish released 
(USFWS 1994).  Releasing hatchery steelhead smolts that are prepared to migrate and 
timing the release to occur during high flow conditions may minimize impacts on listed 
fish from hatchery steelhead programs. 

Coho salmon in most situations, do not have the same potential to residualize as 
steelhead, but approximately 6 percent of the coho salmon planted as parr residualized in 
the receiving stream in the Clearwater River drainage for a year after release (Johnson 
and Sprague 1996).  Coho salmon parr stocked in 1995, were observed two years after 
release in snorkel surveys and screw traps (BIA 1998) and about 2,000 age two coho 
salmon smolts were counted at Snake River mainstem dams (FPC in BIA 1998).  So far 
there does not appear to be any residualism of coho salmon smolts released into the 
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Yakima and Methow Rivers (T. Scribner, YN, personal communication, September 
2004).

Ocean-type Chinook salmon, like the fall Chinook salmon of the Snake River and mid-
Columbia generally begin migration towards salt water soon after emergence, however 
some may spend up to one year before undertaking the smolt migration (Healey 1991).  
In the Snake River, Connor et al. (1992) report a small percentage of hatchery-produced 
fall Chinook salmon smolts spend more than a year as residents in the Snake River before 
smolting.  Although most stream-type Chinook salmon juveniles become smolts in the 
spring one year after emergence, some may spend a second year in fresh water, 
particularly slower- growing individuals.  This effect may be related to cooler water 
temperatures in more northern or higher elevation waters (Healey 1991).

The variability in life history exhibited by naturally produced anadromous salmonids 
probably has some adaptive and survival advantages.  By allowing slow-growing fish 
extra time in freshwater this strategy may ensure smolts that are large enough to improve 
migration survival.  That not all spawners are the same age allows transfer of genetic 
material between broodyears of a population and protects against loss of an entire 
spawning year to a single natural catastrophe.  Adaptability to cooler water or less 
productive water by extending freshwater residency may allow anadromous fish to 
occupy a greater variety of habitats.  The current conventional wisdom on hatchery 
management would support the standardization of life history and the rearing protocols 
which produce smolts on a single, uniform, schedule, but this practice may be 
intentionally selecting away from the genetic heritage of the fish.  For supplementation 
hatchery programs, and as artificial propagation practices include more natural rearing 
environments, hatchery managers may have to accommodate variable life histories in 
production protocols. 

In the case of artificial propagation programs for unlisted steelhead, particularly the 
programs that rear composite, domesticated and out-of-basin stocks, hatchery managers 
should continue to develop rearing and release protocols that reduce residualism and 
improve the smolting response, including acclimation, volitional release and growth 
schedules that produce healthy smolts that are of the proper size and stage of 
development at the appropriate time to initiate the smolt migration.  

Steelhead residuals normally remain near their release point (Whitesel et al. 1993; 
Jonasson et al. 1994; 1995 and 1996; Cannamela 1992).  Partridge (1986) noted that most 
residual steelhead were within about 8 km of the upper Salmon River release site.  
Schuck et al. (1998) reported steelhead residuals were found about 20 km below and 10 
km above release sites in the Tucannon River, Washington.  Steelhead residual densities 
were highest within 8 km of release sites and decreased quickly above and below these 
sites in the Grande Ronde and Imnaha Rivers in Oregon (Whitesel et al. 1993).

The number of residual steelhead appears to decline steadily throughout the summer in 
most Snake River basin release areas.  This may be due to harvest, other mortality, and 
outmigration.  Viola and Schuck (1991) noted that residual populations in the Tucannon 
River of Washington declined at a rate of about 50 percent per month from June to 
October (declining from 4.3 to 0.8 percent of the total released).  Whitesel et al. (1993) 
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found residual steelhead up to twelve months after release, however, densities declined 
rapidly over time.  

Acclimation ponds and volitional release strategies are currently the subject of active 
research in the Columbia River Basin.  It is unclear at this time whether or not 
acclimating and volitionally releasing steelhead smolts can substantially reduce the 
proportion of residualized steelhead in all cases.  WDFW appears to be able to 
substantially reduce the number of residualized steelhead by using a combination of 
acclimation, volitional release strategies, and active pond management whereby 
remaining steelhead are not released when sampling indicates the majority of remaining 
fish in a pond are males.  This action is taken because preliminary WDFW research 
indicates that the majority of residualized steelhead are males.  The ODFW monitoring 
has not confirmed WDFW results (USFWS 1994).  The ODFW saw no reduction in 
steelhead residualism rates in 1993 from acclimated fish in comparison to direct stream 
releases; however, they did not employ active pond management strategies (USFWS 
1994).  Lindsay et al. (2001) found no difference in the number of residualized hatchery 
steelhead observed at the release site between acclimated and direct stream release 
groups.  Lindsay et al. (2001) observed that residualism was related more to the size of 
the fish than to whether they were acclimated.  

In the 1995-98 Biological Opinion for Hatchery Operations in the Columbia River Basin 
(NMFS 1995a), NMFS recommended that hatchery steelhead smolts be released at sizes 
between 170 and 220 mm total length (TL), approximately 163-212 mm fork length (FL), 
based primarily on the work of two IDFG researchers, Cannamela (1992, 1993) and 
Partridge (1985). The maximum size recommendation was based on reports of higher 
residualism among steelhead over 240 mm TL and higher predation rates by residual 
steelhead over 250 mm TL.  Analysis by IDFG suggests that the 220 mm maximum size 
is less than the ideal size to release smolts (Rhine et al. 1997).  In several tests, Rhine 
reports that residualized steelhead are significantly smaller than smolts.  Of those 
steelhead smolts carrying PIT tags, 52.1 percent of fish released at 163-211 mm were 
detected at downstream dams, 66 percent of steelhead 212-250 mm TL were detected and 
83.3 percent of steelhead greater than 250 mm TL were detected.  Bigelow (1997) 
reported similar results in PIT tagged steelhead smolts released from Dworshak Hatchery.  
Over 70 percent of steelhead less than 180 mm TL were not detected at downstream sites, 
while approximately 85 percent of smolts over 180 mm TL were detected. 

This information suggests that release of juvenile steelhead less than 180 mm TL will 
contribute to residualism and the ideal release size may be larger than 220 mm TL.
However, concern for both residualism and predation by very large smolts (over 250 mm 
TL) is still valid.  Jonasson et al. (1996) reported predation on naturally produced 
juvenile steelhead by residual hatchery steelhead as small as 189 mm TL, but in general 
the larger residual fish tended more toward predation.  Overall, Jonasson et al. (1996) 
reports a low level of piscivory by residuals less than 230-250 mm TL. 

Based on this information the recommended steelhead smolt size range should be 180 
mm to 250 mm TL.  Further, if predation increases as size of fish released from 
hatcheries increases, then hatchery managers should avoid release of larger smolts in 
waters that support rearing fry of listed species.  Hatchery managers should continue to 
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evaluate the impacts of size at release on predation and residualism along with other 
measures to increase smolting success. 

Smolts that residualize not only pose a potential threat to naturally produced salmonids, 
they have a lower probability of returning as adults and fulfilling the intended purpose of 
recovery, fishery enhancement, or mitigation.  Healthy hatchery-produced smolts that 
migrate to the ocean soon after release have a good chance to return as adults, while those 
that select an extended stream residence often do not survive (Steward and Bjornn 1990).
If a high percentage of hatchery-produced smolts successfully return as adults, less 
production is required to meet recovery, mitigation or treaty trust responsibilities.  

Residualism is primarily a concern for releases of hatchery steelhead and not spring 
Chinook salmon, fall Chinook salmon, and coho salmon.  However, a small portion of 
coho salmon when released as parr have been observed to have residualized (Dunnigan 
1999).

4.1.8 Fisheries

Fisheries managed for, or directed at, the harvest of hatchery-origin fish have been 
identified as one of the primary factors leading to the decline of many naturally produced 
salmonid stocks (Flagg et al. 1995; Myers et al. 1998).  Depending on the characteristics 
of a fishery regime, the commercial and recreational pursuit of hatchery fish can lead to 
the harvest of naturally produced fish in excess of levels compatible with their survival 
and recovery (NRC 1996).  Listed salmon and steelhead may be intercepted in mixed 
stock fisheries targeting predominately returning hatchery fish or healthy natural stocks 
(Mundy 1997).  Fisheries can be managed for the aggregate return of hatchery and 
naturally produced fish, which can lead to higher than expected harvest of naturally 
produced stocks. 

In recent years harvest management has undergone substantial reforms and many of the 
past problems have been addressed.  Principles of weak stock management are now the 
prevailing paradigm.  Listed salmon and steelhead are no longer the target of fisheries, as 
a result, mixed stock fisheries are managed based on the needs of natural-origin stocks.
In many areas fisheries have been closed to protect natural-origin populations (e.g., 
before 2005 upper Salmon River spring Chinook salmon fisheries were closed to non-
treaty recreational fishing for more than 20 years).  Managers also account, where 
possible, for total harvest mortality across all fisheries.  The focus is now correctly on 
conservation and secondarily on providing harvest opportunity where possible directed at 
harvestable hatchery and natural-origin stocks.  For an in depth review of harvest 
management actions affecting Columbia River salmon and steelhead see chapter 3 of the 
LCFRB’s recovery plan (LCFRB 2004).  These management changes have resulted in 
harvest no longer being considered one of the top five limiting factors for almost all of 
the listed species (see Table 14).  

Rutter (1997) observed that the effects on listed stocks from harvesting hatchery-
produced fish can be reduced by certain management actions:  

Externally marking hatchery fish so that they can be differentiated from 
unmarked, natural fish.  
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Conducting fisheries that can selectively harvest only hatchery-produced fish with 
naturally produced fish being released.
Managing fisheries for the cumulative harvest rate from all fisheries to ensure 
impacts are not higher than expected (Mundy 1997).
Ensuring that harvest rates are not increased because of a large return of hatchery 
fish, fisheries can be managed based on the abundance and status of naturally 
produced fish.
Releasing hatchery fish from terminal areas so that returning adults can be 
harvested with little or no interception of naturally produced fish.  Fisheries can 
occur near acclimation sites or in other areas where released hatchery fish have a 
tendency to concentrate, which reduces the catch of naturally produced fish.
Reducing or eliminating the number of fish released from hatcheries if fisheries 
targeting hatchery fish cannot be managed compatible with the survival and 
recovery of listed fish.

Catchable Trout Fisheries  Many hatchery programs produce rainbow trout (and other 
trout species) for recreational fisheries to meet mitigation obligations for lost recreational 
harvest opportunities.  These programs have had an adverse effect on anadromous 
steelhead juveniles.  None of the proposed programs will release catchable trout, and 
hatchery steelhead smolts from the Eagle Creek NFH are not are exposed to these 
fisheries.

4.1.9 Masking

Returning adult hatchery fish can stray into natural spawning areas confounding the 
ability to determine the annual abundance of naturally produced fish.  This can lead to an 
over-estimation of the actual abundance and productivity of the natural population, and to 
an inability to assess the health and production potential of the critical habitat for that 
population.  This latter factor exists because the hatchery fish are not subject to the same 
spawning and early life history productivity limits experienced by the natural population 
in the natural freshwater environment.  The abundance and productivity of the naturally 
produced fish and the health of the habitat that sustains them, is therefore “masked” by 
the continued infusion of hatchery-produced fish. 

Masking of natural fish status by naturally spawning hatchery fish produced for harvest 
augmentation purposes was one basis for the recommended listing of the Puget Sound 
Chinook salmon ESU as “threatened” under the ESA (Myers et al. 1998).  Annual 
spawning ground censuses of fall Chinook salmon populations had historically 
aggregated naturally spawning hatchery and naturally produced fish.  When an 
identifying mark was applied to a proportion of the hatchery fish, efforts were made to 
subtract out hatchery fish from escapement estimates through expanded mark recovery 
estimates.  In many instances, however, the release of unmarked hatchery fall Chinook 
salmon groups, predominately of a single stock, led to the situation where salmon 
spawning escapement abundances were artificially sustained, and the actual annual 
abundances of the indigenous naturally produced fall Chinook salmon populations in 
some watersheds were over-estimated or unknown.  The situation in the Puget Sound has 
been corrected and now all hatchery-origin Chinook salmon are marked. 
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Attempts to identify and remedy anthropogenic factors adversely affecting fish habitat 
may be impeded through masking of natural fish status.  For example, instability and 
degradation of spawning gravel areas through flooding during critical spawning or egg 
incubation periods may not be recognized as a limiting factor to natural production if 
annual spawning ground censuses are subsidized by returning adults from annual 
hatchery releases.  If the vast majority of the adult fish observed were of direct hatchery 
origin, the poor natural productivity status of the spawning areas will not be evident 
without additional, expansive monitoring efforts. 

Resolution of the masking issue can be achieved by:
Providing an effective means to easily differentiate hatchery fish from natural-
origin fish on the spawning grounds.  A readily visible external mark applied to 
hatchery fish prior to release, combined with an effective spawning ground census 
program designed to derive separate estimates of hatchery and natural fish, is one 
avenue available.  Mass marking of hatchery fish using an internal mark (e.g., 
otolith banding) may also be used to differentiate hatchery from natural-origin 
fish on the spawning grounds, if a statistically valid adult sampling design to 
collect and analyze mark recovery data is also implemented.  
Plant or release fish only in areas where “masking” is not an issue but still mark 
enough fish to monitor straying. 
Removing hatchery fish through selective fisheries or at weirs and dams. 
Imprinting hatchery fish to return to lower river or tributary areas not used by 
natural fish in a watershed.
Reducing or limiting hatchery fish release numbers leading to decreased adult 
hatchery fish returns may also reduce masking effects. 

4.1.10 Nutrient Cycling 

The flow of energy and biomass from productive marine environments to relatively 
unproductive terrestrial environments supports high productivity in the ecotone where the 
two ecosystems meet (Polis and Hurd 1996).  Anadromous salmon are a major vector for 
transporting marine nutrients across ecosystem boundaries (i.e. from marine to freshwater 
and terrestrial ecosystems).  Because of the long migrations of some stocks of Pacific 
salmon, the link between marine and terrestrial production may be extended hundreds of 
miles inland.  Nutrients and biomass extracted from the milt, eggs, and decomposing 
carcasses, of spawning salmon stimulate growth and restore the nutrients of aquatic 
ecosystems.  Nutrients originating from salmon carcasses are also important to riparian 
plant growth.  Direct consumption of carcasses and secondary consumption of plants and 
small animals that are supported by carcasses is an important source of nutrition for 
terrestrial wildlife (Cederholm et al. 1999). 

Current escapements of naturally produced and naturally spawning hatchery-produced 
anadromous salmonids in the Columbia Basin are estimated at about 7 percent of the 
historic biomass (Cederholm et al. 1999).  Throughout the Pacific Northwest, the 
delivery of organic nitrogen and phosphorus to the spawning and rearing streams for 
anadromous salmonids has been estimated at 5 to 7 percent of the historic amount (Gresh 
et al. 2000).  Cederholm et al. (1999) calculate the historical spawning escapement at 
45,150 mt (metric ton) of biomass annually added to the aquatic ecosystems of the 
Columbia compared to 3,400 mt annually with current spawning escapements.  

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 125

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 154 of 1903

1-SER-181

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 181 of 300
(185 of 992)



Artificial propagation programs in the basin add substantial amounts of fish biomass to 
the freshwater ecosystem.  The annual hatchery production cap of nearly 200 million 
smolts, at 25 g/smolt average weight, adds about 5,000 mt of biomass to the Columbia 
Basin.  Returning adults from artificial propagation programs have totaled 800,000 to 
1,000,000 in recent years (ODFW and WDFW 1998).  At the average weight of 6.75 kg 
used by Cederholm et al. (1999), 5,400 to 6,750 mt of fish biomass is potentially returned 
to the Columbia River annually due to artificial propagation programs.  Of course, most 
of the hatchery smolt production is expected to leave freshwater and migrate to the 
marine ecosystem, but undoubtedly some is retained in freshwater and terrestrial 
ecosystems as post-release mortalities and consumption by predators such as bull trout, 
ospreys and otters.  Much of the adult return from hatchery production may be removed 
from the ecosystem by selective fisheries or taken at hatchery weirs and traps. 

However, the potential to utilize the marine-derived nutrients that are imported to 
freshwater ecosystems in the carcasses of hatchery returns may be of value for 
stimulating ecosystem recovery.  Experiments have shown that carcasses of hatchery-
produced salmon can be an important source of nutrients for juvenile salmon rearing in 
streams (Bilby et al. 1998).   Hatchery carcasses may also replace some of the nutrient 
deficit in riparian plant and terrestrial wildlife communities where naturally produced 
spawners are lacking.  The contribution of artificial propagation programs has the 
potential to exceed the contribution of naturally produced fish in replenishing the nutrient 
capital of aquatic ecosystems in the short term, but should not be regarded as a long term 
solution to replacing the nutrient subsidy provided by naturally produced salmon. 

4.1.11 Monitoring and Evaluation 

Monitoring and Evaluation programs are necessary to determine the performance of 
artificial propagation programs. The Artificial Production Review (NPPC 1999) listed 
four criteria for evaluating both augmentation and mitigation programs: 
 1.  Has the hatchery achieved its objectives? 
 2.  Has the hatchery incurred costs to natural production? 
 3.  Are there genetic impacts associated with the hatchery production? 
 4.  Is the benefit greater than the cost? 

Historically, hatchery performance was determined solely on the hatchery’s ability to 
release fish (NPPC 1999), this was further expanded to include hatchery contribution to 
fisheries (e.g. Wallis 1964; Wahle and Vreeland 1978; Vreeland 1989).  Past program-
wide reviews of artificial propagation programs in the Northwest have indicated that 
monitoring and evaluation has not been adequate to determine if the hatchery objectives 
are being met (ISG 1996; NRC 1996; NFHRP 1994).  The lack of adequate monitoring 
and evaluation has resulted in the loss of information that could have been used to 
adaptively manage the hatchery programs (NRC 1996). 

Under the ESA, monitoring and evaluation programs for artificial production are not only 
necessary for adaptive management purposes but are required to ensure that artificial 
propagation activities do not limit the recovery of listed populations.  Monitoring and 
evaluation of artificial propagation activities are necessary to determine if management 
actions are adequate to reduce or minimize the impacts from the general effects discussed 

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 126

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 155 of 1903

1-SER-182

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 182 of 300
(186 of 992)



previously, and to determine if the hatchery is meeting its performance goals.  
Monitoring and evaluation activities will occur within the hatchery facilities as well as in 
the natural production areas.  Monitoring and evaluation within the hatchery can include 
measurements to evaluate hatchery production (i.e., survival, nutrition, size at age, 
condition, disease prevention, genetic makeup, total released, percent smolted, etc.). 

Monitoring and evaluation to determine impacts on listed fish from artificial propagation 
programs can itself have potential adverse impacts on listed fish in the hatchery though 
injuries incurred during sampling and marking.  Sampling within the hatchery can 
include direct mortalities (e.g., genetic analysis, disease pathology, smolt condition) and 
indirect take (e.g. sorting, marking, transfers).  Marking of hatchery fish prior to release 
is required for all programs to monitor and evaluate hatchery effects (positive and 
negative).  Marking is necessary to evaluate a number of objectives including selecting 
broodstock, determining hatchery stray rates and hatchery contributions to fisheries, and 
for the implementation of selective fisheries that target hatchery fish.  

For hatchery supplementation programs, the goal is to promote the viability of natural-
origin populations as the factors limiting viability are reduced by using hatchery fish to 
increase the number of natural spawners.  Monitoring and evaluation for this goal 
requires the sampling of naturally produced adults and juveniles in natural production 
areas.  In the Columbia River Basin, many of these naturally produced populations are 
listed under the ESA.

Monitoring and evaluating fish and fish assemblages in the natural environment is 
necessary to determine any positive or negative effects the artificial production program 
is having on the natural population.  Genetic and life-history data may need to be 
collected from the natural population to determine if the hatchery population has diverged 
from the natural population and if the natural population has been altered by the 
incorporation of hatchery fish into the spawning population.  Sampling methods can 
include the use of weirs, electro-fishing, rotary screw traps, seines, hand nets, spawning 
ground surveys, snorkeling, radio tagging, and carcass recovery.  Each sampling method 
can be used to collect a variety of information.  Sample methods, like tagging methods, 
can adversely impact listed fish, both those targeted for data collection and those taken 
incidentally to the data collection. 

NMFS has developed some general guidelines to reduce impacts when collecting listed 
adult and juvenile salmonids (NMFS 1999e; NMFS 2000e) which have been 
incorporated as terms and conditions into section 10 and section 7 permits for research 
and enhancement activities (e.g., NMFS 1999d).  Though necessary to monitor and 
evaluate impacts on listed populations from artificial propagation programs, monitoring 
and evaluation programs should be designed and coordinated with other plans to 
maximize the data collection while minimizing take of listed fish. 

4.2 Effects of Hatchery Programs  

The specific risks to listed salmon and steelhead species in the action area as a result of 
factors described in the preceding section are evaluated below.  Specific risks that are of 
concern for some programs include broodstock collection, genetic introgression, 
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competition/density dependence effects, and monitoring and evaluation activities (see 
Table 16). 

4.2.1 Hatchery Operations 

Hatchery Facilities Failure:  Of the programs considered in this opinion, only the Spring 
Creek NFH tule fall Chinook salmon and the Eagle Creek NFH coho salmon programs 
rear fish that are considered to be part of their listed ESUs, and therefore these are the 
only two programs in which listed salmon might be at risk from hatchery facility failure.
All the proposed hatchery programs use the appropriate measures described in section 
4.1.1 to reduce the risk of catastrophic loss due to facility failure.

Hatchery Water Intake Impacts:  The water source for the Willard NFH is the Little 
White Salmon River above an impassible falls that is immediately above the LWS NFH.  
There is no important natural spawning or rearing habitat above the LWS hatchery.  The 
Eagle Creek NFH obtains production water from an intake structure at the top of a 
waterfall directly above the hatchery on the mainstem Eagle Creek.  This falls is the 
upper limit of anadromous habitat in the basin.  The water source for the Spring Creek 
NFH is from springs and a well and the hatchery operates under a 90 percent water reuse 
system.  Water withdrawals for hatchery operation do not impact natural spawning 
anadromous salmonid populations.  Water intake screens at the Dayton Acclimation Pond 
meet NMFS screening criteria.  

The primary source of fish culture water used at the Carson NFH is Tyee Springs located 
approximately 3/8 mile from the hatchery site (USFWS 2004d).  Tyee Springs is an 
exceptional water source producing 44 second-feet of 44 F, high quality water.  In the 
past during limited periods of the year, water was withdrawn from the Wind River to 
adjust water temperatures for rearing and to supplement Tyee Creek withdrawals.  Intake 
screening for the Wind River withdrawal pipe does not meet current NMFS screening 
standards.  The structure is antiquated, unsafe for juvenile salmonids, and has been put in 
the funding queue for replacement.  Entry of listed species into the hatchery through the 
river intake structure has not been observed in the past.  Because the current intake screen 
is not up to NMFS criteria and to avoid introducing naturally occurring diseases present 
in the Wind River water, use of this source has not occurred for over 7 years (J. Hitron, 
USFWS, personal communication, 2007).  To avoid the need to use river water the 
USFWS has reduced production from 1.6 million smolts to 1.42 million as described in 
the HGMP.  As a further example of how the USFWS has avoided using Wind River 
water, in 2001 and again in 2003, when the program was threatened with drought 
conditions the USFWS proposed to transport and release 250,000 juveniles early if flows 
within Tyee Springs fell below 15,000 gpm (D. Olsen, USFWS, personal communication, 
2003).  The remaining 1.17 million could be reared to full term on the remaining water 
and released the following May.  However, the need for these early releases was avoided 
when drought conditions were ameliorated.  If the program is again threatened with 
drought conditions prior to the upgrade of the intake screens, the USFWS will consult 
with NMFS on their proposed actions to reduce the need to use Wind River water.  A 
pump with screens that meet NMFS criteria is an option that could be utilized when 
withdrawal from the Wind River is necessary.  Under current operations water 
withdrawals for hatchery operations are not expected to have an adverse impact on 
natural spawning populations.   
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The water source for the Warm Springs NFH is the Warm Springs River.  All water 
rights on the Warm Springs River are the property of the CTWSRO.  The intake structure 
and pumps are located at the hatchery site just upstream of the barrier dam.  Prior to 
being pumped, water is passed through a trash rack and traveling screen.  In front of the 
traveling screen is a fish bypass that deposits small fish below the barrier dam.  The 
screens on the intake are 3/16th inch mesh (USFWS 2004h). 

A small number of wild juvenile steelhead or resident rainbow trout, lamprey, and 
suckers have been observed in the rearing ponds at the hatchery.  This indicated that 
juvenile fish from the Warm Springs River were making it through the intake and into the 
hatchery.  The Integrated Hatchery Operations Team noted that the current 3/16th inch 
mesh does not meet the 1/10th inch standard for screening facilities (IHOT 1995).  The 
Warm Springs NFH Implementation Plan (CTWSRO and USFWS 2002) identified the 
need to replace the water intake structure to meet NMFS’s screening criteria.  The 
replacement of the screens was completed in 2005.  

The impacts from the operation of the Lyons Ferry Hatchery where hatchery summer 
steelhead released into the Touchet and Walla Walla Rivers are spawned and reared are 
considered in another consultation.  Summer steelhead are acclimated at the Dayton 
Acclimation Pond and the water intake screens currently meet NMFS criteria. 

Table 19 provides a summary of the possible impacts from hatchery facility operations, 
and the measures taken to minimize the possible impacts from the operation of the 
hatchery on listed salmon and steelhead from program hatchery fish. 

4.2.2 Broodstock Collection 

None of the proposed artificial propagation programs will remove listed naturally 
produced adult salmon and steelhead from the naturally spawning populations for 
broodstock.  All of the proposed artificial propagation programs will use only returning 
hatchery adults thus eliminating risks from selection effects and numerical reduction, and 
minimizing effects on marine-derived nutrient availability.  The handling of natural-
origin fish (i.e., returning natural-origin fish to the stream or river after they have 
volunteered into a trap) is the only potential impact posed by broodstock collection 
activities and analyzed in this biological opinion.  The exception to the above is the 
Warm Springs NFH spring Chinook salmon program which will incorporate non-listed 
natural-origin spring Chinook salmon into their broodstock.  These Chinook salmon are 
not listed under the ESA, and thus the collection of adult Chinook salmon for broodstock 
does not constitute a take under the ESA. 
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Table 19.  Summary of impacts from Hatchery Operations, and the measures taken by the 
hatchery programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, water withdrawals from 
above barrier to anadromous fish. 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, water withdrawals from 
above barrier to anadromous fish. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, water withdrawals from 
above barrier to anadromous fish. 

Carson NFH Spring Chinook 
Salmon  

No impact expected, the supplemental water 
intake screen, minimized through decreased fish 
production, and the use of a pump with screens 
that meet NMFS criteria. 

Spring Creek NFH Tule Fall 
Chinook Salmon

No impact expected, listed hatchery fish protected 
from catastrophic failure by alarms, training, and 
personnel living on station; water source is 
spring.

Eagle Creek NFH Coho Salmon No impact expected, listed hatchery fish protected 
from catastrophic failure by alarms, training, and 
personnel living on station; water withdrawals 
from above barrier to anadromous fish. 

Eagle Creek NFH Winter Steelhead No impact expected, water withdrawals from 
above barrier to anadromous fish. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

No impact expected, intake screens meet NMFS 
criteria.

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

No impact expected, Dayton Acclimation Ponds 
intake screens meet NMFS criteria.  

Collection Method: Adult broodstock for the programs at the LWS NFH Complex 
volunteer up a ladder at the base of the weir adjacent to the LWS NFH at the mouth of 
the Little White Salmon River.  There is very little habitat between the weir and the 
natural falls above the hatchery, and no natural production occurs in the Little White 
Salmon River.  Unmarked coho salmon adults have been collected at the facility and are 
assumed to be returning hatchery adults that were missed during the juvenile fin-clipping 
operations, or stray unmarked hatchery coho salmon from other programs above 
Bonneville Dam.  Mass marking errors can average 3-4 percent of the production 
releases, and this would account for unmarked adults returning to the facility along with 
the fact that natural coho salmon production is very limited in the upper Gorge area. 

Adult broodstock returning to the Carson NFH volunteer up the hatchery’s fish ladder, 
homing on Tyee Springs water, with no barrier in the Wind River at the hatchery.  It is 
expected that less than 5 adult steelhead could be handled during sorting operations 
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annually (only 3 steelhead have entered the hatchery in the last 5 years, B. Thorsen 
Carson NFH Manager, personal communication, 2005).

Returning hatchery adults volunteer up the fish ladder from the mainstem Columbia 
River and into a holding pond at Spring Creek NFH.  The small number of URB fall 
Chinook salmon that enter the holding ponds are easily distinguished from the tule fall 
Chinook salmon and these are released back into the Columbia River.  The majority of 
any incidental URB fall Chinook salmon returning to Spring Creek NFH are likely to be 
strays from LWS NFH and the Bonneville SFH URB fall Chinook salmon production 
programs.  The hatchery tule fall Chinook salmon returning to Spring Creek NFH are 
considered to be part of the ESU and are presently listed under the ESA.  Up to 74,514 
hatchery tule fall Chinook salmon could be taken annually, based on the record return in 
2004.  As describe above, 7,000 adults are needed to meet broodstock needs, the 
remainder are considered surplus.  Because these fish are surplus to conservation and 
recovery needs (see Draft White Salmon Recovery Plan for a description of when they 
will be needed (NMFS 2006a)) and because they are distinguished from naturally 
spawned fish in the ESU, they are exempted under section 4(d) of the ESA (70 FR 
37194).  To further ensure separation from naturally produced fish, Spring Creek NFH 
began to mass mark all production in 2005, and all hatchery returns beginning in 2009 
will be externally marked which will allow for the identification of hatchery and naturally 
produced tule fall Chinook salmon at the hatchery and on the spawning grounds.  If 
research shows that the program fall Chinook salmon are representative of the naturally 
spawning population, program fish could provide adults and juveniles for reintroduction 
into habitat reopened by the removal of Condit Dam (NMFS 2006a). 

At the Eagle Creek NFH, returning adults enter the hatchery volitionally via the fish 
ladder below an electric weir.  The weir limits access to a small section of the creek that 
passes through the hatchery complex up to the natural barrier.  The weir is operated 
during broodstock collection activities for coho salmon and steelhead beginning in 
September for coho salmon and December for winter steelhead.  Unmarked adult 
steelhead are very rare at the hatchery and are released immediately back into Eagle 
Creek below the weir.  Coho salmon broodstock collection activities are completed by the 
end of November for the early-run stock of coho salmon at Eagle Creek NFH.  Later 
returning coho salmon are considered to be representative of the indigenous population in 
the basin but are rare at the hatchery.  Later returning coho salmon adults were 
documented at the hatchery on December 13 and 22, 1993, but since that time 
occurrences have been rare.  Later returning unmarked coho salmon that volunteer into 
the hatchery are released downstream of the weir.  The hatchery coho salmon returning to 
Eagle Creek NFH are considered to be part of the ESU listed under the ESA.  Up to 
38,546 adult coho salmon could be collected annually, based on the record return in 
2001.  Take prohibitions under section 9 of the ESA do not apply to these returning 
adults because all production at the hatchery is massed marked with an adipose fin-clip, 
and are considered to be surplus to the recovery needs of the ESU. 

Broodstock collection for the Warm Springs NFH spring Chinook salmon program is 
accomplished via a barrier dam, adjacent to the hatchery, that blocks upstream passage of 
all fish and directs them into a fish ladder located at the hatchery.  During the adult spring 
Chinook salmon migration from mid-April to September an automated fish passage 
system is operated to sort natural spring Chinook salmon adults and hatchery spring 
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Chinook salmon adults with CWTs.  A video system is in place to monitor fish passing 
upstream of the hatchery.  The minimum operating standards for the system are removal 
of 95 percent of the fish with CWTs and 95 percent accuracy in counting upstream-bound 
fish.  If the passage system is not operating within minimum operating standards, natural-
origin spring Chinook salmon are collected for broodstock, or if hatchery steelhead are 
passing upstream, then either the necessary adjustments will be made or the system will 
be bypassed and all fish will be trapped and sorted by hatchery personnel.  

A goal for the management of listed steelhead in the Warm Springs River Basin is to 
prevent hatchery steelhead from spawning in the basin above the hatchery.  To meet this 
goal, all marked hatchery steelhead and those with deformed fins are prevented from 
passing upstream and provided to the CTSWRO for distribution.  All unmarked fish are 
passed upstream.  In the past, this program has handled all steelhead passing through the 
system.  With the automated system, handling of listed steelhead is reduced, but the 
potential for passage of marked steelhead increases.  Passage of marked hatchery fish 
when the system was in operation was <1 percent of the steelhead above the ladder.  The 
operation of the barrier dam and fish ladder can potentially adversely impact the listed 
steelhead (see general effects section 4.1.2), but through the proposed operation of the 
fish trap, marked hatchery fish can be removed, creating a natural steelhead refuge in the 
upper Warm Springs River.  

Marked stray hatchery steelhead have accounted for up to 64 percent of the steelhead 
handled at the Warm Spring Hatchery trap, with the recent 5 year average (1997-2001) 
being 53 percent.  This ratio has declined in recent years.  These proportions exceed the 5 
percent standard for limiting out-of-basin stray rates and if allowed to pass upstream 
would adversely impact the naturally producing steelhead population in the Warm 
Springs River.  Furthermore, recovered marked hatchery steelhead with CWTs, indicated 
that these were from Snake River Basin hatchery programs (outside the MCR steelhead 
ESU).  The removal of marked stray hatchery steelhead originating from outside the 
Deschutes River Basin insures proportions of hatchery steelhead in the Warm Springs 
River will not exceed the 5 percent stray rate standard.  In this case, the hatchery program 
benefits Warm Springs River steelhead viability by removing hatchery strays from 
outside the area that pose impacts on steelhead diversity, productivity and ultimately to 
abundance.  The only concern is the possibility that unmarked hatchery-origin steelhead 
from outside the Deschutes River Basin will be allowed upstream, but this is not the fault 
of the Warm Springs program.  

The incidental take of listed species occurs during the manual sorting of fish in the fish 
ladder at Warm Springs NFH.  Take occurs as a result of delay in migration timing, stress 
associated with handling, or misidentification of wild and hatchery steelhead.  Hatchery 
personnel attempt to minimize handling stress on fish by following the appropriate fish 
handling guidelines.  Take of listed species as a result of the fish barrier dam, fish ladder, 
and hatchery sorting procedures has been minimal.  Three unmarked adult steelhead were 
accidentally killed in 1998.  No other mortality of unmarked adult steelhead at the 
hatchery has been recorded since 1995 (CRiS Database 3/18/02).  

Current operations of the Warm Springs NFH, and the trapping of listed steelhead does 
not adversely affect listed MCR steelhead and are in fact providing a benefit by removing 
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marked hatchery fish and creating a natural production refuge for steelhead in the Upper 
Warm Springs River.  

As described in the proposed actions, broodstock for the summer steelhead that are 
released into the Walla Walla River basin are collected at the Lyons Ferry Hatchery and 
these activities will be addressed in a separate consultation. 

Table 20, provides a summary of the possible impacts of broodstock collection, and the 
measures taken to minimize the possible impacts from broodstock collection activities on 
listed salmon and steelhead from program hatchery fish. 

4.2.3 Genetic Introgression 

As described above, artificial propagation of salmon and steelhead has the potential to 
adversely impact naturally produced populations through genetic introgression.  Section 
4.1.3 above describes these impacts and the measures that can be implemented to 
minimize these impacts. 

The spring Chinook salmon program at the LWS NFH Complex is not expected to have 
any adverse impact on listed spring Chinook salmon.  Habitat for spring Chinook salmon 
production in the gorge area is presently limited to the Hood River basin in Oregon and 
the small section of river below Condit Dam on the White Salmon River.  CWT 
recoveries of LWS spring Chinook salmon have shown that very few fish stray to other 
basins.  Stray spring Chinook salmon, if encountered, are prevented from passing 
upstream above Powerdale Dam on the Hood River.  Currently, there are no other natural 
self-sustaining populations of spring Chinook salmon in the upper gorge area to adversely 
impact.  

Impacts from naturally spawning coho salmon from the LWS NFH Complex will be 
eliminated with the termination of releases into the Little White Salmon River in 2004, 
last adults will return in 2006.  Returning adults from past releases are not expected to 
have an adverse impact, because coho salmon production and habitat in the tributaries 
above Bonneville Dam is very limited.  Spawning ground surveys have identified both 
marked hatchery coho salmon and unmarked coho salmon, but the actual proportion of 
hatchery coho salmon in the spawning population is unknown due to the release of 
unmarked coho salmon into the Klickitat, Umatilla, Yakima, Upper Columbia, and Snake 
Rivers.
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Table 20.  Summary of impacts from Broodstock Collection, and the measures taken by 
the hatchery programs to minimize these effects. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, natural-origin fish are not 
present, program has been terminated. 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, natural-origin fish are not 
present.

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, natural-origin tule fall 
Chinook salmon are not present. 

Carson NFH Spring Chinook 
Salmon  

May impact, listed steelhead that volunteer into 
hatchery released back to river unharmed. 

Spring Creek NFH Tule Fall 
Chinook Salmon

May impact, natural origin tule fall Chinook 
salmon may enter hatchery, marking will permit 
identification of natural-origin fish 

Eagle Creek NFH Coho Salmon May impact, unmarked coho salmon that enter 
hatchery released back into Eagle Creek 
unharmed. 

Eagle Creek NFH Winter Steelhead May impact, unmarked winter steelhead that enter 
hatchery released back into Eagle Creek 
unharmed. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

May negatively impact, delay at trap, and 
handling during sorting, minimized through 
automatic sorter, and appropriate fish handling 
procedures.

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

No impact expected, broodstock collected at 
Lyons Ferry Hatchery, effects to be considered in 
separate consultation. 

There is the potential for genetic introgression from naturally spawning hatchery-origin 
URB fall Chinook salmon released from the LWS NFH.  Naturally spawning URB fall 
Chinook salmon have been observed in tributaries to the Bonneville Pool, spawning in 
areas used by listed tule fall Chinook salmon.  Fall Chinook salmon spawning habitat is 
very limited in this area.  There is the potential for overlap of tule fall Chinook salmon 
and URB fall Chinook salmon spawning in this limited habitat, increasing the potential 
for genetic introgression.  The potential for redd superimposition by the later spawning 
hatchery-origin URB fall Chinook salmon is also a concern and is addressed below.
Temporal separation of URB and tule fall Chinook salmon is managed by not opening the 
fish ladder at the LWS NFH until mid-September to prevent the collection of Spring 
Creek tule fall Chinook salmon.  Coho salmon are the first to enter with the first URB fall 
Chinook salmon being collected in mid-October, with spawning generally beginning the 
last week of October and ending the first week of November.  Tule fall Chinook salmon 
spawning at Spring Creek NFH is generally completed by the middle of September, so 
temporal separation of the production from the two programs is maintained.  The ongoing 
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evaluation of the ladder operations at LWS NFH during the fall and the genetic analysis 
of naturally spawning fall Chinook salmon in the White Salmon River are expected to 
provide estimates of the level of straying due to ladder closures, and to determine if 
interbreeding has occurred between tule and URB fall Chinook salmon.  The temporal 
separation in spawn timing observed for the URB and tule fall Chinook salmon hatchery 
programs is expected to minimize genetic introgression between LWS URB fall Chinook 
salmon and naturally spawning tule fall Chinook salmon.  These programs are expected 
to isolate themselves from listed fish.  The genetic analysis is proposed in order to 
provide data to evaluate the validity of this expectation. 

No adverse genetic impacts are anticipated from the release of spring Chinook salmon 
into the Wind River from Carson NFH.  The Wind River basin historically never 
supported spring Chinook salmon production (McElhany et al. 2004).  Carson NFH 
spring Chinook salmon when allowed to spawn naturally in the Wind River have not 
been successful in producing smolts or returning adults.  As described above, spring 
Chinook salmon spawning in the gorge area of the LCR Chinook Salmon ESU is very 
limited.  All of the hatchery spring Chinook salmon from this program are externally 
marked.  The straying of Carson NFH spring Chinook salmon is very limited, but 
program fish have been recovered at other hatcheries, notably LWS NFH.  Studies have 
shown that Carson NFH spring Chinook salmon adults marked and released at LWS NFH 
will return to Carson NFH (Pastor 2004).  Carson NFH spring Chinook salmon are not 
expected to adversely impact listed LCR Chinook salmon.   

Tule fall Chinook salmon from the Spring Creek NFH have been recovered during 
spawning ground surveys of gorge tributaries.  The proportion of hatchery fall Chinook 
salmon on the spawning grounds has been estimated using expansions of CWT 
recoveries.  Figure 4 illustrates how, in 2001 and 2002, Spring Creek NFH tule fall 
Chinook salmon made up the majority of the naturally spawning fall Chinook salmon.  
This trend was reversed in 2003 when the majority of the naturally spawning population 
consisted of natural origin adults.  It is believed that natural spawning populations of tule 
fall Chinook salmon in the Wind and White Salmon Rivers are largely comprised of 
Spring Creek NFH fish (NMFS 1999f).  Spring Creek NFH CWT’s have been recovered 
during annual spawning ground surveys in these tributaries (Harlan 1999).  Scale analysis 
of tule fall Chinook salmon at Powerdale Dam on the Hood River has identified that 
approximately 20 percent of the fish are of hatchery origin (ODFW 2001b).  Genetic 
sampling of the naturally spawning populations in these local tributaries is proposed and 
will be compared to the Spring Creek NFH stock to determine the level of stock 
similarity.  Fall Chinook salmon in these tributaries may not be self-sustaining because 
the available fall Chinook salmon spawning habitat in the Wind and White Salmon 
Rivers is very limited due to the inundation of the tributaries by the pool created by 
Bonneville Dam.  

The historic native White Salmon River tule fall Chinook salmon population was the 
founding source for Spring Creek NFH tule fall Chinook salmon.  The Spring Creek NFH 
stock is included in the LCR Chinook salmon ESU and currently the stock of choice for 
reintroduction into the White Salmon River when Condit Dam is removed (NMFS 
2006a).  Condit Dam removal is expected in 2008.  Although Spring Creek NFH fish 
may be largely supporting the Wind and White Salmon tule fall Chinook salmon 
naturally spawning populations, genetic introgression of Spring Creek NFH fish for the 
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ESU as a whole is not considered a substantial issue because the vast majority of the 
natural production for this ESU occurs below Bonneville Dam where there is not a 
documented history of substantial straying of Spring Creek NFH fish into other natural 
production areas (Spring Creek NFH CWT recoveries are rare below Bonneville Dam 
(Pastor 2004)).  Furthermore, Spring Creek NFH tule fall Chinook salmon would be the 
stock of choice for future supplementation programs for individual tule populations 
within the upper Gorge area if this action is deemed necessary/appropriate (see Draft 
White Salmon Recovery Plan (NMFS 2006a)). Compared to other hatchery populations 
of tule fall Chinook salmon, the Spring Creek NFH stock has likely retained many of the 
genetic and life-history characteristics of the original tule Chinook salmon population 
(NMFS 2004).  This is because of Spring Creek’s large annual spawning population and 
relative lack of historical brood stock transfers from outside sources.  However, it will 
still be necessary to collect genetic information from the naturally spawning population 
of fall Chinook salmon in the White Salmon River as proposed to determine if the Spring 
Creek NFH tule fall Chinook salmon have diverged from the naturally spawning 
population and are still appropriate for recovery. 

Eagle Creek hatchery (early) coho salmon, returning from September through November 
and spawning in October and November, are not known to stray outside the lower 
Clackamas River.  The number of recoveries of Eagle Creek NFH adults in areas outside 
of Eagle Creek and the hatchery is low (Pastor 2004), though in recent years marked 
hatchery coho salmon have been recovered in Deep Creek, a tributary to the Clackamas 
River below the mouth of Eagle Creek.( Suring et al. 2006).  However, Suring et al.
(2006), also found that Eagle Creek NFH coho salmon did not stray into any of the other 
tributaries (primarily Clear Creek) in the lower Clackamas River, and very few (less than 
5 annually) are recovered at the North Fork Dam trap.  This recent level of straying is an 
increase when compare to past estimates of straying, for example, for brood year 1996, 
13,229 coho salmon returned to Eagle Creek NFH with one tag recovered at Fallert Creek 
Hatchery in Washington  (expanded to 20 recoveries), with all other recoveries reported 
as harvest (CRiS data report, 08/20/2002). Potential impacts should be further reduced 
due to Federal Mitchell Act funding cuts that have reduced the number of hatchery smolts 
released from Eagle Creek NFH from 1.0 million smolts in 1999 to 500,000 smolts in 
2002.  Because of temporal and spatial separation between Eagle Creek early run 
(September through November) and Clackamas late run coho salmon (November through 
March), genetic introgression between these stocks is minimized.  Eagle Creek NFH coho 
salmon are also temporally isolated from the later spawning coho salmon in the North 
Fork Eagle Creek.

A genetic sampling program was started in 2005 to confirm that there is spatial and 
genetic separation between the naturally spawning population in the North Fork Eagle 
Creek and Eagle Creek NFH coho salmon.  It is important to note that under the new 
listing for the LCR Coho Salmon ESU, the Eagle Creek NFH stock of coho salmon is 
considered to be part of the ESU, though it is currently operated as an isolated program to 
support harvest and not intended to supplement the naturally spawning population.  The 
area upstream of North Fork Dam on the mainstem Clackamas River is managed by 
ODFW as a “wild fish only” area, and all marked hatchery fish are prevented from 
passing above the dam.  Current management operations at Eagle Creek NFH are 
consistent with hatchery management strategies identified in ODFW’s Endangered 
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Species Management Plan for coho salmon (Oregon Fish and Wildlife Commission 
2001).

Eagle Creek NFH hatchery winter steelhead are not known to stray outside of the local 
area but may spawn naturally in the lower Eagle Creek drainage.  The North Fork of 
Eagle Creek supports a run of wild, late-run winter steelhead.  Most of the natural-origin 
late winter steelhead are found in the upper Clackamas River watershed above North 
Fork Dam.  Adults from this DPS would be expected in Eagle Creek from November 
through mid-June, with a peak in March, April and May.  Hatchery winter steelhead are 
collected for brood stock at the Eagle Creek NFH from December to mid-March.  There 
is some overlap in potential run and spawn timing, but most natural-origin, listed fish 
have a later run and spawn timing than the hatchery stock at Eagle Creek NFH.  This 
spatial and temporal separation reduces the potential for genetic introgression.  Research 
activities in Eagle Creek will determine upstream migration patterns for returning 
hatchery adult steelhead, and will collect genetic samples of natural-origin steelhead 
adults and juveniles to reconfirm whether or not hatchery and listed steelhead populations 
in Eagle Creek remain segregated.  

Sampling efforts in 2000 indicated that the Eagle Creek NFH winter steelhead were 
genetically distinct from the natural-origin late run winter steelhead in the North Fork 
Eagle Creek and from those originating above the North Fork Dam on the Clackamas 
River (D. Campton, USFWS, personal communication, February 22, 2001).  The Eagle 
Creek NFH stock were derived from the Big Creek stock of early winter steelhead.  The 
genetic sampling supports the assumptions that the Eagle Creek NFH winter steelhead 
have not genetically introgressed with the naturally produced late-run winter steelhead 
(D. Campton, personal communication, February 22, 2001).  The genetics data, the 
temporal and spatial separation of returning adult winter steelhead, and the reduced 
releases and program size (150,000 smolts down from 200,000 (1997-2000 releases)), 
supports the conclusion that natural-origin and hatchery-origin adult spawners are 
substantially reproductively isolated and that the Eagle Creek NFH steelhead program 
does not adversely impact the LCR steelhead ESU. 

The release of spring Chinook salmon from the Warm Springs NFH would not be 
expected to adversely impact listed MCR steelhead due to genetic introgression, because 
spring Chinook salmon and steelhead do not interbreed.  The Warm Springs NFH 
program does provide a genetic benefit to MCR steelhead in the Warm Springs River by 
removing stray hatchery steelhead and providing a refuge for natural-origin fish in the 
river basin above the hatchery.  The removal of known hatchery steelhead has prevented 
the potential genetic introgression of steelhead from outside the basin and from outside 
the ESU.

In the 1999 Biological Opinion on artificial propagation (NMFS 1999a), NMFS included 
a Conservation Recommendation to the USFWS to develop a locally-adapted summer 
steelhead program to replace the current releases of LFH summer steelhead.  Releases of 
non-endemic hatchery steelhead stocks in the MCR and in the Snake River basin were 
determined to jeopardize the continued existence and chance for recovery of listed 
steelhead populations in those basins. 
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The primary concern with the releases of LFH hatchery summer steelhead into the 
Touchet and Walla Walla Rivers is the potential for genetic introgression from adults that 
return to spawn naturally.  Steelhead from these releases are not intended to spawn 
naturally.  Estimates of the proportion of LFH summer steelhead in the Touchet River 
basin above the Dayton Acclimation Pond have been up to 20 percent and has averaged 
over 10 percent in recent years (WDFW 2003b).  In the Walla Walla River basin, 
estimates from fish trapped at the Yellowhawk Creek (tributary to Mill Creek) ranged 
from 0 up to 60 percent, though total number sampled was generally less than 15 adults.
In the South Fork Walla Walla River in Oregon, above the release site for Walla Walla 
River summer steelhead, the percent of hatchery summer steelhead sampled at the 
Nursery Bridge Trap has averaged less than 5 percent (WDFW 2003b).  

The observed levels of hatchery summer steelhead in the upper Touchet Basin was the 
impetus for proposing changing the program to an endemic broodstock program.  This 
endemic broodstock program has been initiated and will be addressed in a separate 
consultation.  As a result of this endemic broodstock program and the better-than-
expected smolt-to-adult survival for LFH hatchery summer steelhead, releases into the 
Touchet River basin from the LFH program have been reduced from 125,000 to 85,000 
smolts beginning in 2004.  A similar reduction in release numbers has been implemented 
in the Walla Walla River basin, where current releases are 100,000 smolts, down from 
170,000 in previous years.  The 1999 Conservation Recommendation has been partially 
addressed with the development of an endemic stock program in the Touchet River basin.  

Other measures that have been implemented to minimize the potential for introgression 
include the elimination of releases into Mill Creek on the Walla Walla River, and 
continued acclimation of LFH summer steelhead releases in the Touchet River at the 
Dayton Acclimation Pond.  Both of these release locations are downstream of the primary 
spawning and rearing areas for naturally produced summer steelhead.  All production of 
LFH summer steelhead are adipose fin-clipped to allow for selective fisheries in the 
Walla Walla River mainstem and in tributary recreational fisheries and this should reduce 
the number of hatchery summer steelhead that spawn naturally.  A Fisheries Management 
and Evaluation Plan has been submitted to NMFS for approval under the 4(d) rule and 
impacts on natural-origin steelhead from the selective fisheries targeting returning 
hatchery steelhead along with other fisheries in the basin (trout, warmwater), are 
expected to be low (estimated to be 20 adults annually (WDFW 2003b)).  Improvements 
to the fish ladder and trap at the Dayton Diversion Dam are being completed and will 
improve monitoring and evaluation activities, broodstock collection (endemic program), 
and the removal of LFH summer steelhead from the population.  This will reduce the 
potential for genetic introgression.  An adult trap in Coppei Creek will be operated to 
determine the composition of adults returning to this tributary.  Redds have been 
observed in this subbasin which enters the Touchet River below the Dayton Acclimation 
Pond release site.  It is unknown if LFH summer steelhead enter this tributary.

Genetic sampling of adult and juvenile steelhead populations within the basin has been 
proposed as part of a separate consultation, and the results of the analysis will assist in 
determining if the LFH summer steelhead have genetically introgressed with the listed 
summer steelhead populations.  In 1999-2002, genetic samples were collected in the 
Touchet River and at other locations in the Walla Walla River Basin to determine if 
genetic differences still existed between the natural and hatchery summer steelhead in the 
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basin.  The results of the analysis indicated that the natural-origin summer steelhead in 
the Touchet River are different genetically from the Lyons Ferry hatchery summer 
steelhead (Bumgarner et al. 2003).  Future monitoring will provide data that could be 
used in designing future actions to ensure that the natural-origin populations retain their 
genetic integrity.  The reduction in juvenile releases of LFH summer steelhead has 
reduced impacts on listed summer steelhead, but NMFS continues to support the current 
efforts to phase-out all releases of the non-ESU LFH summer steelhead in the Walla 
Walla River Basin.  Doing this will further reduce the potential for genetic introgression 
and still provide summer steelhead for fisheries to meet mitigation goals. 

Table 21 provides a summary of the possible impacts from genetic introgrossion, and the 
measures taken to minimize the possible impacts from hatchery fish spawning naturally 
with listed salmon and steelhead. 

4.2.4 Disease

At the LWS NFH Complex, Carson, Eagle Creek, and Spring Creek NFHs, disease is 
managed under the guidance of the USFWS Lower Columbia River Fish Health Center 
(LCRFHC), who follow the USFWS’ fish health policy (USFWS 1995; 2004j) and 
Integrated Hatchery Operations Team (IHOT 1995) protocols to produce healthy fish and 
prevent disease transmission (see sections 9.1.6 and 9.2.7 of the HGMPs).  Most 
pathogens enter hatcheries through returning adult fish, surface water supplies, and other 
mechanisms involving direct contact with naturally spawning fish.  Procedures used at 
the hatcheries and the LCRFHC reduce pathogen transmission from these sources.  The 
fish health goal for these hatcheries is to release healthy fish that are physiologically 
ready to migrate.  At the time of release, the fish are relatively disease-free. Outbreaks of 
bacterial coldwater disease, more commonly seen in coho salmon compared to other 
species of Pacific salmon, and were routinely treated with antibiotics and resolved well 
before the time of release from Willard NFH.  

The Spring Creek NFH tule fall Chinook salmon are healthy with low to no incidence of 
the regulated and reportable pathogens that plague other hatcheries (Fish Health 
Inspection Reports, 1982 to present, Lower Columbia River Fish Health Center).  Adults 
return with a minor incidence of virus and bacteria so there is little or no vertical 
transmission of these pathogens to their offspring.  Juvenile fish can be affected by 
pathogens carried by animals coming into the hatchery from the Columbia River or in the 
spring water source so their infections generally evolve from environmental pathogens 
external to the hatchery.  
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Table 21.  Summary of impacts from Genetic Introgression, and the measures taken by 
the hatchery programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, the program has been 
terminated. 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, there are no natural-origin 
populations present, trap in Hood River removes 
stray hatchery spring Chinook salmon, all 
production marked. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

May negatively impact,  naturally spawning 
program fall Chinook salmon, temporally 
separated spawning times, changes in ladder 
operation, tribal fisheries, and monitoring and 
evaluation activities, all production marked. 

Carson NFH Spring Chinook 
Salmon  

No impact expected, no natural-origin spring 
Chinook salmon population in basin, all 
production marked, program strays not a concern. 

Spring Creek NFH Tule Fall 
Chinook Salmon

May negatively impact, naturally spawning 
hatchery tule fall Chinook salmon, hatchery 
origin from local population, all production 
marked, genetic analysis of naturally spawning 
population in White Salmon River, monitoring 
and evaluation activities.

Eagle Creek NFH Coho Salmon May negatively impact, naturally spawning 
hatchery coho salmon in Eagle Creek, separated 
temporally and spatially from natural-origin 
population, program releases substantially 
reduced, all production marked, genetic analysis 
of naturally spawning population being 
conducted, monitoring and evaluation activities. 

Eagle Creek NFH Winter Steelhead May negatively impact, naturally spawning 
hatchery steelhead in Eagle Creek, separated 
temporally and spatially from natural-origin 
population, all production marked, genetic 
analysis of naturally spawning population being 
conducted, monitoring and evaluation activities. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

No impact expected, Deschutes River spring  are 
not listed, program removes hatchery steelhead 
creating natural-origin steelhead refuge in upper 
basin.

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

May negatively impact, naturally spawning 
hatchery summer steelhead, all production 
marked, change in release locations away from 
natural spawning areas, acclimation at Dayton 
Acclimation Pond, program releases reduced, 
removal of hatchery steelhead at weirs, 
monitoring and evaluation activities. 
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Eagle Creek NFH has improved management techniques resulting in healthy coho 
salmon and steelhead.  Over the years, lowered rearing densities have successfully 
reduced disease.  Other factors also contribute to the general good health of the Eagle 
Creek stocks.  A natural barrier waterfall safeguards the hatchery water supply from 
straying anadromous fish and the hatchery is located on a creek that encourages well-
timed (and locally-adapted) runs, both important towards preventing disease 
transmission.  Additionally, during their migrations from and to the hatchery, the Eagle 
Creek stocks apparently avoid some of the interactions or environmental conditions that 
induce post-hatchery infections (Traxler et al. 1997).  The Eagle Creek steelhead adults 
have returned only twice with the infectious hematopoietic necrosis virus (1966 and 
1988) in the history of the hatchery.  Careful disinfection of the eggs and the fact that no 
anadromous fish or infected native fish reside in the water supply serve to prevent 
infection of the susceptible juveniles.  Coho salmon adults return with no virus and low 
levels of two bacterial pathogens so there is little or no vertical transmission of disease 
agents to pass onto their offspring (Fish Health Inspection Reports, 1970 to present, 
USFWS Lower Columbia River Fish Health Center).  Juvenile fish are affected by 
coldwater disease which is caused by naturally occurring water-borne bacteria, but this 
has been largely controlled by the adoption of reduced fish densities and improvements in 
egg incubation.  If necessary, antibiotic treatments are used to control outbreaks of this 
disease, but the last treatment occurred in 1999 and recent infections have been managed 
through good husbandry and warming summer water temperatures.  Other 
environmentally-induced pathogens, such as parasites, result in rare losses and have been 
easily controlled when they occurred.

In addition, the fish released from Spring Creek, the LWS NFH Complex, and Carson 
NFHs pass only one dam (Bonneville Dam), and the Warm Springs NFH two dams, en 
route to the ocean, and therefore have a reduced potential for transmission of disease 
between other populations relative to upriver programs which are subjected to the high 
density impacts and stresses of collection for transport and/or diversion through multiple 
bypass systems.  Eagle Creek NFH releases fish into the Clackamas River watershed, 
which is part of the Willamette River system entering the Columbia River below 
Bonneville Dam. 

At the Warm Springs NFH, BKD is the primary concern, all spring Chinook salmon held 
for broodstock are injected with erythromycin to prevent pre-spawning mortality from 
BKD and to reduce vertical transmission of its causative agent to their progeny.  At 
spawning, tissues from adult fish are collected to ascertain viral, bacterial, and parasitic 
infections and to provide a brood health profile.  Personnel from the LCRFHC test for the 
parasite Ceratomyxa shasta and the listed pathogens as defined by USFWS Fish Health 
Guidelines (USFWS 1995; 2004j).  All broodstock are tested and assayed for BKD and 
virus.  If levels of BKD exceed prescribed standards, the progeny from the infected 
broodstock are either culled or kept segregated during rearing.  Sanitation procedures 
meet or exceed the minimum guidelines set forth in the IHOT report (1995).  

The Walla Walla River basin program releases summer steelhead reared at LFH.
Hatchery operations can potentially amplify and concentrate fish pathogens that could 
affect listed steelhead, and bull trout.  Because the hatchery produced summer steelhead 
are reared entirely at LFH, disease impacts from this stock on Touchet or Walla Walla 
River salmonids are minimized by preventing diseased steelhead releases from LFH.  
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LFH is supplied with constant temperature well water; as a result disease occurrence and 
the presence of pathogens and parasites are infrequent.  When infestations or infections 
have occurred, they have been effectively treated.  Further evidence for the relative 
disease-free status of this stock at Lyons Ferry is the low mortality that occurs during 
rearing.  No transfers of steelhead juveniles with known clinical infections or infestations 
have been made to the Touchet or Walla Walla Rivers from LFH.  

Returning adult steelhead held for spawning at the LFH adult trap potentially create a 
concentrated source of pathogens and parasites.  There is no risk posed to natural MCR 
steelhead and bull trout by these fish because LFH is in the Snake River basin, outside 
the MCR steelhead ESU.  Documentation of the disease status of the adult steelhead 
stocks is accomplished through annual fish health examinations of both spawning adults 
and pre-spawning mortality.  Results of these examinations over the past years indicate a 
low prevalence and incidence of serious fish pathogens and parasites in these stocks.  For 
the LFH Stock program described here, the viral pathogen IHNV has been most 
prevalent.  Procedures described in the LFH HGMP for this viral disease limit the 
possibilities of outbreaks in the hatchery. 

Table 22 provides a summary of the possible impacts from disease, and the measures 
taken to minimize the possible impacts from disease transmission to listed salmon and 
steelhead from program hatchery fish. 

4.2.5 Competition/Density-Dependence 

Adult Interactions:  As described above in the general risks section 4.1.5, competition can 
include interactions between adults on the spawning grounds.  The result of such 
interactions when species use the same habitat but spawn at different times leads to what 
is called redd superimposition.  This is a concern because LWS NFH URB fall Chinook 
salmon are known to spawn naturally in the local tributaries of the Wind and White 
Salmon Rivers.  CWT recoveries from LWS NFH URB fall Chinook salmon have been 
recovered in annual spawning ground surveys and URB fall Chinook salmon have been 
colonizing these local tributaries since the mid 1980s (Harlan 1999; 2004).  LWS NFH 
URB fall Chinook salmon spawn timing tends to be later than LCR tule fall Chinook 
salmon populations leading to redd superimposition.  This can have adverse impacts on 
tule fall Chinook salmon because natural spawning habitat is limited for the upper gorge 
and White Salmon River populations due to inundation by Bonneville Dam and blockage 
by Condit Dam.  The actual level of impact is unknown, furthermore it is unknown if the 
level of straying of URB fall Chinook salmon into the natural areas is influence by 
hatchery operations (i.e., operation of the ladder entering the hatchery).
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Table 22.  Summary of impacts from Disease, and the measures taken by the hatchery 
programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, managed under the guidance 
of the USFWS Lower Columbia River Fish 
Health Center (LCRFHC), USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols.

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols.

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols.

Carson NFH Spring Chinook 
Salmon  

No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols.

Spring Creek NFH Tule Fall 
Chinook Salmon

No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols.

Eagle Creek NFH Coho Salmon No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols, lower densities, and water source. 

Eagle Creek NFH Winter Steelhead No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols, lower densities, and water source. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

No impact expected, managed under the guidance 
of the USFWS LCRFHC, USFWS’ fish health 
policy, and Integrated Hatchery Operations Team 
protocols, broodstock treated with antibiotic and 
sampled for BKD, those exceeding criteria are 
culled.

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

No impact expected, managed under Integrated 
Hatchery Operations Team protocols, rearing 
occurs outside basin, well water used for rearing, 
no transfers of diseased fish. 

Ladder operation at the LWS NFH Complex for brood stock collection of URB fall 
Chinook salmon and coho salmon starts in late September and continues through mid-
November.  Fall Chinook salmon usually navigate the hatchery ladder from early-
October until mid-November.  During periods of brood stock collection for either species, 
the hatchery ladder is open until maximum densities in two 30' X 90' X 6' holding ponds 
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is achieved (USFWS 2004c).  After maximum densities are met in the holding ponds, the 
ladder is closed until excess fish are randomly removed from the ponds or fish are 
removed for spawning.  The ladder is reopened to continue collecting adults from the full 
spectrum of the return.  Generally, the hatchery ladder is closed by mid-November, which 
coincides with the end of the upriver bright fall Chinook salmon return.  It is during the 
periods when the ladder is closed that staying of URB fall Chinook salmon into the 
adjacent streams may increase.  In 2000, the adult ladder and holding ponds were 
modified to their present capacity, prior to this time surplus URB fall Chinook salmon 
were processed as they entered the adult holding pond and ladder closures were kept to a 
minimum.  Since the modifications, the ladder has been operated with limited openings.  
To determine if the ladder operation increases straying, USFWS is conducting a 
monitoring and evaluation program to address this issue.  This research is coordinated 
with a similar evaluation at Spring Creek NFH. 

Preliminary data from this research and the continued monitoring of naturally spawning 
fall Chinook salmon in the tributaries above Bonneville Dam has indicated that redd 
superimposition maybe adversely affecting LCR tule fall Chinook salmon.  The research 
will continue in 2006 to evaluate modified operations at the ladder.  During the first year 
of the evaluation, the USFWS has observed that LWS NFH URB fall Chinook salmon 
tend to move out of Drano Lake and away from the Little White Salmon NFH around the 
third week in October and were then observed straying into other Bonneville Pool 
tributaries (Engle, et al. 2005).  During the 2005 broodstock operations the ladder was 
operated periodically to collect broodstock from September to October 18, and then the 
ladder remained open for collection and removal of hatchery URB fall Chinook salmon, 
similar to operations that occurred prior to 2001 (R. Engle, USFWS, personal 
communication, April 10, 2006).  The USFWS is finalizing a report comparing the past 
ladder operations (pre 2001-- ladder open all the time; 2001-2004 – minimal openings), 
and the 2005 operations.  Based on these results, USFWS will consult with NMFS on 
future ladder operations.

Continued CWT marking will also assist in determining if LWS NFH fall Chinook 
salmon are spawning naturally in areas below Bonneville Dam, where redd 
superimposition is also a concern.  One factor that may ameliorate the effects of redd 
superimposition is the fact that a large percentage of the redds are likely from Spring 
Creek NFH tule Chinook salmon and these remain abundant.  Habitat in these tributaries 
may not be able to support a self-sustaining naturally produced population, though 
naturally produced fall Chinook salmon are present on the spawning grounds (see Figure 
4).  Genetic sampling proposed in the Spring Creek NFH fall Chinook salmon program 
will determine the level of introgression between the naturally spawning population and 
the Spring Creek NFH fall Chinook salmon stock. 

Juvenile Interactions:  The management goal for all releases from the LWS NFH 
Complex is to release hatchery smolts that are physiologically ready to migrate.  There 
have been no mortalities recorded during saltwater challenges conducted during the last 
three brood years.  Released fish have been fully smolted and begin their downstream 
migration immediately following release.  In addition, blood plasma collected from brood 
year 1995 spring Chinook salmon was analyzed for sodium and potassium 
concentrations.  Those results also indicated that the spring Chinook salmon are 
functional smolts at time of release.  Because LWS NFH Complex releases move quickly 
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to the ocean because they are fully smolted and because the release occurs “low” in the 
Columbia Basin system relative to many other upriver programs, there is reduced 
opportunity for competitive interactions. 

Other observations leading to conclusions regarding the behavior of released smolts 
included physiological and survival data collected during recent NATURES rearing 
studies conducted for spring Chinook salmon and coho salmon at LWS NFH Complex.  
Researchers from the Biological Resources Division of the U.S. Geological Survey 
collected data over several broodyears to evaluate the use of cover (simulating natural 
riparian cover) during hatchery rearing to improve the post-release survival of hatchery-
reared salmon and to alter their behavior to more closely match wild (naturally produced) 
fish.  As part of this study, hatchery-reared fish were exposed to predators six months 
prior to release in an attempt to “teach” them to avoid predators following release (S. 
Doulos, personal communication, January 20, 2005).  As many as six northern 
pikeminnow were placed in each of three raceways as part of this predator avoidance 
study.  Preliminary physiological and survival data collected to date for both studies 
indicate that, although there were no differences detected among treatment groups when 
compared to control groups, the behavior of hatchery-produced fish from the LWS NFH 
Complex appears to be normal when compared to naturally produced fish.  The potential 
for competition from LWS NFH Complex fish will be further reduced due to the 
elimination of coho salmon releases in 2004.  

As with the LWS NFH Complex, the goal of the Carson NFH program is to release 
hatchery smolts that are physiologically ready to migrate, which is expected to minimize 
competitive interactions, as the fish should quickly migrate from the release site.  Carson 
NFH spring Chinook salmon are released into the Wind River at the hatchery site and 
migrate quickly into the main stem Columbia River migration corridor, based on juvenile 
out-migrant trapping and PIT tag monitoring at Bonneville Dam.  The majority of the 
releases pass a screw trap in the lower Wind River within three days, then trickle out over 
the next three weeks (USFWS 2004i).  In 2002, PIT tag detections at Bonneville Dam 
recorded that 25 percent of the tags passed in 4 days, 50 percent in 10 days and 75 
percent in 16 days (USFWS 2004i).  Carson spring Chinook salmon releases occur “low” 
in the Columbia Basin system relative to many other upriver programs, reducing 
opportunity for competitive interactions.

The Spring Creek NFH tule fall Chinook salmon production goal is to release hatchery 
smolts that are physiologically ready to migrate and this is expected to minimize 
competitive interactions as they should quickly migrate from the release site.  Spring 
Creek NFH fish are released directly into the mainstem Columbia River migration 
corridor rather than into tributary spawning or rearing areas.  Based on Bonneville Dam 
sampling of juveniles, Spring Creek NFH fish appear to emigrate rapidly, reducing the 
potential for competitive interactions with listed fish.  Spring Creek tule fall Chinook 
salmon smolts averaged 11.2 days (range 5.4 – 23.8) migration time to the Columbia 
River estuary and residence time in the estuary was 3-4 days in 1968-1970 (Dawley et al.
1986).  This provides further evidence of that there is a short amount of time for potential 
interactions with wild fish. 

Spring Creek NFH has a large production program (15.3 million smolt release) relative to 
other Columbia River production programs.  The Spring Creek facility is operated under 
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a strategy that releases smolts during three time periods: March, April, and May.  This 
release strategy maximizes production from available rearing space.  The three-release 
strategy also likely reduces potential competition/density dependent effects, as well as 
other potential ecological effects, at least in the mainstem corridor and estuary, relative to 
a single large release.  Approximately one-half of the total production is typically 
released in March, with the remaining production split approximately equally between 
April and May releases.  The March release occurs before the general out-migration of 
most other natural and hatchery stocks begins, reducing potential density dependent 
effects as well as other potential ecological effects such as competition, predation, and 
disease transmission.  Splitting the rest into the April and May releases reduces the 
potential for adverse interactions on a particular component of the natural out-migration 
that may be emigrating from the Columbia River system at the same time as Spring 
Creek NFH releases. 

Eagle Creek NFH production is typically released in March, April, and May under a 
volitional release strategy.  Volitionally released fish, with a propensity to migrate, 
should reduce the potential for competition as the fish emigrate quickly out of the system.
Because Eagle Creek NFH releases occur “low” in the Columbia Basin system relative to 
many other upriver programs, there is reduced opportunity for competitive interactions.  
Releases are complete by the first week of May, which is prior to peak passage for 
outmigrating juvenile UWR spring Chinook salmon counted at the North Fork Dam on 
the Clackamas River (Hagel and Bullock 1999), limiting the potential for interaction in 
the lower Clackamas and Willamette Rivers.  For winter steelhead releases, the size of 
the fish at release is also an important factor to consider.  The target release size from the 
hatchery was determined through previous consultations with NMFS and ODFW.  It was 
determined that hatchery steelhead released at 5 to 6 fish/lb., between 180mm and 
250mm, would promote the most effective smolt that would migrate quickly downstream 
to the ocean.  This release size was thought to minimize impacts on resident fish and 
maximize survival of hatchery fish.  Promoting fish growth to this size at release does, 
however, produce a hatchery fish larger than their wild counterpart.  As previously stated 
in Section 3.2.1, the mean length of naturally produced steelhead smolts was 158mm and 
156mm fork length (FL) in 1999 and 2000, respectively, whereas the hatchery release 
goal is between 180mm and 250mm.  McMichael et al. (1999) observed behavioral 
interactions between hatchery and wild steelhead in tributaries of the Yakima River, 
Washington, where the larger hatchery steelhead appeared to be at a competitive 
advantage.  Proposed research activities to monitor juvenile steelhead out migration and 
hatchery-wild interactions will provide valuable information on the behavior, the timing 
of emigration, and the level of residualism of steelhead and coho salmon released from 
Eagle Creek NFH.  The results of this investigation would help managers balance the 
need to maximize survival of hatchery fish, minimize the time hatchery fish spend in the 
stream, and minimize negative interactions between hatchery smolts with their wild 
cohorts.

The fall release of spring Chinook salmon from the Warm Springs NFH has the greatest 
potential for competition between hatchery spring Chinook salmon and listed summer 
steelhead in the lower Warm Springs River and the mainstem Deschutes River.  The 
current production goal is to annually release 750,000 spring Chinook salmon smolts into 
the Warm Springs River.  Approximately 10 percent of the hatchery production is 
volitionally released as sub-yearlings in the fall, from early October to late November.  
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The fall volitional release of age 0+ fish from the hatchery mimics one component of the 
wild fish juvenile migration pattern from the Warm Springs River.  Movement of wild 
juvenile spring Chinook salmon out of the Warm Springs River is split into a fall and 
spring migration period (Lindsay et al. 1989; Olson et al. 1995).  The remaining 90 
percent of hatchery fish are released as yearlings in the spring, from late March through 
April.

The goal of Warm Springs NFH is to release functional smolts that quickly migrate to the 
ocean.  Most fish released in the spring reach the estuary within three to four weeks 
(Olson et al. 1995).  The behavior of fish released in the fall is not clear.  Scale analysis 
of adult returns indicated that most fall-released fish that survived to adulthood over-
wintered in freshwater before migrating to the ocean the following spring (D. Olson, 
USFWS, personal communication, September 2004).  A pilot study by the United States 
Geological Survey (USGS) in 2000 used radio telemetry techniques to investigate the 
migration behavior of juvenile hatchery spring Chinook salmon released from Warm 
Springs NFH in the fall (Wardell et al. 2002).  Results of the study showed that 65 
percent of the radio tagged hatchery fish that were released in late October remained in 
the Deschutes River until the study ended in January.  Based on the telemetry data and 
estimates of the total number of hatchery fish released during the fall period, the USGS 
estimated that between 19,500 and 48,750 juvenile hatchery spring Chinook salmon from 
Warm Springs NFH remained in the Deschutes River during the fall of 2000 (Wardell et
al. 2002).  The USFWS and USGS continue to study the migration behavior of fall-
released fish.  Interactions and competition between juvenile spring Chinook salmon and 
listed steelhead should be minimized because juvenile steelhead and spring Chinook 
salmon evolved sympatrically to use different instream habitat (see discussion above).   

Releases of LFH summer steelhead into the Walla Walla and Touchet Rivers are at sizes 
and condition that support rapid downstream migration.  Releases of LFH summer 
steelhead occurs in the lower basins of the Walla Walla and Touchet Rivers in areas 
below the primary production areas for listed MCR steelhead, limiting the potential for 
competition.  However, not all summer steelhead releases out migrate but residualize, 
contributing to the potential for adverse interactions with listed steelhead (see residualism 
discussion below). 

Table 23 provides a summary of the possible impacts from competition/density-
dependence, and the measures taken to minimize the possible impacts from competition 
between hatchery and listed salmon and steelhead. 
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Table 23.  Summary of impacts from Competition/Density-Dependence effects, and the 
measures taken by the hatchery programs to minimize these impacts. 

Program 
Impacts and Measures  

Little White Salmon/Willard 
NFH Complex Coho 
Salmon 

May impact, releasing smolts that actively migrate, releases in 
areas not used for rearing, smolts emigrate quickly from the 
release site,  releases low in Columbia River basin, program 
has been terminated. 

Little White Salmon/Willard 
NFH Complex Spring 
Chinook Salmon

May impact, releasing smolts that actively migrate, releases in 
areas not used for rearing, smolts emigrate quickly from the 
release site, releases low in Columbia River basin. 

Little White Salmon/Willard 
NFH Complex Upriver 
Bright Fall Chinook Salmon

May negatively impact, from redd superimposition, evaluating 
broodstock trapping, and ladder operations, coded-wire 
tagging representative sample of production, all fish marked, 
spawning ground surveys, monitoring and evaluation 
activities.  Release smolts that actively migrate, releases in 
areas not used for rearing, smolts emigrate quickly from the 
release site, releases low in Columbia River basin. 

Carson NFH Spring 
Chinook Salmon

May impact, volitionally releasing smolts that actively 
migrate, smolts emigrate quickly from the release site, releases 
low in Columbia River basin. 

Spring Creek NFH Tule Fall 
Chinook Salmon

May negatively impact, from competition for limited spawning 
habitat, coded-wire tagging representative sample of 
production, all fish marked, spawning ground surveys, genetic 
analysis of spawners, monitoring and evaluation activities.
Juveniles released prior to main migration period, juveniles 
ready to actively emigrate, three release groups, released into 
mainstem Columbia River. 

Eagle Creek NFH Coho 
Salmon 

May negatively impact, from interactions, volitionally release 
smolts that actively migrate, smolts emigrate quickly from the 
release site, release occurs before peak natural-origin 
migration, releases low in Columbia River basin, monitoring 
and evaluation activities. 

Eagle Creek NFH Winter 
Steelhead

May negatively impact, from interactions, volitionally release 
smolts that actively migrate, smolts emigrate quickly from the 
release site, smolts within size criteria, releases low in 
Columbia River basin, monitoring and evaluation activities. 

Warm Springs NFH Warm 
Springs River Spring 
Chinook Salmon

May impact, from interactions from fall releases, 10 percent of 
production emigrates in fall, mimics natural-origin population 
life history, volitionally release smolts in spring that actively 
emigrate from basin, monitoring and evaluation activities. 

Walla Walla River Summer 
Steelhead – Lyons Ferry 
Hatchery Stock 

May impact, from interactions, volitionally release smolts that 
actively migrate, smolts emigrate quickly from the release site, 
smolts within size criteria, releases low in Touchet and Walla 
Walla basins, below natural production areas, monitoring and 
evaluation activities. 
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4.2.6 Predation

Predation impacts from LWS NFH Complex juvenile releases are limited to the area 
below the LWS NFH Complex because anadromous fish do not have access to the habitat 
between the Willard facility and the LWS NHF.  Predation impacts would therefore be 
limited to the migration corridor where effects are likely to be reduced relative to 
spawning and rearing areas.  For example, peak emergence of listed chum salmon at Ives 
Island area below Bonneville Dam, was estimated to occur during the latter half of March 
in 1999 (2/19/99 fax to Donna Allard (USFWS) from Wayne van der Naald, ODFW).  
Out-migrant sampling conducted by the USFWS in 1998 and 1999 in Hardy Creek, 
which is adjacent to the mainstem Ives Island natural chum salmon production area, 
indicated that peak emigration of chum salmon fry from this tributary occurred during the 
first two weeks of March (unpublished data). Based on life history traits, it is expected 
that most of the chum salmon fry would have emigrated from the natural production area 
before the mid-April releases of larger hatchery coho salmon and spring Chinook salmon 
occurs at the LWS NFH Complex.  The potential for the LWS NFH Complex smolts to 
prey on emerging chum salmon fry would not be expected to trigger concerns, and will 
be further reduced by the elimination of coho salmon releases from the LWS NFH 
Complex.  The mid-June release date for URB fall Chinook salmon from the LWS NFH 
Complex and the small size (90 fish/lb) would preclude predation on other salmonids in 
the lower Columbia River.  

There is little potential for Carson NFH spring Chinook salmon to prey on natural 
steelhead fry or parr in the Wind River.  Based on the time of spawning, steelhead fry 
would be emerging from the gravel after Carson NFH Chinook salmon had exited the 
river.  Primary spawning and early rearing (egg to parr) areas for naturally produced 
Wind River steelhead are located in the tributaries and the upper basin above the Carson 
NFH.  However, the life history rearing stage for age-1 parr to age-2 smolt does occur 
primarily in the Wind River below the hatchery.  Parr move into the area as steelhead 
smolts emigrate.  Age-1 parr typically range in size from 80-100mm and age-2 smolts 
from 140-200mm, so neither life history stage would be at a size susceptible to Carson 
NFH spring Chinook salmon predation.  Emigrant sampling conducted by WDFW 
indicates that steelhead smolts/pre-smolts are not drawn out of the Wind River system 
early by release of Carson NFH spring Chinook salmon (Pied Piper effect) (D. Rawding, 
WDFW, personal communication, September 2004).  Available data indicate that Carson 
NFH spring Chinook salmon smolts exit the Wind River very quickly and that potential 
negative impacts on listed steelhead within the basin are likely to be negligible.
Furthermore, the major reduction in the number of Carson NFH smolts released has 
further reduce any potential impacts relative to past practices. 

Carson NFH spring Chinook salmon are released around the third week in April and 
migrate quickly out of the Wind River basin and past Bonneville Dam both of these 
factors are expected to reduce the potential for spring Chinook salmon smolts to prey on 
naturally produced fall Chinook salmon in the lower Wind River. 

Spring Creek NFH fall Chinook salmon releases are also targeted for a release of various 
sizes depending on the release date.  The March released fall Chinook salmon averaged 
120 fish/lb, April release have averaged 70 fish/lb and the May release averaged 42 
fish/lb.  Spring Creek NFH tule fall Chinook salmon released in March may have the 
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potential to prey on listed chum salmon that would be emerging from the gravel in 
natural production areas below Bonneville Dam during that time frame.  Only minor 
impacts on the listed chum salmon population in the natural production area immediately 
below Bonneville Dam are expected because juvenile sampling at Bonneville Dam and in 
the natural production area below Bonneville Dam indicates that Spring Creek NFH 
smolts released in March move rapidly through the area.  In addition, the emerging chum 
salmon fry are generally larger than what would be preyed upon by Spring Creek NFH 
smolts released in March, which are generally about two times the length of the chum 
salmon fry rather than three times their length.  It is expected that most of the chum 
salmon fry would have emigrated from the natural production area before the April 
release of larger Spring Creek NFH tule fall Chinook salmon occurs, further reducing the 
potential for impacts.  Spring Creek NFH tule fall Chinook salmon smolts averaged 11.2 
days (range 5.4 – 23.8) migration time to the Columbia River Estuary and residence time 
in the estuary was 3-4 days in 1968-1970 (Dawley et al. 1986).  This provides further 
evidence of that there is a short amount of time for potential interactions with natural-
origin, listed fish. 

Juvenile coho salmon and steelhead released from Eagle Creek NFH could potentially 
prey on other juvenile steelhead, coho salmon, Chinook salmon, rainbow or cutthroat 
trout fry in Eagle Creek and the lower Clackamas River.  Two factors should minimize 
this predation potential: (1) the primary spawning and rearing areas for listed natural 
spring Chinook salmon and steelhead populations of Clackamas River are in the upper 
Clackamas River basin, reducing the potential for substantial impacts on listed species, 
and (2) the release of hatchery smolts that are physiologically ready to migrate is 
expected to minimize predator-prey interactions in Eagle Creek and the lower Clackamas 
River, as they should quickly migrate from the release site to the ocean. 

Depending on species and population, hatchery smolts are often released at a size that is 
greater than their naturally-produced counterparts, which is true for Eagle Creek NFH 
releases.  In addition, for species that typically smolt at one year of age or older (e.g., 
steelhead, spring Chinook salmon), hatchery-origin smolts may displace younger year 
classes of naturally produced fish from their territorial feeding areas.  Both factors could 
lead to predation by hatchery fish on naturally produced fish, but these effects have not 
been extensively documented, nor are the impacts consistent (Steward and Bjornn 1990).

It is assumed that Eagle Creek NFH (like most hatcheries) facilitates faster growth than 
the stream rearing environment resulting in larger smolts compared to natural migrants.  
Data on natural migrants from the North Fork of Eagle Creek supports this.  Lumianski 
(1999) reported that naturally produced juvenile coho salmon captured in the North Fork 
of Eagle Creek averaged 111mm for smolts and 63 mm for juvenile migrants (about 35 
and 185 fish per lb, respectively; from Piper et al. 1982, Table I-5).  Hatchery coho 
salmon smolts released from Eagle Creek NFH are averaging 12 fish per pound.  The 
length of the coho salmon and steelhead releases are between 180mm and 250mm, using 
the 1/3 rule, fish at the upper end are within the size range supporting predation on the 
smallest juvenile migrants coming out of the North Fork of Eagle Creek.  It is not 
expected that predation would be substantial due to the timing of release, releasing 
actively migrating smolts and the tendency for hatchery smolts to be ineffective in 
capturing natural prey (Sosiak et al. 1979; Bachman 1984; Olla et al. 1998). 
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The goal of Warm Springs NFH is to release functional smolts that quickly migrate to the 
ocean.  Most fish released in the spring reach the estuary within three to four weeks 
(Olson et al. 1995).  This rapid out migration will reduce the potential for hatchery spring 
Chinook salmon to prey on listed steelhead.  The behavior of fish released in the fall is 
not clear.  Because these fish rear longer in the Deschutes River, there is the potential for 
predation on juvenile steelhead, though the size of the fall release averages about 136mm, 
which would limit the potential impacts on parr summer steelhead in the lower Warm 
Springs River and the Deschutes River mainstem.  Spring Chinook salmon smolt out 
migration occurs at the same time as summer steelhead spawning limiting the potential 
for Chinook salmon to prey on summer steelhead fry. 

Releases of LFH summer steelhead into the Walla Walla and Touchet Rivers are at sizes 
and condition that support rapid downstream migration.  Releases of LFH summer 
steelhead occurs in the lower basins of the Walla Walla and Touchet Rivers in areas 
below the primary production areas for listed MCR steelhead.  Relative size differential 
of proposed hatchery steelhead smolts (210 mm and 4.5 fish/lb.) compared to spring 
Chinook salmon smolts (90-110 mm) and wild steelhead smolts (130-200 mm) should 
preclude any substantial predator/prey interaction among migrating fish.  Fall Chinook 
salmon (35-95 mm) could be consumed by hatchery steelhead.  However, the lower 
Walla Walla and Touchet Rivers are not important production areas for spring and fall 
Chinook salmon due to poor habitat conditions, and potential impacts from predation 
would be negligible. 

Timing of hatchery steelhead smolt releases in the Touchet and Walla Walla Rivers (mid-
April) and the limited distribution of naturally produced steelhead fry in the lower 
mainstem Touchet and Walla Walla migration corridors limits the potential for predation.
Impacts are limited because hatchery releases and smolt out migration are spatially and 
temporally isolated from the natural production areas.  

Actively migrating steelhead are spatially separated and less likely to prey on fry as their 
preferred habitat is the thalweg and near the surface away from the fry and subyearling 
habitat (Bell 1984, Dawley et al. 1986).  However, steelhead smolts that residualize in the 
areas of fry production will have greater impacts due to their active pursuit of prey items 
for survival.  Bjornn and Reiser (1991) reviewed literature on habitat preferences of 
juvenile salmonids and concluded that newly emerged fry prefer shallow areas of low 
velocity (<10 cm/s) and larger fish occupy deeper and faster areas. Partitioning of habitat 
by fry (bull trout or steelhead) and the steelhead smolts minimizes direct interaction 
between them.

Table 24 provides a summary of the possible impacts from predation, and the measures 
taken to minimize the possible impacts from the predation of listed salmon and steelhead 
by program hatchery fish. 
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Table 24.  Summary of impacts from Predation and the measures taken by the hatchery 
programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, timing and location of 
releases, releasing actively migrating smolts.  

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, timing and location of 
releases, releasing actively migrating smolts. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, timing and location of 
releases, size at release, releasing actively 
migrating smolts. 

Carson NFH Spring Chinook 
Salmon  

May impact, timing and location of releases, 
releasing actively migrating smolts. 

Spring Creek NFH Tule Fall 
Chinook Salmon

No impact expected, timing and location of 
releases, size at release, releasing actively 
migrating smolts. 

Eagle Creek NFH Coho Salmon May impact, timing and location of releases, 
releasing actively migrating smolts, monitoring 
and evaluation activities. 

Eagle Creek NFH Winter Steelhead May impact, timing and location of releases, size 
at release, releasing actively migrating smolts, 
monitoring and evaluation activities. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

May impact, timing and location of releases, size 
at release, releasing actively migrating smolts, 
monitoring and evaluation activities. 

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

May impact, timing and location of releases, size 
at release, releasing actively migrating smolts, 
monitoring and evaluation activities. 

4.2.7 Residualism

Willard NFH coho salmon releases are not known to residualize in the Little White 
Salmon River.  Even if Willard coho salmon do residualize there would be no impact on 
listed anadromous species because the hatchery is above natural barriers to anadromous 
fish.  Note too, that releases of coho salmon from Willard ended in 2004, though release 
may occur in the future. 

Carson NFH spring Chinook salmon releases are not known to residualize in the Wind 
River where they are released.  Available emigrant trapping and PIT tag monitoring 
information indicate a rapid exit of Carson NFH spring Chinook salmon from the Wind 
River.  Similar observations have been made for Chinook salmon releases at LWS, Warm 
Springs, and Spring Creek NFHs. 

Eagle Creek NFH hatchery coho salmon production is volitionally released into Eagle 
Creek at the hatchery.  Volitionally released coho salmon are ready to and actively 
migrate quickly into the mainstem Clackamas and the Columbia River migration corridor 
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en route to the ocean.  Most fish (>98 percent) leave the hatchery and enter Eagle Creek 
during the volitional release period.  Those coho salmon remaining at the end of the 
volitional release period are forced out (generally less than 2 percent of total production).
The remaining 2 percent that are forced out of the hatchery may residualize in Eagle 
Creek where they are released or in the Clackamas River.  Proposed research to evaluate 
residualism from Eagle Creek NFH steelhead and coho salmon releases will help to 
provide information on the fate of these fish and future program management.  

As with coho salmon, Eagle Creek NFH hatchery steelhead production is volitionally 
released into Eagle Creek at the hatchery site and it is assumed that they migrate quickly 
into the main stem Clackamas and Columbia River migration corridor en route to the 
ocean.  Most fish (>98 percent) leave the hatchery and enter Eagle Creek during the 
volitional release period.  Those fish remaining at the end of the volitional release period 
are forced out.  Eagle Creek NFH releases are not known to residualize in Eagle Creek 
where they are released or in the Clackamas River, however proposed research evaluating 
migration patterns and potential for residualism in hatchery steelhead releases will help to 
provide a definitive answer to hatchery out-migration questions.  In the prior hatchery 
Biological Opinion (NMFS 1999a), there was a target release size for artificially 
produced steelhead smolts of 180mm to 250mm.  Steelhead smolts outside this size range 
tended to residualize after being released from the hatchery.  The program will continue 
to meet this target range. 

In the Walla Walla and Touchet Rivers, a varying percentage of the hatchery steelhead 
released residualize.  WDFW considers hatchery steelhead remaining in the these basins 
after June 15 to be residuals.  These fish, by remaining in the lower Touchet or Walla 
Walla Rivers have an increased opportunity to interact with juvenile listed fish (steelhead 
or bull trout).  Although the rates of residualism vary from a few percent (Viola and 
Schuck 1991) to 10 percent (Partridge 1985, 1986), some estimates have been higher than 
25 percent (Viola and Schuck 1991; Crisp and Bjornn 1978).  The percentage of 
steelhead that residualize in the Touchet River has been estimated to be between 3-31 
percent (Bumgarner et al. 2002; Martin et al. 2000; Schuck et al. 1995; Schuck et al.
1994).  The estimated number of residuals in the Touchet River in 1999 was 6,691 or 5.3 
percent of the 125,000 release.

The LSRCP program funded studies in Oregon, Washington, and Idaho to evaluate food 
habits of steelhead smolts and residuals.  Whitesel et al. (1993) sampled 676 steelhead 
stomachs (65 smolts and 611 residuals) from spring of 1992 through spring of 1993.  
Stomachs were taken from smolts collected at the screw trap operated by Nez Perce tribe 
at river mile four of the Imnaha River.  None of the smolt stomachs sampled contained 
fish.  Residuals were sampled by angling and electrofishing in the Imnaha and Grande 
Ronde basins.  No Chinook salmon were observed in any of the residual hatchery 
steelhead stomachs, although 54 (8.0 percent) contained fish (mainly sculpins) and 8 (1.2 
percent) contained salmonids (rainbow or whitefish).  Subsequent sampling in 1993 
resulted in examination of 358 residual hatchery steelhead stomachs.  Fish or fish parts 
were found in only three stomachs including one 63mm O. mykiss and sculpins (Jonasson 
et al. 1994).  Martin et al. (1993) found similar levels of predation in residualized 
steelhead in the Tucannon River. Residualized steelhead do not appear to prey on 
juvenile Chinook salmon and have low rates of predation on other salmonids.  Potential 
impacts from residualized hatchery steelhead in the Walla Walla and Touchet Rivers are 
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further reduced by the release locations being below the primary spawning and rearing 
habitat, and into poor habitat that does not support steelhead summer rearing. 

Table 25 provides a summary of the possible impacts from residualism, and the measures 
taken to minimize the possible impacts from the residualism of hatchery steelhead on 
listed salmon and steelhead. 

4.2.8 Fisheries

Each of the nine hatchery programs considered in this Opinion produce fish to mitigate 
for lost harvest opportunities (tribal, public (recreational), and commercial) caused by 
Columbia River development impacts.  For example, fish from the LWS NFH URB fall 
Chinook salmon program are to mitigate for impacts from the construction and operation 
of the John Day Dam.  The Spring Creek NFH tule fall Chinook salmon program 
includes listed fish and thus can also be used to assist in recovery, once the factors 
limiting recovery are addressed.  When spawning and rearing areas for fall Chinook 
salmon become available, fish from the Spring Creek NFH can be used to help re-
establish self-sustaining natural populations (NMFS 2006a).  The Spring Creek NFH tule 
fall Chinook salmon are currently surplus to the conservation needs of the ESU and since 
2005 releases, all production is marked with an adipose fin-clip thus exempting them 
from the take prohibitions under the 4(d) rule (70 FR 37160). 

Modern fisheries management is targeted on harvesting surplus hatchery fish and is 
limited by the allowable incidental take of natural-origin fish.  These limits determined 
the opening and closing of fisheries.  The fish from the hatchery programs are produced 
to provide for harvest opportunities, during the pursuit of these hatchery fish in ocean, 
mainstem Columbia River, and tributary fisheries, listed salmon and steelhead will be 
taken incidentally.  The incidental take of listed salmon and steelhead in these mainstem 
and ocean fisheries are covered under other consultations (e.g. NMFS 1999f; NMFS 
2005a).  Fish Management and Evaluation Plans (FMEPs) for tributary fisheries have 
been implemented for the LCR ESUs and DPS and provide for protection for listed 
salmon and steelhead (e.g., WDFW 2003a; ODFW 2001b).  FMEPs have also been 
submitted for tributary fisheries affecting MCR steelhead (WDFW 2003b; ODFW 2005a; 
ODFW 2005b; ODFW 2005c; ODFW 2005d).

The LCFRB (2004) developed a table of annual harvest impact rates for lower Columbia 
River natural-origin salmon populations under the most recent management controls 
(Table 26).  Fishery impact rates for hatchery produced spring Chinook salmon, coho 
salmon and steelhead are higher than for natural-origin fish of the same species because 
of selective fisheries regulations.  These rates generally reflect recent year (2001-2003) 
fishery regulations and quotas controlled by weak stock impact limits and annual 
abundance of healthy targeted fish.  Actual annual harvest rates will vary however, but 
these rates generally reflect the expected impacts of harvest on lower Columbia natural-
origin and hatchery salmon and steelhead under current harvest management regimes 
(LCFRB 2004). 
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Table 25.  Summary of impacts from Residualism and the measures taken by the hatchery 
programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, do not residualize.  

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, do not residualize. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, do not residualize. 

Carson NFH Spring Chinook 
Salmon  

No impact expected, do not residualize. 

Spring Creek NFH Tule Fall 
Chinook Salmon

No impact expected, do not residualize. 

Eagle Creek NFH Coho Salmon May impact expected, do not residualize, 
monitoring and evaluation activities. 

Eagle Creek NFH Winter Steelhead May impact, timing and location of releases, size 
at release, volitionally releasing actively 
migrating smolts, monitoring and evaluation 
activities. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

No impact expected, do not residualize. 

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

May impact, timing and location of releases, size 
at release, volitionally releasing actively 
migrating smolts, reduction in the number 
released, evaluation of rearing regimes in 
hatchery, monitoring and evaluation activities. 

Table 26.  Approximate annual exploitation rates ( percent harvested) for natural-origin 
lower Columbia River salmon and steelhead under current management controls 
(represents 2001-2003 fishing period) (from LCFRB 2004). 

AK./Can.
Ocean

West
Coast 
Ocean

Col. R. 
Comm. 

Col. R. 
Sport  

Trib.
Sport 

Natural
-origin 
Total 

Hatchery 
Total 

Historical 
Highs

Spring Chinook 
salmon 

13 5 1 1 2 22 53 65

Fall Chinook salmon 
(Tule) 

15 15 5 5 5 45 45 80

Fall Chinook salmon 
(Bright) 

19 3 6 2 10 40 na 65

Chum salmon 0 0 1.5 0 1 2.5 2.5 60
Coho <1 9 6 2 1 181 51 85
Steelhead 0 <1 3 0.5 5 8.5 70 75

1Exploitanion rate set to 15 percent by NMFS in 2006. 
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Weak stock management (the practice of limiting fisheries based on the annual 
abundance of particular stocks of concern) of Columbia River fisheries became 
increasingly prevalent in the 1960s and 1970s in response to continuing declines of 
upriver runs affected by mainstem dam construction.  In the 1980s coordinated ocean and 
freshwater weak stock management commenced.  Major fisheries restrictions followed 
ESA listings in the 1990s.  Lower Columbia River tule fall Chinook salmon harvest is 
constrained by a Recovery Exploitation Rate (RER) developed by NMFS for 
management of Coweeman natural-origin fall Chinook salmon as a representative of 
natural-origin LCR tule fall Chinook salmon populations (NMFS 2001a).  In 2001, 
NMFS (2001a) stated that the Pacific Fisheries Management Council (PFMC) and U.S. 
Fraser Panel Fisheries (Straight of Juan de Fuca) must be managed such that the total 
broodyear exploitation rate for the Coweeman stock of fall Chinook salmon, in all 
fisheries combined, does not exceed 0.65.  In 2004, NMFS revised the RER to 0.49 for 
the same fisheries (NMFS 2004c).  NMFS is currently reviewing the RER for Coweeman 
River tule fall Chinook salmon, and developing data on additional natural-origin 
populations to manage fisheries harvesting LCR fall Chinook salmon.  Harvest of lower 
Columbia River bright fall Chinook salmon has been successfully managed to achieve an 
annual escapement goal of greater than 5,700 natural-origin spawners in the North Fork 
Lewis River.

Steelhead, like chum salmon, are not encountered by ocean fisheries, and non-Indian 
commercial steelhead fisheries are prohibited in the Columbia River.  Selective fisheries 
for adipose fin-clipped hatchery spring Chinook salmon (since 2001), coho salmon (since 
1999), and steelhead (since 1984) have substantially reduced fishing mortality rates for 
natural-origin populations and allowed concentration of fisheries on abundant hatchery 
fish (see Table 26).  Selective fisheries for fall Chinook salmon in the LCR tributaries 
and at times when URB Chinook salmon are not available, may be implemented as more 
returning hatchery fall Chinook salmon are marked. 

Access to harvestable surpluses of strong stocks in the Columbia River and in ocean 
fisheries is regulated by impact limits on weak populations mixed with the strong.  Each 
fishery is controlled by a series of regulating factors.  Many of the regulating factors that 
affect harvest impacts on Columbia River stocks are associated with treaties, laws, 
policies, or guidelines established for the management of other stocks or combined 
stocks, but indirectly control impacts on Columbia River fish as well (Table 27).  Harvest 
managers configure fisheries to optimize harvest of strong stocks within the series of 
constraints for weak stock protection.

NMFS continues to use the regulating factors above and the latest status information 
when consulting on proposed fisheries.  NMFS has completed a number of ESA 
consultations for fisheries, including changes to the fisheries that resulted in findings that 
the fisheries are not likely to reduce appreciably the likelihood of survival and recovery 
of natural-origin Columbia River salmon and steelhead (NMFS 1999f; NMFS 2001a; 
NMFS 2004c; PFMC 2000; NMFS 2005a; NMFS 2005b; NMFS 2005c; NMFS 2006b; 
NMFS 2006c). 
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Table 27.  Current harvest regulating factors affecting lower Columbia natural-origin 
salmon and steelhead and the fisheries in which certain regulating factors apply (LCFRB 
2004).

Regulating Factor Fisheries Applied To 
Lower Columbia Spring 
Chinook Salmon 

Hatchery escapement goal 
Abundance Based Management Agreement 
Tule fall Chinook salmon abundance 
Willamette ESA (15 percent limit) 
Upriver ESA (2 percent limit) 
Selective fisheries 
Commercial gear restrictions 
FMEPs

All U.S. fisheries 
PSC Ocean 
West Coast Ocean 
Columbia River 
Columbia River 
Columbia River, Tributary 
Columbia River 
Tributary recreational 

Fall Chinook Salmon 
Tule

Abundance Based Management Agreement 
Hatchery escapement goals 
Coweeman ESA (49 percent limit) 
Coweeman, EF Lewis closures 
Snake Fall Chinook salmon ESA (8.25 percent 
non-Indian limit) 
FMEPs

PSC Ocean 
All U.S. fisheries 
West Coast Ocean, Col. River 
Tributary recreational 
Columbia River 
Tributary recreational 

Fall Chinook Salmon 
LCR Brights 

Abundance Based Management Agreement 
NF Lewis natural-origin escapement goal (5,700) 
Snake Fall Chinook salmon ESA (8.25 percent 
non-Indian limit) 
FMEPs

PSC Ocean 
All U.S. Fisheries 
Columbia River 
Tributary recreational 

Chum Salmon Sport retention closed 
November Commercial closed 
Late October commercial area closures 
FMEPs
Columbia Chum salmon ESA (2-5 percent limit) 

Columbia River, Tributary 
Columbia River 
Columbia River 
Tributary recreational 
Columbia River 

Coho Salmon Hatchery escapement goals 
OCN Coho salmon ESA (abundance limit, typical 
8-15 percent) 
Oregon state coho salmon ESA (typical 13 percent 
limit) 
Sport selective fisheries 
Commercial select area fisheries  
Commercial time/area closures 

All U.S. fisheries 
West Coast Ocean 
Columbia River 
Columbia River, Tributary 
Columbia River 
Columbia River 

Steelhead (LCR and 
MCR)

Commercial harvest prohibition 
Selective recreational fisheries 
Natural-origin/Hatchery escapement goals 
Commercial mesh size restrictions 
U.S. v. Oregon ESA (Indian-15 percent, non-2 
percent) 
FMEPs

Columbia River 
Columbia River, Tributary 
Tributary fisheries 
Columbia River 
Columbia River 
Tributary recreational 

All recreational fisheries within the region are selective for hatchery-reared steelhead and 
require release of natural-origin steelhead.  FMEPs have been submitted for tributary 
fisheries in the MCR Steelhead DPS and are currently under consultation.  Current 
recreational fishing regulations in the Touchet, and Walla Walla Rivers have been set to 
reduce the incidental mortality of natural fish in the catch by requiring the use of barbless 
hooks.  The use of barbless hooks promotes a safer, less stressful release of natural-origin 
fish in the fishery targeting marked hatchery fish.  These actions work in concert with 
focused fishing effort on hatchery-origin fish to minimize spawning escapement of LFH 
hatchery summer steelhead into the Touchet and Walla Walla Rivers, and nearby 
tributaries. 
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The changes in harvest management through the use of weak stock management, 
abundance based fisheries, season and areas closures, and gear regulations, as described 
above, have reduced the impacts of harvest such that it is no longer considered one of the 
top limiting factors for the listed species (see Table 14).  This is not currently true for 
LCR tule fall Chinook salmon populations, where harvest impacts are one of the top six 
limiting factors (LCFRB 2004; ODFW 2006a; PCSRF 2005; 2006).  NMFS is currently 
reviewing fall Chinook salmon harvest management and the use of the RER for 
Coweeman natural-origin fall Chinook salmon in the ocean and Columbia River fisheries.   

Table 28 provides a summary of the possible impacts due to fisheries, and the measures 
taken to minimize the possible impacts on listed salmon and steelhead from fisheries 
targeting hatchery salmon and steelhead. 

4.2.9 Masking

Hatchery fish can return or stray into natural spawning areas confounding the ability to 
determine the annual abundance of naturally produced fish.  This can lead to an over-
estimation of the actual abundance and productivity of the natural population, and to an 
inability to assess the health and production potential of the critical habitat for that 
population.  This latter factor exists because the hatchery fish are not subject to the same 
spawning and early life history productivity limits experienced by the natural population 
in the natural freshwater environment.  The abundance and productivity of the naturally 
produced fish and the health of the habitat that sustains them, is therefore “masked” by 
the continued infusion or subsidy of hatchery-produced fish. 

Masking of naturally produced populations is not expected to be a risk because all 
hatchery produced spring Chinook salmon and coho salmon and steelhead are adipose 
fin-clipped to allow for identification at traps and on the spawning grounds.  To further 
reduce masking effects, hatchery-produced fish are removed from the natural spawning 
population through selective fisheries and through removal at traps and at hatchery weirs. 
This removal of hatchery produced fish reduces the potential for these to be counted as 
part of the natural production, thus giving a more accurate estimate of the natural-origin 
population’s productivity.

Tule fall Chinook salmon from Spring Creek NFH and fall Chinook salmon from the 
LWS NFH Complex were not mass marked in the past and thus may have masked natural 
production in tributaries to the upper gorge area of the LCR Chinook Salmon ESU.
Monitoring activities in the HGMPs will investigate the distribution of URB fall Chinook 
salmon and tule fall Chinook salmon that do not return to the LWS NFH Complex and 
Spring Creek NFH, respectively.  WDFW annually conducts spawning ground surveys in 
coordination with USFWS to recover marked fall Chinook salmon that have an adipose 
fin-clip indicating a CWT. The recovery of CWTs allows for an estimation of the 
number of hatchery fall Chinook salmon spawning naturally (see Figure 4).  Research 
activities proposed at the Spring Creek NFH will collect genetic samples to determine the 
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Table 28.  Summary of impacts from Fisheries and the measures taken by the hatchery 
programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

May impact, all production was marked to allow 
for selective fisheries, fisheries are managed to 
protect listed coho salmon populations. 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

May impact, all production is marked to allow for 
selective fisheries, fisheries are managed to 
protect listed spring Chinook salmon. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, all production is marked to 
allow for selective fisheries, fisheries are 
managed to protect listed fall Chinook salmon 
populations.

Carson NFH Spring Chinook 
Salmon  

No impact expected, all production is marked to 
allow for selective fisheries, fisheries are 
managed to protect listed spring Chinook salmon. 

Spring Creek NFH Tule Fall 
Chinook Salmon

May impact, all production is marked, fisheries 
are managed to protect listed fall Chinook salmon 
populations, and to ensure that broodstock goals 
for program are met. 

Eagle Creek NFH Coho Salmon May impact, all production is marked to allow for 
selective fisheries, fisheries are managed to 
protect listed coho salmon populations. 

Eagle Creek NFH Winter Steelhead May impact, all production is marked to allow for 
selective fisheries, fisheries are managed to 
protect listed steelhead populations. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

May impact, all production is marked to allow for 
selective fisheries, fisheries are managed to 
protect listed spring Chinook salmon populations, 
and tributary fisheries are managed to ensure 
broodstock and natural-origin escapement goals 
are met. 

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

May impact, all production is marked to allow for 
selective fisheries, fisheries are managed to 
protect listed steelhead populations. 

origin of the naturally produced fall Chinook salmon in the tributaries adjacent to the 
hatchery.  This will measure the level of the past contribution to the naturally spawning 
population by artificially propagated tule fall Chinook salmon.  Since 2005, all fall 
Chinook salmon from Spring Creek NFH and the LWS NFH Complex have been mass 
marked, this along with the CWT double index groups will allow for estimating the 
number of hatchery fall Chinook salmon contributing to the natural spawning populations 
in the gorge area beginning in 2007.

Table 29 provides a summary of the possible impacts due to masking, and the measures 
taken to minimize the possible impacts on listed salmon and steelhead from hatchery 
salmon and steelhead masking the status of the natural-origin fish. 
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Table 29.  Summary of impacts from Masking and the measures taken by the hatchery 
programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, all production was marked 
to allow for identification of hatchery-origin coho 
salmon during spawning ground surveys, and at 
traps and weirs 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, all production is marked to 
allow for identification of hatchery-origin spring 
Chinook salmon during spawning ground 
surveys, and at traps and weirs 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, all production is marked to 
allow for identification of hatchery-origin fall 
Chinook salmon during spawning ground 
surveys, and at traps and weirs 

Carson NFH Spring Chinook 
Salmon  

No impact expected, all production is marked to 
allow for identification of hatchery-origin spring 
Chinook salmon during spawning ground 
surveys, and at traps and weirs 

Spring Creek NFH Tule Fall 
Chinook Salmon

No impact expected, all production is marked to 
allow for identification of hatchery-origin fall 
Chinook salmon during spawning ground 
surveys, and at traps and weirs 

Eagle Creek NFH Coho Salmon No impact expected, all production is marked to 
allow for identification of hatchery-origin coho 
salmon during spawning ground surveys, and at 
traps and weirs 

Eagle Creek NFH Winter Steelhead No impact expected, all production is marked to 
allow for identification of hatchery-origin 
steelhead during spawning ground surveys and at 
traps and weirs 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

No impact expected, all production is marked to 
allow for identification of hatchery-origin spring 
Chinook salmon during spawning ground 
surveys, and at traps and weirs 

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

No impact expected, all production is marked to 
allow for identification of hatchery-origin 
steelhead during spawning ground surveys and at 
traps and weirs 

4.2.10 Nutrient Cycling 

Utilization of hatchery adult carcasses for nutrient enhancement has been proposed for 
only two programs, however hatchery fish that do not return to the hatchery can provide 
marine derived nutrient enhancement to local basins and may provide a positive impact 
on the local populations.  Surplus adults and broodstock from the other programs, when 
in good quality are provided to tribal members or local food banks, poorer quality fish are 
rendered or placed into sanitary landfills.  Managers considering carcass outplants must 
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follow disease control guidelines and should not transfer carcasses between drainages.
Managers should also consider other habitat conditions of target streams including the 
presence of small woody debris that helps retain carcasses as they decompose, the likely 
natural density of spawner carcasses and the presence of nutrient enrichment such as 
agricultural runoff. 

Disease concerns generally limit the use of hatchery returns for nutrient enhancement, 
however, with some hatchery programs outplanting carcasses is one of the program’s 
goals.  Coho salmon from Eagle Creek NFH are provided to ODFW and the U.S. Forest 
Service for nutrient enhancement, because of the absence or very low incidence of 
disease in this stock.  The Warm Springs NFH also uses carcasses for nutrient 
enhancement after they have been screened for disease, and treated (eviscerated and heat-
baked) to prevent disease transmission.  Nutrient enhancement with surplus hatchery 
carcasses that cannot be used for other purposes (i.e., tribal ceremonial and subsistence, 
food banks) will be investigated for a number of the proposed programs. 

Table 30 provides a summary of the possible impacts due to nutrient enhancement, and 
the measures taken to minimize the possible impacts on listed salmon and steelhead. 

4.2.11 Monitoring and Evaluation 

Monitoring and Evaluation programs are necessary to determine the performance of 
artificial propagation programs.  Under the ESA, monitoring and evaluation programs for 
artificial production are not only necessary for adaptive management purposes but are 
required to ensure that artificial propagation activities do not limit the recovery of listed 
populations.  Monitoring and evaluation of artificial propagation activities are necessary 
to determine if management actions are adequate to reduce or minimize the impacts from 
the general risks discussed previously, and to determine if the hatchery is meeting its 
performance goals.  Monitoring and evaluation activities will occur within the hatchery 
facilities as well as in the natural production areas.  The monitoring and evaluation 
activities for the proposed artificial propagation programs are designed to address 
impacts of the individual programs, however, some of the activities may have application 
to other programs in the Columbia River basin. 

LWS NFH Complex:  Monitoring and evaluation activities at the LWS NFH Complex for 
all three species will not involve the take of listed salmon or steelhead.  The evaluation of 
ladder operations at the hatchery and their impacts on URB fall Chinook salmon straying 
will be coordinated with other activities in the area and will be limited to observing radio 
tagged URB fall Chinook salmon.  Spawning ground surveys and carcass sampling 
associated with this research will be conducted by WDFW (WDFW 2003a). 

Carson NFH:  The Carson NFH spring Chinook salmon program has proposed 
monitoring and evaluation activities but these will address activities within the hatchery.
Marking for these hatchery evaluations will assist in monitoring downstream passage at 
Bonneville Dam and smolt migration in the lower Wind River by other agencies.  

Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 161

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 190 of 1903

1-SER-217

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 217 of 300
(221 of 992)



Table 30.  Summary of impacts from Nutrient Cycling and the measures taken by the 
hatchery programs to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement. 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement. 

Carson NFH Spring Chinook 
Salmon  

May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement.  

Spring Creek NFH Tule Fall 
Chinook Salmon

May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement. 

Eagle Creek NFH Coho Salmon May impact, hatchery fish not returning to the 
hatchery can provide nutrients, no or very low 
incidence of disease allows for nutrient 
enhancement when returns are high. 

Eagle Creek NFH Winter Steelhead May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement.  

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

May impact, hatchery fish not returning to the 
hatchery can provide nutrients,  are eviscerated 
and baked to prevent disease transmission. 

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

May impact, hatchery fish not returning to the 
hatchery can provide nutrients, but hatchery 
returns not used for nutrient enhancement. 

Walla Walla River: Monitoring activities associated with the Walla Walla River basin 
summer steelhead program are part of a larger Walla Walla River basin monitoring and 
evaluation program and these activities are covered under a separate consultation (Contor 
and Sexton 2003). 

Spring Creek NFH:  The USFWS proposes monitoring activities to evaluate the Spring 
Creek NFH tule fall Chinook salmon program.  A final evaluation of adult returns from 
the unfed fry releases is being conducted and will be completed in 2006.  The other 
research and hatchery evaluation activities include (1) assessment of alternative ladder 
operations and its effects on broodstock collection and straying; (2) evaluating Spring 
Creek NFH March release and Bonneville Dam 2 corner collector; and (3) conducting a 
comparative genetic assessment of Spring Creek NFH broodstock and naturally spawning 
White Salmon River tule fall Chinook salmon.  Research activities will primarily affect 
hatchery-origin fall Chinook salmon but take of naturally produced listed species will 
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occur during the genetic assessment study (see Tables 5, 6, and 7).  As described above in 
the genetic introgression section, one of the primary concerns is the influence of naturally 
spawning Spring Creek NFH tule fall Chinook salmon on tule populations in the gorge 
tributaries and the White Salmon River.  In order to address this concern USFWS has 
proposed to conduct a genetic assessment.  The proposed research to evaluate ladder 
operations, will also assist in the determining if hatchery operations influence the level of 
straying.

Take will occur during activities to collect juvenile fall Chinook salmon from the White 
Salmon River as part of the genetic assessment.  During these activities MCR steelhead, 
LCR coho salmon, and LCR Chinook salmon will also be collected.  Tissue samples, 
consisting of fin clips, will only be collected from the fall Chinook salmon.  It is 
estimated that up to 1,000 steelhead and 1,000 coho salmon juvenile salmon could be 
handled during these activities with less than 5 direct mortalities for each species.  The 
estimated mortality should be considered to be conservative since spawning habitat for 
steelhead and coho salmon is very limited in the White Salmon River and the number of 
listed steelhead and coho salmon handle should be less than the estimates above.  The 
data from this assessment will determine if genetic introgression between the hatchery 
and natural population has occurred and will provide a base line for future management 
of fall Chinook salmon populations in the White Salmon River.  These data will be 
needed to design a reintroduction program for the White Salmon River fall Chinook 
salmon as part of the process of removing Condit Dam.  The take associated with these 
research activities is expected to be low and should not adversely affect listed species in 
the White Salmon River and in the other gorge area tributaries.  

Eagle Creek:  Research activities at Eagle Creek NFH will focus on both steelhead and 
coho salmon production.  Activities that will potentially take listed species include 
monitoring adult steelhead and coho salmon movement in Eagle Creek, evaluating 
downstream migration and potential residualism of winter steelhead, determining the 
level of interactions between hatchery and natural-origin fish, determining the amount of 
spatial separation between hatchery and natural-origin fish in Eagle Creek, and 
determining if tributaries genetically segregate hatchery and natural-origin fish.  These 
activities are being proposed in order to determine if adverse impacts are occurring and to 
change program operations to minimize these potential impacts on listed salmon and 
steelhead.  The potential take of listed species is summarized in Tables 9, 10, and 11.

These activities are expected to trap, handle, mark, and tissue sample up to 50 natural-
origin adult winter steelhead and 50 natural-origin adult coho salmon as part of the adult 
movement evaluation and for the genetic assessment.  The expected incidental lethal take 
is fewer than 5 adults of each species.  Small tissue samples (fin clips) will be collected 
from the natural-origin adults and used as part of the genetic analysis along with samples 
collected from juvenile steelhead and coho salmon collected during a separate study 
measuring the incidence of disease in naturally produced populations (this study is 
covered under a separate consultation).

Adult trapping activities in the lower fish ladder in Eagle Creek handled 88 natural-origin 
late-run winter steelhead during the period from April to June 2000, with two mortalities.  
The number of natural-origin late-run winter steelhead trapped during the proposed 
research activities are expected to be lower because trapping will be targeting hatchery 
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winter steelhead which return from November to April.  Natural-origin late-run winter 
steelhead returning in May and June will not be collected, reducing the potential number 
of natural-origin steelhead handled.  The estimated level of impact should not be 
exceeded by the proposed activities and should not adversely affect listed steelhead.   

The level of natural-origin coho salmon in Eagle Creek is unknown, but natural 
production does occur (Lumianski 2000, Strobel and Hansen 2001).  The majority of the 
natural production occurs above the North Fork Dam in the upper Clackamas River.  
Recent escapements of natural-origin coho salmon over North Fork Dam has averaged, 
over 2,000 adults from 2001 to 2006 (R. Turner, NOAA Fisheries, personal 
communication, June 2006).  The potential loss of fewer than 5 adults from the sampling 
activities should not adversely affect the population.  The proposed genetic assessment is 
being done in order to determine if genetic introgression of the naturally spawning late 
winter steelhead by hatchery steelhead has occurred and will lead to changes needed to 
minimize these effects.  

Snorkel surveys will be used to monitor downstream passage, residualism, and juvenile 
interactions and are expected to observe/harass an estimated 1,000 listed LCR steelhead 
juveniles, 500 listed UWR spring Chinook salmon juveniles and 1,000 listed LCR coho 
salmon juveniles.  These activities will provide important data on species interactions and 
residualism rates that can be used to adjust hatchery management and address 
assumptions regarding predation, and competition/density dependant effects of hatchery 
fish.  Take from the snorkel surveys proposed to monitor juvenile hatchery and natural 
origin fish would be in the form of mild or transitory harassment, with no mortalities, and 
is not expected to have an adverse effect on the listed species.    

Warm Springs NFH:  Monitoring and evaluation activities have the potential to 
observe/harass 1,100 MCR steelhead adults during spawning, and snorkel surveys.  Up to 
1,100 adults will be handle during trapping operations at the Warm Springs NFH and at 
the weir in Shitike Creek (Tables 12 and 13).  The trap is operated to collect broodstock 
and monitor spring Chinook salmon passage and to remove marked hatchery steelhead.  
During these operations there is the potential for up to 1,000 (generally 100-500) listed 
steelhead to be handled.  The actual number handled varies from year to year depending 
on the size and timing of steelhead and spring Chinook salmon passage and on the 
number of hatchery adult steelhead that stray into the hatchery.  Incidental mortalities 
associated with the sorting and removal of hatchery steelhead at the Warm Springs NFH, 
and at Shitike Creek should not adversely impact listed steelhead because the incidental 
mortality associated with these activities, based on past experience, is expected to be very 
low.  If the past morality rate of <0.7 percent of the unmarked steelhead handled is used 
then less than 10 adults may be killed annually from all these activities.  In Shitike Creek 
adult summer steelhead will be sampled at the weir as part of a genetic analysis to 
determine reproductive success of natural-origin and hatchery steelhead.  Non-lethal 
tissue samples will be collected from trapped steelhead.  These activities are important in 
order to determine if hatchery summer steelhead are adversely affecting the recovery of 
summer steelhead in Shitike Creek.  The level of take that is proposed is not expected to 
adversely effect listed MCR summer steelhead in the Deschutes River basin.

The proposed monitoring and evaluation activities have the potential to take over 17,000 
listed juvenile steelhead in the Deschutes River Basin (Tables 12 and 13).  Snorkel 
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surveys may observe at least 1,000 juvenile steelhead, take would be in the form of mild 
or transitory harassment, with no mortalities expected.  Trap operations would handle up 
to 16,000 steelhead smolts.  These estimates do not include any additional observation 
and handling of steelhead subyearlings.  Up to 500 juvenile steelhead will be captured 
and marked with a dye as part of a mark/recapture study to estimate abundance in Shitike 
Creek.  These activities are needed in order to determine if the reintroduction of spring 
Chinook salmon into Shitike Creek is adversely affecting the abundance and productivity 
of listed summer steelhead in the basin.  The results of these research efforts could be 
applied to designing future reintroduction efforts in other basins. 

The potential lethal take of 110 juvenile MCR steelhead from all the monitoring activities 
is not expected to have an adverse effect on the populations in the Deschutes River basin 
or the MCR steelhead ESU as a whole.  In 2004, NMFS developed a conservative 
estimate that 65,160 natural origin juvenile MCR steelhead would enter the Columbia 
River between the John Day and The Dalles Dams (Furguson 2004).  These would 
primarily be from the Deschutes River since it is the only major tributary to this pool.  
The estimated lethal take from the proposed monitoring and evaluation activities is only 
0.17 percent of the natural-origin out migration and would reduce future adult returns by 
only one fish.

Table 31 provides a summary of the possible impacts due to monitoring and evaluation 
activities, and the measures taken to minimize the possible impacts on listed salmon and 
steelhead.

4.3 Critical Habitat 

This critical habitat analysis determines whether the proposed action will destroy or 
adversely modify designated critical habitat for listed species by examining any change in 
the conservation value of the essential features of that critical habitat.  This analysis relies 
on statutory provisions of the ESA, including those in Section 3 that define “critical 
habitat” and “conservation,” in Section 4 that describe the designation process, and in 
Section 7 that set forth the substantive protections and procedural aspects of 
consultation.  The regulatory definition of “destruction or adverse modification” at 50 
CFR 402.02 is not used in this Opinion (Hogarth 2005).

Critical habitat was described in section 3.6, above.  For most of the proposed artificial 
propagation programs, the essential features of PCEs (primary constituent elements) 
potentially affected would be freshwater spawning and rearing water quantity and water 
quality.  These would be affected by hatchery operations associated with water 
withdrawal and hatchery effluent.  All of the proposed programs minimize impacts on 
reductions in water quantity by using water from areas not occupied by listed fish (e.g., 
withdrawing water from above natural barriers or from springs).  Some programs return 
water that has passed through the facility at the point of withdrawal or have water rights 
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Table 31.  Summary of impacts from Monitoring and Evaluation activities associated 
with the hatchery programs and the measures taken to minimize these impacts. 
Program Impacts and Measures  

Little White Salmon/Willard NFH 
Complex Coho Salmon 

No impact expected, no external monitoring and 
evaluation activities. 

Little White Salmon/Willard NFH 
Complex Spring Chinook Salmon  

No impact expected, no external monitoring and 
evaluation activities. 

Little White Salmon/Willard NFH 
Complex Upriver Bright Fall 
Chinook Salmon

No impact expected, impact limited to 
observation of radio-tagged hatchery fall Chinook 
salmon, and listed Chinook salmon in White 
Salmon River. 

Carson NFH Spring Chinook 
Salmon  

No impact expected, no external monitoring and 
evaluation activities. 

Spring Creek NFH Tule Fall 
Chinook Salmon

May negatively impact, activities follow NMFS 
guidelines for handling listed juvenile salmon and 
steelhead as described in terms and conditions, 
genetic data collected necessary for recovery 
planning.

Eagle Creek NFH Coho Salmon May negatively impact, activities follow NMFS 
guidelines for handling listed juvenile and adult 
salmon and steelheads as described in terms and 
conditions, timing and location of activities, 
research needed to reduce future impacts. 

Eagle Creek NFH Winter Steelhead May negatively impact, activities follow NMFS 
guidelines for handling listed juvenile and adult 
salmon and steelheads as described in terms and 
conditions, timing and location of activities, 
research needed to reduce future impacts. 

Warm Springs NFH Warm Springs 
River Spring Chinook Salmon  

May negatively impact, activities follow NMFS 
guidelines for handling listed juvenile and adult 
steelheads as described in terms and conditions, 
timing and location of activities, research needed 
to reduce future impacts. 

Walla Walla River Summer 
Steelhead – Lyons Ferry Hatchery 
Stock

No impact expected, monitoring and evaluation 
activities conducted under separate program not 
covered in this opinion. 

that are designed to protect listed salmon and steelhead (see the discussions in section 
4.2.1, above, for details on hatchery water intake impacts).  Potential impacts of artificial 
propagation programs on water quality for freshwater spawning and rearing result 
primarily from hatchery effluent.  As described in section 4.2.1, hatchery effluent can 
impact water quality at the outfall of the hatchery, but these impacts are limited to the 
area directly below the outfall.  The impacts are effectively minimized by the proposed 
artificial programs because they operate under a NPDES and state discharge permits,   
meet IHOT guidelines (IHOT 1995), and through disease policies established to ensure 
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that fish health is monitored, sanitation practices are applied, and that hatchery fish are 
reared and released in healthy condition (PNFHPC 1989; IHOT 1995; WDFW 1996; 
WDFW and WWTIT 1998; USFWS 1995; USFWS 2004j).

In addition to impacts on freshwater spawning and rearing, the weir at the Warm Springs 
NFH acts as an obstruction, delaying freshwater migration of listed fish; it does not 
impact the other essential features associated with freshwater migration.  The weir and 
fish ladder permits free passage of listed steelhead during some times of the year, and the 
trap is only operated to prevent the passage of hatchery steelhead, with naturally 
produced steelhead being quickly passed into the naturally spawning areas above the 
weir, thus creating a refuge for naturally produced steelhead.

As described above, the proposed artificial propagation programs have the potential to 
impact PCEs related to water quality and quantity for spawning and rearing, and for 
freshwater spawning and rearing for listed salmon and steelhead but measures that have 
been taken to minimize these impacts such that the PCEs would remain functional and 
serve the intended conservation role for the species. 

Based on the analysis above, and in section 4.2.1, the proposed artificial propagation 
programs as operated in the Action Area will not result in the destruction or adverse 
modification of critical habitat. 

4.4 Cumulative Effects 

Cumulative effects are defined in 50 CFR §402.02 as "those effects of future State, tribal, 
local or private actions, not involving Federal activities, that are reasonably certain to 
occur in the action area considered in this biological opinion."  For the purpose of this 
analysis, the action area is that part of the Columbia River Basin described in the 
Description of the Proposed Action section above.  Future Federal actions, including the 
ongoing operation of the hydropower systems, hatcheries, fisheries, and land 
management activities will be reviewed through separate section 7 consultation 
processes.  Non-Federal actions that require authorization under section 10 of the ESA, 
and are not included within the scope of this consultation, will be evaluated in separate 
section 7 consultations.

Future Tribal, state, and local government actions will likely be in the form of legislation, 
administrative rules, or policy initiatives, for example, projects funded through the 
Pacific Coast Salmon Recovery Fund (PCSRF 2006).  Government and private actions 
may include changes in land and water uses, including ownership and intensity, any of 
which could impact ESA-listed species or their habitat.  Government actions are subject 
to political, legislative, and fiscal uncertainties.  These realities, added to the geographic 
scope of the action area which encompasses numerous government entities exercising 
various authorities and the many private landholdings, make an analysis of cumulative 
effects difficult and speculative.  This section identifies representative actions that, based 
on currently available information, are reasonably certain to occur.  It also identifies 
some goals, objectives, and proposed plans by government entities; however, NMFS is 
unable to determine at this point in time whether any proposals will in fact result in 
specific actions. 
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State Actions:  Each state in the Columbia River Basin administers the allocation of water 
resources within its borders.  Most streams in the MCR Steelhead DPS are over 
appropriated even though water resource development has slowed in recent years.  
Washington closed the mainstem Columbia River to new water withdrawals, and is 
funding a program to lease or buy water rights.  If carried out over the long term this 
might improve water quantity.  The state governments are cooperating with each other 
and other governments to increase environmental protections, including better habitat 
restoration, hatchery, and harvest reforms.  NMFS also cooperates with the state water 
resource management agencies in assessing water resource needs in the basins in the 
MCR steelhead ESU, and in developing flow requirements that will benefit ESA-listed 
fish.  During years of low water, however, there could be insufficient flow to meet the 
needs of the fish.  These government efforts could be discontinued or even reduced, so 
their cumulative effects on ESA-listed fish is unpredictable. 

The state of Washington has various strategies and programs designed to improve the 
habitat of ESA-listed species and assist in recovery planning, including the Salmon 
Recovery Planning Act, a framework for developing watershed restoration projects.  The 
state is developing a water quality improvement scheme through the development of 
Total Maximum Daily Loads.  As with the Oregon initiatives, these programs could 
benefit the ESA-listed species if implemented and sustained.  

In the past, each state’s economy was heavily dependent on natural resources, with 
intense resource extraction activity.  Changes in the states’ economies have occurred in 
the last decade and are likely to continue with less large scale resource extraction, more 
targeted extraction methods, and substantial growth in other economic sectors.  Growth in 
new businesses is creating urbanization pressures with increased demands for buildable 
land, electricity, water supplies, waste disposal sites, and other infrastructure.  Economic 
diversification has contributed to population growth and movement in the states, a trend 
likely to continue for the next few decades.  Such population trends will place greater 
demands in the action area for electricity, water, and buildable land; will affect water 
quality directly and indirectly; and will increase the need for transportation, 
communication, and other infrastructure development.  The impacts associated with 
economic and population demands will affect habitat features, such as water quality and 
quantity, which are important to the survival and recovery of the ESA-listed species.  The 
overall effect is likely to be negative, unless carefully planned for and mitigated. 

Some of the state programs described above are designed to address these impacts.  Also, 
Washington enacted a Growth Management Act to help communities plan for growth and 
address growth impacts on the natural environment.  If the programs continue, they may 
help lessen some of the potential adverse effects identified above. 

In the Lower Columbia River, the state of Washington funded the drafting of a recovery 
plan for salmon and steelhead through the Lower Columbia Fish Recovery Board.  The 
LCFRB Salmon Recovery Plan identifies programs and actions that are needed to address 
impacts on listed salmon and steelhead in tributaries to the Columbia River in 
Washington from the estuary to the White Salmon River basin (LCFRB 2004).  These 
actions and programs were developed to address some of the impacts discussed above.  
NMFS (2006d) accepted the LCFRB’s Salmon Recovery Plan as an Interim Regional 
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Recovery Plan for the Washington management unit of the Lower Columbia River listed 
species.

Building on the work of the LCFRB, NMFS published a report describing the status of 
planning effort to date and a strategy for completing recovery plans for the Mid-
Columbia River Steelhead in the Gorge Management Unit (NMFS 2006e).  This strategy 
addressed the development of preliminary recovery plans by the Yakama Nation, the 
state of Washington, and NMFS for the White Salmon River, Klickitat River, and Rock 
Creek subbasins.  Similar to the effort in the Lower Columbia River, the state of 
Washington along with the Yakama Nation, and NMFS are drafting recovery plans for 
the other Washington tributaries in the MCR Steelhead DPS, and the Upper Columbia 
River.  As a result of these efforts, draft recovery plans have been developed for the 
Yakima River Subbasin (Freudenthal et al. 2005), and for the Lower Snake River 
tributaries, including the Walla Walla and Touchet Rivers (Snake River Salmon 
Recovery Board 2005).

NMFS also published a report on the status of planning effort to date and a strategy for 
completing recovery plans for the Willamette and Lower Columbia River Basins (NMFS 
2005d).  As part of this process Expert Panels were used to identify the key limiting 
factors for all of the listed populations in Lower and Middle Columbia River (ODFW 
2006a; ODFW 2006b).  The state of Oregon is currently drafting recovery plans for listed 
Oregon populations in the Lower and Middle Columbia River Basin, and has drafted a 
progress report on the recovery planning efforts in the Middle Columbia River 
(Carmichael et al. 2006).  All of the plans listed above are expected to be integral parts of 
the ESU wide recovery plans being developed by NMFS.  NMFS’s goal is to have 
Recovery Plans for all of the Columbia River listed species completed by early 2008.

Local Actions:  Local governments will be faced with similar but more direct pressures 
from population growth and movement.  There will be demands for intensified 
development in rural areas as well as increased demands for water, municipal 
infrastructure, and other resources.  The draft recovery plans include measures to protect 
and enhance salmonid habitat and these measures will have to be addressed by local 
governments.  The reaction of local governments to such pressures is difficult to assess at 
this time without certainty in policy and funding.  In the past, local governments in the 
action area generally accommodated additional growth in ways that adversely affected 
ESA-listed fish habitat.  Furthermore, there was little consistency among local 
governments in dealing with land use and environmental issues such that any positive 
effects from local government actions on ESA-listed species and their habitat are likely to 
be scattered throughout the action area.  The recovery planning process, beginning with 
the LCFRB Salmon Recovery Plan and continuing on in the development of recovery 
plans for listed Oregon populations, have been designed to included as an integral part of 
the process, representatives of local government and state agencies.  The inclusion of the 
local governments in the planning process will maximize support for recovery actions 
and their implementation.  These planning efforts are designed to address problems faced 
by local governments trying to manage pressures on listed species.  The recovery plans 
are expected to provide greater coordination and consistency between local governments. 

Tribal Actions:  Tribal governments continue to participate in cooperative efforts 
involving watershed and basin planning designed to improve fish habitat and in the 
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drafting of recovery plans (e.g., Freudenthal et al. 2005).  The results from changes in 
tribal forest and agriculture practices, in water resource allocations, and in changes to 
land uses are difficult to assess for the same reasons discussed under state and local 
actions.  In the Walla Walla River basin the Tribal government has been instrumental in 
getting improvements to water quality and quantity through negotiations with local 
agriculture and irrigation entities.  Additional improvements may be possible through 
these negotiations but they are uncertain.  The earlier discussions related to growth 
impacts apply also to tribal government actions.  Tribal governments will need to apply 
comprehensive and beneficial natural resource programs to areas under their jurisdiction 
to produce measurable positive effects for ESA-listed species and their habitat. 

Private Actions:  The effects of private actions are the most uncertain.  Private 
landowners may convert current use of their lands, or they may intensify or diminish 
current uses.  Individual landowners may voluntarily initiate actions to improve 
environmental conditions, or they may abandon or resist any improvement efforts.  Their 
actions may be compelled by new laws, or may result from growth and economic 
pressures.  Changes in ownership patterns will have unknown impacts.  Whether any of 
these private actions will occur is highly unpredictable, and the effects even more so.  
User groups representing private business and individuals have also been invited to 
participate in the development of the recovery plans in Washington and Oregon, with 
goal of developing a comprehensive recovery plan that can be supported both private and 
public entities. 

Summary:  Non-federal actions are likely to continue affecting the ESA-listed species.  
The cumulative effects in the action area are difficult to analyze considering the 
geographic landscape of this consultation, the political variation in the action area, the 
uncertainties associated with government and private actions, and the changing 
economies of the region.  Whether these effects will increase or decrease is uncertain; 
based on the trends identified in this section, the adverse cumulative effects are likely to 
increase.  However, the development of recovery plans with the cooperation of state 
agencies, local governments, tribal governments, and private groups may reverse or 
substantially slow these trends.  The recovery plans which identified the key limiting 
factors and focused recovery actions on addressing those limiting factors are expected to 
lead to recovery of the listed species.  Although state, tribal, and local governments have 
developed and are developing plans and initiatives to benefit ESA-listed fish, including 
draft recovery plans, they must be applied and sustained in a comprehensive way before 
NMFS can consider them “reasonably certain to occur” in its analysis of cumulative 
effects.  To provide that the recovery actions are considered to reasonably occur, NMFS 
for example, has been funding recovery actions through the Pacific Coastal Salmon 
Recovery Fund (PCSRF 2005).  The PCSRF funds have been used to protect and restore 
salmon and steelhead habitat; conduct watershed assessments to determine factors 
limiting anadromous fish productivity; developed plans to address limiting factors; 
develop resource management plans; conduct anadromous fish enhancement and 
supplementation activities; monitor and evaluate recovery actions and outcomes; and 
conduct research and monitoring of anadromous fish populations (PCSRF 2006).  The 
PCSRF has been funding actions that benefit listed and natural-origin fish since 2000, 
spending over $376 million in the four western states and Alaska (PCSRF 2005).  The 
actual level of funding is higher due to matching funds from the states and other entities.
In Washington and Oregon over $187 million in PCSRF and matching funds has been 
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committed to habitat projects, assessments, planning, research, monitoring, and 
enhancement activities.  Funding is expected to continue as funding for the PCSRF has 
been included in the 2008 Congressional budget.

Because it is unknown how much the cumulative effects of  the actions described in this 
section will increase or decrease the survival and the trend towards recovery for the listed 
species in the action area, the analysis and our decision are not dependent on the 
beneficial effects that could potentially come from these actions.  

4.5 Integration and Synthesis 

The proposed artificial propagation programs have the potential to adversely impact 
ESA-listed LCR Chinook salmon, UW spring Chinook salmon, LCR steelhead, CR chum 
salmon, MCR steelhead, and LCR coho salmon within the action area.  The USFWS has 
proposed measures to address these potential adverse impacts as well as research and 
monitoring activities to better define the level of impacts and where corrective actions are 
most needed to reduce impacts.  The USFWS, in the nine HGMPs submitted, describes 
the measures that will be taken to minimize the potential adverse impacts from each of 
the risks described in section 4.1 above: Hatchery Operations, Broodstock Collection, 
Genetic Introgression, Disease, Competition/Density Dependence Effects, Predation, 
Residualism, Fisheries, Masking, Nutrient Cycling, and Monitoring and Evaluation.  In 
section 4.2, NMFS evaluated the impacts of the proposed propagation programs on 
individual listed fish for each of the 11 general risks.  In this section, we examine the 
effects of the proposed action on the populations involved, and consider how those 
population-level effects (section 4.2), taken together with the effects of other activities 
likely to occur in the action area (section 4.3), might impact salmon and steelhead at the 
ESU or DPS level. 

LCR Chinook Salmon 
The proposed propagation activities analyzed in section 4.2 are operated to mitigate for 
impacts on salmon and steelhead production resulting from mainstem hydro-power 
project construction and operation and other development projects in the Columbia River 
basin.  The programs are designed to provide this mitigation while isolating program fish 
from ESA listed natural-origin fish and are not expected to appreciably reduce the 
likelihood of survival and recovery in the wild by reducing the reproduction, numbers, or 
distribution of the LCR Chinook Salmon ESU.  The programs that have the greatest 
potential to impact the LCR Chinook Salmon ESU are those at the LWS NFH Complex, 
Spring Creek NFH, and Eagle Creek NFH, as discussed here. 

Overall, this consultation finds that hatchery reform actions have reduced known adverse 
impacts on listed species (i.e., these hatchery programs are no longer a primary factor 
limiting listed species viability) and that additional actions required by this consultation 
promise to investigate and address potential impacts. 

Hatchery operations at the LWS NFH Complex, Carson NFH, Spring Creek NFH, and 
Eagle Creek NFH are not expected to adversely affect the LCR Chinook Salmon ESU 
because water withdrawal systems either meet NMFS criteria or are located above natural 
spawning areas for Chinook salmon.  At Carson NFH, the original intake on the Wind 
River (upstream of the hatchery) did not meet NMFS criteria, and has not been used over 
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the last seven years.  The USFWS will take actions to avoid using Wind River water until 
the intake is upgraded to NMFS criteria, and even then only in extreme drought 
conditions.  USFWS will consult with NMFS on proposed actions taken by the hatchery 
to avoid using Wind River water. 

Broodstock collection activities at the hatcheries listed above do not adversely affect 
LCR Chinook salmon because they do not use natural-origin fish, and operate during 
periods when listed Chinook salmon are not present.  Current mass marking of all tule 
production and the monitoring and evaluation activities will make it possible to better 
estimate the number of natural-origin fall Chinook salmon that enter Spring Creek NFH 
beginning in 2007.

The potential for genetic introgression resulting from naturally spawning hatchery-origin 
fish is limited to fall Chinook salmon releases from Spring Creek NFH and LWS NFH.  
As discussed above, Spring Creek NFH uses locally derived tule fall Chinook salmon and 
genetic testing will determine the identity of the natural spawners in local tributaries.  
Adverse genetic impacts may result from LWS NFH URB fall Chinook salmon that 
spawn naturally in the Bonneville Pool tributaries.  The URB fall Chinook salmon are 
from outside the ESU.  Natural spawning of fall Chinook salmon occurs in the remnant 
habitat in these tributaries, and genetic introgression is not thought to be a factor limiting 
viability and recovery because there is a temporal separation in spawning times between 
local tule and URB fall Chinook salmon (i.e., the fish do not spawn at the same time).  
The proposed monitoring and evaluation activities are expected to confirm the degree to 
which this separation exists.  

As described above, the potential for disease from the artificial propagation programs to 
be passed on to listed LCR Chinook salmon is very low because the diseases are already 
present in the natural populations, and thus hatchery fish are not expected to introduce 
new diseases in to the wild.  Furthermore, the disease management protocols used by the 
USFWS at these facilities limits the potential for the hatchery programs to contribute to 
adverse affects due to disease transfer or amplification.  

Competition and density dependent effects on listed LCR Chinook salmon from the 
artificial propagation program juvenile releases are expected to be limited due to the 
timing of the releases, the location of the releases below primary spawning areas, and the 
volitional release of actively migrating smolts.  As discussed above, monitoring activities 
at Eagle Creek NFH, Carson NFH, and Spring Creek NFH demonstrate that released 
salmon and steelhead juveniles move rapidly out of the system and down the Columbia 
River, thus minimizing the potential to interact with listed LCR Chinook salmon.  All of 
these hatchery reforms limit the potential for interactions between listed juvenile Chinook 
salmon and the fish released from these artificial propagation programs. 

Competition at the adult stage is a concern.  Stray LWS NFH URB fall Chinook salmon 
tend to spawn within the same limited habitat as listed LCR tule fall Chinook salmon, 
and, in doing so, can superimpose their redds on the earlier-timed naturally spawning tule 
fall Chinook salmon populations.  The USFWS is evaluating the operation of the ladder 
at LWS NFH during URB fall Chinook salmon broodstock collection activities.  
Operation of the ladder and trap is thought to greatly influence the level of straying by 
URB fall Chinook salmon.  The goal of the ladder operation in 2005 was to maximize 
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harvest opportunities by recreational and tribal fishers during the early part of the run, 
and then maximize the removal of adults before they stray into natural production areas.
Preliminary information in 2005, from radio-tagged hatchery URB fall Chinook salmon, 
indicates that straying was reduced compared to observations made in 2004 (Engle, et al.
2006), but final results of spawning ground surveys and analysis of CWT recoveries are 
still pending.  The results of the monitoring and evaluation activities will be part of a 
report by the USFWS that will evaluate ladder operations in which the ladder was always 
open (pre-2001), open for short periods (2001 to 2004), and the 2005 operations.  The 
report is expected to provide recommendations on harvest management and operational 
changes at the hatchery.  It is important that the potential for redd superimposition be 
minimized because the upper Gorge tributary population and the White Salmon 
population of the LCR Chinook salmon, though not considered primary populations 
(managed for lowest risk), have been identified as being essential to the recovery of the 
ESU because they represent key populations within the Gorge stratum (LCFRB 2004). 

Predation by salmon and steelhead released from the proposed artificial propagation 
programs on listed LCR Chinook salmon is expected to have little or no effect on the 
ESU, because hatchery actions, in this case involving the timing and locations of juvenile 
releases, have largely isolated hatchery-origin smolts from natural-origin juveniles.  Few 
natural-origin listed juveniles from the LCR Chinook Salmon ESU would be exposed to 
piscivory by the hatchery releases in the tributaries, and the proportion of hatchery fish in 
the run at large is relatively small.   

Residualism in steelhead and coho salmon may lead to predation on LCR Chinook 
salmon.  This effect could occur as a result of releases at Eagle Creek NFH.  However, 
because of hatchery reforms in rearing and volitional release strategies already 
implemented at the Eagle Creek NFH,  98 percent of the production emigrates 
volitionally downstream.  This means that approximately 641,900 steelhead and coho 
salmon smolts would actively migrate downstream.  Actively migrating smolts do not 
tend to residualize, thus limiting the potential for adverse interactions with listed Chinook 
salmon.  The remaining approximately 13,100 juveniles that might residualize each year 
do not pose a substantial risk to the estimated 23 million LCR subyearling fall Chinook 
salmon emigrating through the lower Columbia River, because they are spatially 
separated from outmigrating Chinook salmon.  Monitoring and evaluation activities in 
Eagle Creek are designed to determine the level of residualism from Eagle Creek NFH 
coho salmon and steelhead releases and the level of interaction with naturally produced 
salmon and steelhead. 

All of the programs addressed in this consultation that release Chinook salmon are 
designed to support commercial, tribal, and recreational fisheries.  All of the juvenile 
releases are now marked to allow for selective fisheries.  Selective fisheries allow for the 
retention of marked hatchery Chinook salmon while providing for the release of natural-
origin Chinook salmon.  Fall Chinook salmon have just begun to be externally mass 
marked (starting with the 2005 releases), so fisheries can be managed to target hatchery 
returns and healthy natural-origin stocks while achieving natural spawning and hatchery 
escapement goals.  Marking hatchery fish does not directly reduce harvest impacts but it 
does permit harvest management to more fully exploit the harvestable fish (that is, for a 
given incidental harvest impact, fisheries can be managed through selective techniques to 
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harvest more of the target fish) – harvest management impacts will continue to be 
considered in separate ESA consultations. 

LCR Chinook salmon are potentially impacted by masking effects as a result of Spring 
Creek NFH tule fall Chinook salmon releases that were not massed marked in the past. 
Based on appearance, unmarked hatchery tule fall Chinook salmon cannot be 
differentiated from natural-origin adults and thus the status of the natural population 
cannot be accurately estimated.  Beginning in 2005, all Spring Creek tule fall Chinook 
salmon releases were externally marked, which will allow identification of natural- and 
hatchery-origin adults when they return. 

The natural spawning of artificially propagated salmon and steelhead may provide a 
benefit to listed LCR Chinook salmon through nutrient cycling.  Currently, none of the 
programs outplant hatchery salmon carcasses to supplement nutrients in LCR Chinook 
salmon production areas.  While the nutrient enhancement from hatchery fish straying 
into natural areas is likely not at meaningful level, in the future, if disease concerns can 
be addressed and hatchery fish carcasses are available, nutrient supplementation should 
be considered. 

Monitoring and evaluation activities will intentionally take listed LCR Chinook salmon.  
However, the proposed level of take is small, the resulting adverse impact is negligible, 
and the information gained is necessary.  The activities would monitor the effects of the 
artificial propagation programs on natural-origin populations and help determine if 
measures to minimize effects on listed species are effective and if program changes need 
to be implemented.  Remember that the nine artificial propagation programs analyzed in 
this opinion are mitigation for the factors for the decline of salmon and steelhead and 
were not designed to supplement natural spawning or support the recovery of listed 
species.  However, in the future, the Spring Creek NFH program may be used for this 
purpose.  Monitoring and evaluation activities associated with the Spring Creek NFH will 
handle up to 5000 juvenile LCR Chinook salmon and 500 adult carcasses.  The adult 
carcasses will remain in the stream to provide nutrients and would have minimal or no 
effect on the population.  The take of juveniles will be minimized through combining 
research activities to collect the maximum amount of data from the fewest individuals.
The mortality from these activities is expected to be fewer than 100 juveniles from the 
White Salmon River.  This level of take is not expected to adversely impact the White 
Salmon Chinook salmon population because these 100 juveniles would result in very 
much less than the equivalent of one adult return and the majority of the juveniles 
affected are expected to be progeny of naturally spawning Spring Creek NFH tule fall 
Chinook salmon.  As with all research and monitoring and evaluation activities, NMFS 
and the USFWS will assess new information as it becomes available and determine 
whether reinitiation of consultation is warranted. 

The analysis in Section 4.2, reviewed above and summarized in Table 32, looked at the 
impacts of the proposed artificial propagation programs on LCR Chinook salmon in 
terms of the direct and indirect impacts of the various risks of the programs on individual 
salmon and salmon populations.  From this analysis it is clear that the impacts of hatchery 
operations, broodstock collection, disease, predation, residualism, masking, and nutrient 
cycling would result in minimal effects on only a few of the populations in the LCR 
Chinook Salmon ESU.  The analysis above and in section 4.2 did show that the LCR 
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Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 175

Chinook Salmon ESU may be affected by genetic introgression, competition, fisheries, 
and monitoring and evaluation activities.  Genetic introgression and competition effects 
arise from hatchery program Chinook salmon spawning naturally.  Evaluation activities 
at the Spring Creek and LWS NFHs are providing data on operational changes and 
providing insight on activities that will further minimize these effects.  These effects are 
limited to two populations within the Gorge stratum of the LCR Chinook Salmon ESU.  
The tule fall Chinook salmon production does support fisheries that can also take natural-
origin fall Chinook salmon.  The effects of this take are analyzed in separate ESA 
consultations for ocean and mainstem fisheries and harvest managers are currently 
reevaluating exploitation rates and harvest strategies to ensure that fall Chinook salmon 
fisheries provide for the survival and recovery of the listed ESUs.  Monitoring and 
evaluation activities - the collection of juveniles necessary to evaluate potential impacts 
from genetic introgression, have a very small impact on LCR Chinook salmon in these 
populations.  NMFS and the USFWS will continue to closely monitor the operation of the 
LWS NFH Upriver Bright Fall Chinook salmon program to determine the efficacy of 
operational actions on minimizing competition with the upper gorge and White Salmon 
River populations of the LCR Chinook Salmon ESU.    

Because all impacts on listed LCR Chinook salmon cannot be completely eliminated, 
there will always be the potential for hatchery programs to negatively impact natural-
origin fish.  Table 32 lists the potential impacts of the proposed artificial propagation 
programs on listed LCR Chinook salmon.  Those programs that “may negatively impact” 
are addressing these impacts through measures put in place to minimize the impacts (see 
discussion above), though it is uncertain if the negative impacts can be completely 
eliminated.  NMFS has determined that these potential negative impacts on natural-origin 
LCR Chinook salmon have been adequately minimized through the proposed actions, that 
these impacts will not rise to the level of a serious adverse effect on the ESU, and that 
these effects are being monitored to determine if further action is needed.  The analysis 
above has considered recovery planning documentation, and the potential effects of the 
proposed propagation programs on LCR Chinook salmon populations, combined with 
other ongoing activities within the Action Area, and determined that the proposed 
artificial propagation programs will not appreciably reduce the likelihood of survival and 
recovery in the wild by reducing the reproduction, number, or distribution of the LCR 
Chinook Salmon ESU. 
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UWR Spring Chinook Salmon 
The impacts of the proposed propagation activities described in section 4.2 are generally not 
expected to appreciably reduce the likelihood of survival and recovery in the wild by reducing 
the reproduction, number, or distribution of the UWR Spring Chinook Salmon ESU.  The 
programs that have the greatest potential to impact this ESU are the Eagle Creek NFH 
programs, which are the only ones that release fish within the UWR Spring Chinook Salmon 
ESU.

Overall, this consultation finds that hatchery reform actions have reduced known impacts on 
listed species (i.e., these hatchery programs are no longer a primary factor limiting listed 
species viability) and that additional actions, required by this consultation, promise to 
investigate and address potential effects.  These hatchery programs do a good job of isolating 
themselves from listed natural-origin fish. 

In the Clackamas River, 80 percent of the UWR spring Chinook salmon spawning and rearing 
habitat is above the North Fork Dam, upstream of Eagle Creek and the hatchery.  Potential 
interactions between UWR spring Chinook salmon and releases of coho salmon and winter 
steelhead from the Eagle Creek NFH occur in the lower Clackamas River.  These interactions 
can lead to competition and density dependent effects, and predation; none of the other 
general risks described in section 4.1 have more than minor effect on listed UWR spring 
Chinook salmon.  Competition and predation can occur between coho salmon and winter 
steelhead released from the Eagle Creek NFH and UWR spring Chinook salmon when these 
fish reach the mainstem Clackamas River and intermingle with other outmigrants.  
Residualism in Eagle Creek NFH releases can also increase the risk of predation. These 
effects are expected to be limited due to the timing of the releases, the location of the releases, 
and the volitional release of actively migrating smolts.  Past and ongoing monitoring activities 
at Eagle Creek NFH show that released coho salmon and steelhead move rapidly out of the 
system and down to the Columbia River.  Also, the peak in the UWR spring Chinook salmon 
spring outmigration, as measured at the North Fork Dam, occurs after the end of the volitional 
releases, thus further reducing the potential for interactions with listed UWR spring Chinook 
salmon.  All of these actions limit the potential for interactions between listed juvenile 
Chinook salmon and the production released from the artificial propagation programs. 

Coho salmon from Eagle Creek NFH are provided to ODFW and the U.S. Forest Service for 
nutrient enhancement, because of the absence or very low incidence of disease in this stock.  
These carcasses are outplanted into the Clackamas River basin in areas occupied by listed 
UWR spring Chinook salmon.  Stray hatchery adults from other programs can also provide 
marine derived nutrients and these do provide a benefit to the population though they do not 
meet historical levels of nutrient enhancement.  

Monitoring and evaluation activities below Eagle Creek NFH may take UWR spring Chinook 
salmon.  Snorkel surveys will be used to monitor downstream passage, residualism, and 
juvenile interactions, and are expected to observe/harass an estimated 500 listed UWR spring 
Chinook salmon juveniles.  Any adverse affects of this observation is expected to be non-
lethal, local, and transitory.  These activities will provide important data on species 
interactions and residualism rates that can be used to adjust hatchery management and address 
assumptions regarding predation, and competition/density-dependent effects of hatchery fish.
The proposed snorkel surveys to monitor juvenile hatchery and natural-origin fish will not 
have an adverse effect on the listed species.  As with all research and monitoring and 
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evaluation activities, NMFS and USFWS will assess new information as it becomes available 
and determine whether reinitiation of consultation is warranted. 

The analysis in Section 4.2, reviewed above and summarized in Table 33, looked at the 
impacts of the proposed artificial propagation programs on UWR spring Chinook salmon in 
terms of direct and indirect impacts of the various risks of the programs on individual salmon 
and salmon populations.  From this analysis it is clear that the impacts of hatchery operations, 
broodstock collection, genetic introgression, disease, fisheries, masking, and nutrient cycling 
would result in minimal effects on part of only one population with in the UWR spring 
Chinook salmon ESU.  The analysis above and in section 4.2 did show that the Clackamas 
River population may be affected by competition, predation, residualism and monitoring 
activities.  Competition and predation effects, increased by residualism, arise from 
interactions between listed spring Chinook salmon and juvenile coho salmon and winter  
steelhead released from Eagle Creek NFH.  These impacts would be limited to the mainstem 
Eagle Creek and the lower Clackamas River.  As described in the analysis, release timing, 
release location, and volitional release strategies all contribute to minimizing these potential 
impacts.  Furthermore, the USFWS is conducting monitoring and evaluation activities to 
confirm that impacts are being minimized.  The observation and collection of UWR spring 
Chinook salmon during the monitoring and evaluation activities are expected to have a very 
small impact on listed salmon of the Clackamas River population. 

Because all impacts on listed UWR spring Chinook salmon cannot be completely eliminated, 
there will always be the potential for hatchery programs to negatively impact natural-origin 
salmon and steelhead.  Table 33 lists the potential impacts of the proposed artificial 
propagation programs on listed UWR spring Chinook salmon.  Those programs that “may 
negatively impact” are addressing these impacts through measures put in place to minimize 
the impacts (see discussion above), though it is uncertain if the negative impacts can be 
completely eliminated.  NMFS has determined that these potential negative impacts on 
natural-origin UWR spring Chinook salmon have been adequately minimized through the 
proposed actions, that these impacts will not rise to the level of a serious adverse effect on the 
ESU, and that these effects are being monitored to determine if further action is needed.  The 
analysis above has considered recovery planning documentation, and the potential effects of 
the proposed propagation programs on UWR spring Chinook salmon populations, combined 
with other ongoing activities within the Action Area, and determined that the proposed 
artificial propagation programs will not appreciably reduce the likelihood of survival and 
recovery in the wild by reducing the reproduction, number, or distribution of the UWR Spring 
Chinook Salmon ESU. 
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LCR Steelhead 
The impacts of the proposed propagation activities described in section 4.2, are generally not 
expected to appreciably reduce the likelihood of survival and recovery in the wild by reducing 
the reproduction, number, or distribution of the LCR Steelhead DPS.  The Carson NFH spring 
Chinook salmon program, and the Eagle Creek NFH programs have the greatest potential to 
impact the LCR Steelhead DPS. 

Overall, this consultation finds that hatchery reform actions have reduced the occurrence and 
severity of known impacts on listed species (i.e., these hatchery programs are no longer a 
primary factor limiting listed species viability) and that additional actions, required by this 
consultation, are designed to investigate and address potential effects. 

In the past, hatchery operations at the Carson NFH may have affected LCR steelhead when 
conditions required water withdrawals from the Wind River.  The intake structure on the 
Wind River does not meet NMFS criteria and may entrain juvenile steelhead if operated.  At 
the same time, introduction of disease from Wind River water is a possible result of the use of 
this water source and thus limits the desirability of this water for rearing.  To reduce the 
potential take and disease introduction, production at Carson NFH has been reduced from 
previous levels, and the current level greatly reduces the need for additional water from the 
Wind River except in severe drought conditions.  Water withdrawal from the Wind River has 
not occurred for over 7 years (D. Olsen, USFWS, personal communication February 15, 
2007).  If severe drought conditions occur in the future, the USFWS will consult with NMFS 
on actions to be taken to avoid the use of Wind River water or to minimize the impacts from 
water withdrawal.  One possible actions that has been proposed is to use pumps with screens 
meeting NMFS criteria eliminating the potential for entrainment.

The intake structure for the Eagle Creek NFH is above an impassible natural barrier and does 
not impact listed steelhead. 

Broodstock collection activities at the hatcheries listed above do not adversely impact LCR 
steelhead because they are operated at times and locations that limit the handling of listed 
steelhead.  At the Eagle Creek NFH, returning steelhead adults enter the hatchery volitionally 
via the fish ladder below an electric weir.  The weir limits access to a small section of the 
river that passes through the hatchery complex below the natural barrier.  The weir is operated 
during broodstock collection activities for coho salmon from September through the end 
October and then beginning in December for winter steelhead.  Unmarked adult steelhead are 
very rare at the hatchery and, if encountered, are released immediately back into Eagle Creek 
below the weir.  At the Carson NFH, broodstock for the spring Chinook salmon program 
volunteer up the fish ladder and into the hatchery.  It is expected that fewer than 5 adult 
steelhead could be handled during sorting operations annually with no mortalities (only 3 
steelhead have entered the hatchery over the last 5 years; B. Thorsen, Carson NFH Manager, 
personal communication, March 3, 2004).

The Eagle Creek NFH steelhead program does a good job of isolating itself from listed 
natural-origin fish.  Genetic introgression as the result of releases from the Eagle Creek NFH 
steelhead program is expected to be minor if it occurs at all.  All hatchery-origin steelhead 
from Eagle Creek NFH are marked for easy external identification.  Eagle Creek NFH 
hatchery winter steelhead are not known to stray outside of the local area and are spatially 
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separated from natural spawning areas in the North Fork of Eagle Creek, and in the upper 
Clackamas watershed above North Fork Dam, where the majority of the natural spawning 
occurs.  There is also a temporal separation that limits genetic introgression though spawning 
time of hatchery-origin and natural-origin winter steelhead do over lap.  Production levels 
have also been reduced by 25 percent from past levels, further reducing the potential for 
genetic introgression.  Genetic sampling in 2000 indicated that Eagle Creek NFH steelhead 
have not introgressed with the natural late-run winter steelhead population (D. Campton, 
USFWS, personal communication, February 22, 2001).  Further monitoring and evaluation 
activities in Eagle Creek will collect additional genetic samples of natural-origin steelhead 
adults and juveniles to determine if hatchery and listed steelhead populations in Eagle Creek 
remain isolated from each other.  

The potential for disease to be passed on by the artificial propagation programs to listed LCR 
steelhead is very low due to the disease management protocols used by the USFWS at all of 
their facilities.  The potential introduction of disease from the release of program hatchery fish 
is also low due to the levels of disease already present in the natural populations.

Competition and density-dependent effects may negatively impact LCR steelhead due to the 
releases from the artificial propagation programs but these are expected to be limited due to 
the timing of the releases, the location of the releases, and the volitional release of activity 
migrating smolts.  Past and ongoing monitoring activities at Eagle Creek NFH and Carson 
NFH show that released salmon and steelhead move rapidly out of the system and down the 
Columbia River, thus minimizing the potential to interact with listed steelhead.  All of these 
actions limit the potential for interactions between listed juvenile steelhead and the fish 
released from the artificial propagation programs.   

Predation by salmon and steelhead released from the proposed artificial propagation programs 
may negatively impact listed LCR steelhead but is expected to be limited because of the 
timing of releases such that artificially propagated juveniles move downstream before the 
listed steelhead are present, the rapid movement of artificially propagated juveniles out of the 
tributary, and the location of the releases away from the primary natural production areas. 

Residualism in steelhead and coho salmon may lead to predation on LCR steelhead.  
Residualism is minimized at the Eagle Creek NFH through rearing and volitional release 
strategies that lead to 98 percent of the production emigrating volitionally downstream.
Actively migrating smolts do not tend to residualize, thus limiting the potential for adverse 
interactions with listed steelhead.  The 2 percent that do not volitionally emigrate may 
residualize in Eagle Creek and the lower Clackamas River.  The proposed monitoring and 
evaluation activities in Eagle Creek are designed to determine the fate of the Eagle Creek 
NFH coho salmon and steelhead releases, the level of interaction with naturally produced 
winter steelhead, and to provide data to adaptively manage the hatchery program to minimize 
impacts on natural-origin steelhead. 

The steelhead program at Eagle Creek NFH is designed to support recreational fisheries in the 
Clackamas River and Willamette River basins.  To limit impacts from recreational fisheries 
on listed LCR steelhead, all hatchery releases of steelhead are 100 percent externally marked 
to allow for selective fisheries.  Selective fisheries allow for the retention of marked hatchery 
steelhead while providing for the live release of natural-origin steelhead.  Harvest impacts on 
LCR steelhead are managed under approved Fisheries Management and Evaluation Plans 
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(NMFS 2003b).  Under the FMEP for LCR steelhead, impacts on Clackamas River winter 
steelhead from the selective fisheries are estimated to result in the mortalities of fewer than 
2.5 percent of the natural-origin population annually.

LCR steelhead monitoring efforts are not impaired by masking effects because all of the 
steelhead released from the Eagle Creek NFH are externally marked to allow for identification 
when encountered at traps and on the spawning grounds. 

Surplus coho salmon from Eagle Creek NFH are provided to ODFW and the U.S. Forest 
Service for nutrient enhancement, because of the absence or very low incidence of disease in 
this stock.  These carcasses are outplanted in the Clackamas River basin in areas occupied by 
listed LCR steelhead.  Hatchery adults from other programs not included in this opinion can 
provide marine derived nutrients that may benefit LCR steelhead populations. 

Research activities at Eagle Creek NFH will focus on both steelhead and coho salmon 
production.  These activities are expected to trap, handle, mark, and tissue sample up to 50 
natural-origin adult winter steelhead as part of the adult movement evaluation and for genetic 
assessment.  The expected incidental lethal take is fewer than 5 adults.  Samples will be 
collected from adults and used as part of the genetic analysis along with samples collected 
from juvenile steelhead collected during a separate study measuring the incidence of disease 
in naturally produced fish.  Past adult trapping activities at the lower fish ladder in Eagle 
Creek handled 88 natural-origin late-run winter steelhead during the period from April to June 
2000.  The number of natural-origin late-run winter steelhead trapped during the proposed 
research activities will be fewer because trapping will be targeting hatchery winter steelhead, 
which return from November to April.  Natural-origin late-run winter steelhead returning in 
May and June will not be sampled, reducing the potential number of natural-origin steelhead 
handled.  Past trapping activities at the lower ladder resulted in two observed natural-origin 
adult steelhead mortalities; the estimated level of impact of the proposed action is expected to 
be fewer than 2 natural-origin adult mortalities which is approximately 0.15 percent of the 
recent average counts over the North Fork Dam.  The proposed genetic assessment is being 
done in order to determine if genetic introgression of the naturally spawning late winter 
steelhead by hatchery steelhead has occurred.  

Snorkel surveys will be used to monitor downstream passage, residualism, and juvenile 
interactions and are expected to observe/harass an estimated 1,000 listed LCR steelhead 
juveniles.  These activities will provide important data on species interactions and residualism 
rates that can be used to adjust hatchery operations and address assumptions regarding 
predation and competition/density dependent effects of hatchery fish.  The snorkel surveys 
proposed to monitor juvenile hatchery and natural-origin fish will not have an adverse effect 
on the listed species.  As with all research and monitoring and evaluation activities, NMFS 
and USFWS will assess new information as it becomes available and determine whether 
reinitiation of consultation is warranted. 

The analysis in Section 4.2, reviewed above and summarized in Table 34, looked at the 
impacts of the proposed artificial propagation programs on LCR steelhead in terms of direct 
and indirect impacts of the various risks of the programs on individual steelhead and steelhead 
populations.  From this analysis, it is clear that impacts from hatchery operations, disease, 
masking, and nutrient cycling would result in minimal effects on the LCR steelhead 
populations in the Clackamas River and Wind River.  The analysis above and in section 4.2 
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did show that these populations may be affected by broodstock collection, genetic 
introgression, competition, predation, residualism, fisheries, and monitoring activities.  
Broodstock collection activities at Eagle Creek NFH may handle listed winter steelhead that 
volunteer into the hatchery, but only 3 adults have been handled in the last 5 years so impacts 
on the population and DPS as a whole are considered to be minimal.  Genetic introgression 
and some competition effects can arise from hatchery fish spawning naturally but this is 
considered to be minor because of  temporal and spatial separation of hatchery and natural 
origin and Eagle Creek NFH winter steelhead.  Competition and predation effects, increased 
by residualism, arise from interactions between listed steelhead and hatchery releases from 
Carson and Eagle Creek NFHs.  These impacts would be limited to the mainstem Eagle 
Creek, lower Clackamas River, and the lower Wind River.  As described in the analysis, 
release timing, release location, and volitional release strategies all contribute to minimizing 
these potential impacts.  Furthermore, the USFWS is conducting additional monitoring and 
evaluation activities in Eagle Creek to confirm that programs are isolated and impacts are low.  
The release of hatchery steelhead from Eagle Creek NFH provides for recreational fisheries 
that incidentally take listed steelhead.  The take of LCR steelhead in the fisheries is low, with 
less than 2.5 percent taken annually in the tributary fisheries.  Monitoring and evaluation 
activities have a very small impact on LCR steelhead in Eagle Creek from the collection of 
adults and juveniles necessary to evaluate potential impacts from genetic introgression, and 
from the observation of juveniles to determine levels of interaction between listed and 
hatchery fish.

Because all impacts on listed LCR steelhead cannot be completely eliminated, there will 
always be the potential for hatchery programs to negatively impact natural-origin salmon and 
steelhead.  Table 34 lists the potential impacts of the proposed artificial propagation programs 
on listed LCR steelhead.  Those programs that “may negatively impact” are addressing these 
impacts through measures put in place to minimize the impacts (see discussion above), though 
it is uncertain if the negative impacts can be completely eliminated.  NMFS has determined 
that these potential negative impacts on natural-origin LCR steelhead have been adequately 
minimized through the proposed actions, that these impacts will not rise to the level of a 
serious adverse effect on the DPS, and that these effects are being monitored to determine if 
further action is needed.  The analysis above has considered recovery planning documentation 
and the potential effects of the proposed propagation programs on LCR steelhead populations, 
combined with other ongoing activities within the Action Area, and determined that the 
proposed artificial propagation programs will not appreciably reduce the likelihood of 
survival and recovery in the wild by reducing the reproduction, number, or distribution of the 
LCR Steelhead DPS. 
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MCR Steelhead
The impacts of the proposed propagation activities described in section 4.2 are generally not 
expected to appreciably reduce the likelihood of survival and recovery in the wild by reducing 
the reproduction, number, or distribution of the MCR Steelhead DPS.  The programs that have 
the greatest potential to affect MCR steelhead are the Warm Springs NFH spring Chinook 
salmon program and the Walla Walla River summer steelhead program.  As stated in the 
status of the species, section 2 above, MCR steelhead habitat is very limited in the White 
Salmon River and non-existent in the Little White Salmon River below the LWS NFH, and 
thus the potential for interactions between releases from LWS NFH and Spring Creek NFH 
programs are not expected to adversely affect listed MCR steelhead from these areas.   

Overall, this consultation finds that hatchery reform actions have reduced known impacts on 
listed species (i.e., these hatchery programs are no longer a primary factor limiting listed 
species viability) and that additional actions, required by this consultation, promise to 
investigate and address potential effects. 

Hatchery operations at the Dayton Ponds Acclimation site and the Warm Springs NFH are not 
expected to impact listed MCR steelhead.  The intake screens at the Dayton facility meet 
NMFS criteria.  The screens at the Warm Springs NFH meet the criteria with improvements 
completed in 2005. 

Broodstock collection for the Warm Springs NFH spring Chinook salmon program uses an 
automated fish passage system at the hatchery.  A video system is in place to monitor fish 
passing upstream of the hatchery.  The automated system is not operated if too many hatchery 
spring Chinook salmon pass upstream or if hatchery steelhead begin passing upstream, when 
this occurs fish are trapped and sorted manually.  The goal is to prevent hatchery steelhead 
from spawning in the basin above the hatchery.  This action creates a refuge area for natural-
origin MCR steelhead in the upper Warm Springs River basin.  The sorting and removal of 
hatchery steelhead has worked in reducing the number of potential out-of-basin hatchery 
steelhead escaping into the upper Warm Springs River.  Stray hatchery steelhead collected at 
the Warm Springs NFH trap has recently averaged 478 adults out of an average total 
escapement of 987 natural-origin and hatchery steelhead (Hand and Olsen 2003).

Incidental take of MCR steelhead occurs during the manual sorting of fish in the fish ladder at 
Warm Springs NFH.  Take would occur as a result of delay in migration timing, stress 
associated with handling, or misidentification resulting in the taking of natural-origin 
steelhead.  Hatchery personnel attempt to minimize handling stress on fish by following the 
appropriate fish handling guidelines.  Take of MCR steelhead as a result of the fish barrier 
dam, fish ladder, and hatchery sorting procedures has been minimal.  Three unmarked adult 
steelhead were accidentally killed in 1998.  No other mortality of unmarked adult steelhead at 
the hatchery has been recorded since 1995.

As described in the proposed actions, broodstock for the summer steelhead that are released 
into the Walla Walla River basin are collected at the Lyons Ferry Hatchery and the impacts of 
these artificial propagation activities on listed species will be addressed in a separate 
consultation.
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The Warm Springs NFH program does provide a genetic benefit to MCR steelhead in the 
Warm Springs River by removing hatchery steelhead and providing a natural-origin fish 
refuge in the river basin above the hatchery.  The removal of known hatchery steelhead has 
prevented the potentially damaging genetic introgression of steelhead from outside the basin 
and from outside the ESU. 

The primary concern with the release of LFH summer steelhead into the Touchet and Walla 
Walla Rivers is the potential for genetic introgression from hatchery-produced steelhead 
adults that return to spawn naturally.  LFH summer steelhead have been observed escaping to 
spawning areas in the Touchet River and the South Fork Walla Walla River basin at levels 
that exceed the less-than-5 percent non-local spawner goal.  At the Yellowhawk Creek trap (in 
Washington near release location) hatchery steelhead have comprised from 0 to 60 percent of 
the fish collected (note that these are very small sample sizes – e.g., the 60 percent equals 6 
out of 10 fish collected (WDFW 2003b).  In the South Fork Walla Walla River in Oregon, the 
number of hatchery summer steelhead sampled at the Nursery Bridge Trap has averaged less 
than 3 percent of the total return to the trap, though in some years it has ranged as high as 7.2 
percent.

The high levels of LFH summer steelhead in the Touchet River basin has led to the 
development of an endemic broodstock program in the basin.  The endemic broodstock 
program and the better-than-expected smolt-to-adult survival for LFH summer steelhead, has 
led to reductions in the number of LFH steelhead released in the Touchet River and Walla 
Walla River basins from 125,000 to 85,000 and 170,000 to 100,000 smolts, respectively.  
Release locations have also changed, with the elimination of releases into Mill Creek on the 
Walla Walla River and the continuation of acclimation of LFH summer steelhead releases at 
the Dayton Acclimation Pond.  The Dayton Pond and Walla Walla River release locations are 
downstream of the primary spawning and rearing areas for naturally produced summer 
steelhead.

All LFH summer steelhead produced by the program are adipose fin-clipped to allow for 
selective fisheries in the Walla Walla River mainstem and in tributary recreational fisheries.  
High harvest rates for these programs will reduce the number of hatchery adults that could 
contribute to the naturally spawning populations.  These harvest rates are implemented in a 
manner intended to protect natural-origin fish, as discussed below.  Improvements to the fish 
ladder and trap at the Dayton Diversion Dam will also improve monitoring and evaluation 
activities, broodstock collection, and the removal of LFH summer steelhead from the 
population.  This will further reduce the potential for introgression.  An adult trap in Coppei 
Creek (which enters the Touchet River below the Dayton Acclimation Pond release site) will 
be operated to determine the composition of adults returning to this tributary (redds have been 
observed).  It is unknown if LFH summer steelhead enter this tributary.

Even with the large releases of LFH summer steelhead in the past, genetic introgression with 
MCR steelhead has not been observed in the Touchet and Walla Walla Rivers.  Genetic 
samples collected in the Touchet and Walla Walla basins showed that there are still genetic 
differences between the natural and hatchery-origin summer steelhead (Bumgarner et al.
2003).  The continued releases of LFH summer steelhead at current levels have reduced 
impacts on listed summer steelhead compared to those in the past, but NMFS continues to 
support the current efforts to develop endemic broodstock programs to replace all releases of 
the non-ESU stock LFH summer steelhead in the Walla Walla River Basin.  Doing this will 
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further reduce the adverse affect of genetic introgression, potentially provide a conservation 
benefit, and still provide summer steelhead for fisheries to meet mitigation goals. 

The potential for disease to be passed on by the artificial propagation programs to listed LCR 
steelhead is very low, due to the disease management protocols used by the USFWS and 
WDFW at all of their facilities.  The potential introduction of disease from the release of 
program hatchery fish is also low due to the levels of disease already present in the natural 
populations.  Disease impacts on Touchet or Walla Walla River salmonids are minimized by 
preventing releases of diseased steelhead from LFH.  LFH summer steelhead are relatively 
disease-free, as reflected by the low mortality that occurs during rearing.  No transfers of 
steelhead juveniles with known clinical infections or infestations have been made to the 
Touchet or Walla Walla Rivers from LFH. 

The fall release of spring Chinook salmon from the Warm Springs NFH has the greatest 
potential for competition with juvenile MCR steelhead in the lower Warm Springs River and 
the mainstem Deschutes River.  Approximately 10 percent of the hatchery production is 
volitionally released as age 0+ sub-yearlings in the fall, mimicking one component of the 
natural-origin fish juvenile migration pattern from the Warm Springs River.  The remaining 
90 percent of hatchery fish are released as yearlings in the spring, from late March through 
April.  The goal in the spring is to release functional smolts that quickly migrate to the ocean.
Most fish released in the spring reach the estuary within three to four weeks, and are therefore 
not likely to compete with juvenile steelhead during the outmigration.  The behavior of fish 
released in the fall is not clear.  Scale analysis of adult returns indicate that most fall-released 
fish that ultimately survive to adulthood over-winter in fresh water before migrating to the 
ocean the following spring.  A radio telemetry study showed that 65 percent of the radio-
tagged hatchery fish that were released in late October remained in the Deschutes River until 
the study ended in January.  The USFWS and USGS continue to study the migration behavior 
of fall-released fish (USFWS 2004h).  Interactions and competition between juvenile spring 
Chinook salmon and listed steelhead are likely minor because juvenile steelhead and spring 
Chinook salmon evolved sympatrically to use different instream habitats.   

Releases of LFH summer steelhead into the Walla Walla and Touchet Rivers are at sizes and 
condition that support rapid downstream migration.  Releases of LFH summer steelhead occur 
in the lower basins of the Walla Walla and Touchet Rivers in areas below the primary 
production areas for listed MCR steelhead, limiting the potential for competition between 
hatchery-origin fish and natural-origin fish. 

The fall-released spring Chinook salmon rear longer in the Deschutes River than spring-
released juveniles, increasing the potential for predation on juvenile steelhead, though the size 
of the fall release averages about 136mm, which would limit the potential impacts on only 
summer steelhead fry in the lower Warm Springs River and Deschutes River mainstem.  
Impacts are limited because spring Chinook salmon smolt outmigration occurs at the same 
time as summer steelhead spawning, limiting the potential for Chinook salmon to prey on 
summer steelhead fry as the Chinook salmon are largely out of the system before the 
steelhead emerge from the gravel. 

Releases of LFH summer steelhead into the Touchet and Walla Walla Rivers are at sizes and 
condition that support rapid downstream migration.  Releases of LFH summer steelhead occur 
in the lower basins of the Touchet and Walla Walla Rivers below the primary production 
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areas for listed MCR steelhead.  Relative size differential between proposed hatchery 
steelhead smolts (210mm and 4.5 fish/lb.) and natural-origin steelhead smolts (130-200mm) is 
expected to preclude any predator/prey interaction among migrating fish.  The timing of 
hatchery steelhead smolt releases in the Touchet and Walla Walla Rivers (mid-April) and the 
limited distribution of naturally spawning steelhead in the lower mainstem Touchet and Walla 
Walla migration corridors limits the potential for predation.  Impacts are limited because 
hatchery smolt outmigration occurs at the same time as summer steelhead spawning, limiting 
the potential for hatchery steelhead to prey on summer steelhead fry. 

In the Walla Walla and Touchet Rivers, a varying percentage of hatchery steelhead do not 
migrate from the system by June 15 and are considered to be residuals.  The proportion of the 
hatchery smolts that residualize in the Touchet and Walla Walla Rivers ranges from 3 to 31 
percent.  Analysis in other basins has shown low levels of predation on salmonids by 
residualized steelhead (approximately 1.2 percent (Whitesel et al. 1993)).  The studies show 
that residual steelhead generally have low rates of predation on other salmonids.  Potential 
impacts from residualized hatchery steelhead in the Touchet and Walla Walla Rivers are 
further reduced by the release locations being below the primary spawning and rearing habitat 
in the Walla Walla River basin and by the fact that the habitat below the release sites is poor 
and does not support summer rearing.  These actions result in little or no interactions with 
natural-origin juveniles, and poor survival of residualized hatchery steelhead. 

These hatchery programs are designed as mitigation to support tribal and recreational fishing 
opportunity, and hatchery-origin fish are not intended to spawn naturally.  All recreational 
fisheries within the region are selective for hatchery-reared fish and require release of natural-
origin summer steelhead.  As described earlier, FMEPs have been prepared for tributary 
fisheries in the area where MCR steelhead are present, and are currently being reviewed by 
NMFS.  The FMEPs estimate that impacts on listed natural-origin steelhead from the tributary 
fisheries targeting surplus hatchery-origin steelhead in the Walla Walla River basin is less 
than 5 percent of the summer steelhead handled in the fisheries or approximately 20 adults 
(WDFW 2003b).  Current fishing regulations in the Touchet and Walla Walla Rivers have 
been set to reduce the incidental mortality of natural fish in the catch by requiring barbless 
hooks and other measures.  The use of barbless hooks promotes a safer, less stressful release 
of natural-origin fish in the fishery targeting marked hatchery fish.  In Oregon, the Walla 
Walla is only open to steelhead fishing from the Washington border to the confluence of the 
South and North Forks, a distance of about 10 miles. These actions work in concert with 
focused fishing effort on surplus hatchery-origin fish to minimize spawning escapement of 
LFH summer steelhead into the Touchet and Walla Walla Rivers and nearby tributaries while 
minimizing impacts on listed steelhead.  Again, detailed analysis of the proposed fisheries and 
resultant decisions on their authorization will take place in a separate analysis. 

The Warm Springs NFH spring Chinook salmon program supports tribal and recreational 
fisheries in the Deschutes River targeting marked hatchery spring Chinook salmon.  The 
spring Chinook salmon fishery is closed unless returns are sufficient to allow for a fishery.
The recreational fishery for spring Chinook salmon and for hatchery steelhead are included in 
the FMEP for the Deschutes River basin that has been submitted to NMFS.  The fishery 
targeting hatchery spring Chinook salmon is limited to a three-mile section of the river below 
Sherars Falls where bait is allowed during the spring Chinook salmon season.  Listed MCR 
steelhead may be taken during this fishery but impacts are very low due to the timing of this 
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fishery, generally from mid-April to mid-June when adult steelhead are just beginning to 
show in the system.   

MCR steelhead monitoring efforts are not impaired by masking effects because all of the 
steelhead released from the LFH are externally marked to allow for identification when 
encountered in the fisheries, at traps, and on the spawning grounds. 

Nutrient supplementation is currently limited to the outplanting of spawned out spring 
Chinook salmon from the Warm Springs NFH, though natural spawning salmon from other 
hatchery programs may also provide nutrient cycling into MCR steelhead habitat.  Spring 
Chinook salmon carcasses are evaluated for disease and treated (eviscerated and heat-baked) 
before being outplanted into the upper Warm Springs River and Shitike Creek. 

Monitoring and evaluation activities for the Warm Springs NFH have the potential to 
observe/harass 1,100 MCR steelhead adults during planned spawning, and snorkel surveys.
An additional 1,100 adults could be handled during trapping operations at the Warm Springs 
NFH and at the weir in Shitike Creek.  The Warm Springs NFH trap is operated to collect 
broodstock, monitor passage, and to remove marked hatchery steelhead.  Up to 1,000 
(generally 100-500) listed steelhead to be handled during these operations.  Adult mortalities 
associated with the sorting and removal of hatchery steelhead at the Warm Springs NFH and 
the other activities, based on past experience, are expected to be very few.  If the current 
mortality rate of <0.7 percent of the unmarked steelhead handled is applied (USFWS 2004h), 
then fewer than 10 adults might be killed annually as a result of all these activities combined.
The ten adults are out of an assumed maximum return of 1,000 natural-origin adults to the 
Warm Springs River, and can be compared to an average return above Sherars’ Falls of 2,000 
natural-origin adults.  The sampling activities are important in order to determine if hatchery 
summer steelhead and spring Chinook salmon reintroduction are adversely affecting summer 
steelhead in Shitike Creek.  

The proposed monitoring and evaluation activities have the potential to take over 17,000 
listed juvenile steelhead/rainbow trout in the Deschutes River Basin.  Snorkel surveys may 
observe at least 1,000 juvenile steelhead, take would be in the form of mild or transitory 
harassment, with no mortalities expected.  Trap operations would handle up to 16,000 
steelhead juveniles.  Up to 500 juvenile steelhead will be captured and marked with a dye as 
part of a mark/recapture study to estimate abundance in Shitike Creek.  These activities are 
needed in order to determine if the reintroduction of spring Chinook salmon into Shitike 
Creek is adversely affecting the abundance and productivity of listed summer steelhead in the 
basin.  The results of these research efforts could be applied to designing future reintroduction 
efforts in other basins.

The potential lethal take of 110 juvenile MCR steelhead as a result of the monitoring and 
evaluation activities is not expected to have an adverse effect on the populations in the 
Deschutes River basin or the MCR Steelhead DPS as a whole.  In 2004, NMFS developed a 
conservative estimate that 65,160 natural-origin juvenile MCR steelhead would enter the 
Columbia River between the John Day and The Dalles Dams (Furguson 2004).  These would 
primarily be from the Deschutes River since it is the only major tributary to this pool.  The 
estimated lethal take from the proposed monitoring and evaluation activities is 0.17 percent of 
the natural-origin out migration.  As with all research and monitoring and evaluation 
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activities, NMFS and the USFWS will assess new information as it becomes available and 
determine whether reinitiation of consultation is warranted. 

The analysis in Section 4.2, reviewed above and summarized in Table 35, looked at the 
impacts of the proposed artificial propagation programs on MCR steelhead in terms of direct 
and indirect impacts of the various risks of the programs on individual steelhead and steelhead 
populations.  From this analysis, it is clear that the impacts from hatchery operations, disease, 
masking, and nutrient cycling would result in minimal effects on the MCR steelhead 
populations in the Deschutes, Walla Walla, and Touchet Rivers.  The analysis above and in 
section 4.2 did show that these populations may be affected by broodstock collection, genetic 
introgression, competition, predation, residualism, fisheries, and monitoring activities.  
Competition and predation effects, increased by residualism, arise from interactions between 
listed steelhead and hatchery releases from the LFH Hatchery and the Warm Springs NFH.  
These impacts would be limited to the mainstem Warm Springs River, lower Deschutes River, 
and the lower Walla Walla and Touchet Rivers.  As described in the analysis, release timing, 
release location, and volitional release strategies all contribute to isolating hatchery-origin and 
natural-origin fish and minimizing these potential impacts.  The effect of competition between 
fall migrant spring Chinook salmon from the Warm Springs NFH and juvenile steelhead in 
the lower Deschutes River is unknown but is expected to be minor due to habitat partitioning, 
and the abundance of habitat in the mainstem Deschutes River.  The operation of the fish trap 
at the Warm Springs NFH during broodstock collection and to remove hatchery-origin 
steelhead provides a natural-origin steelhead refuge in the Warm Springs River above the 
hatchery, and removes hatchery steelhead that could potential spawn in other parts of the 
Deschutes River basin.  The collection and marking of steelhead during monitoring and 
evaluation activities, as described above, are expected to have a very small impact on MCR 
steelhead in Deschutes River.  The data collected during these activities are necessary to 
determine the status of the populations in the Deschutes River, and to monitor the effects of 
the hatchery programs in the basin.   

There is a potential for genetic introgression of LFH steelhead into the Touchet and Walla 
Walla River populations.  The proportion of hatchery steelhead above Dayton Ponds has 
exceeded the no-more-than 5 percent out-of-basin spawners goal in the past, but 
improvements at the Dayton Trap, and reductions in the number of hatchery steelhead 
released, is expected to reduce the proportion of hatchery strays to less than 5 percent in the 
Touchet and Walla Walla populations.  Competition and predation from residualized hatchery 
juveniles could potentially impact listed steelhead in the Walla Walla and Touchet Rivers, but 
measures have been implemented, as described above, to minimize these interactions.  The 
releases of hatchery steelhead into the Touchet and Walla Walla Rivers provide for 
recreational fisheries that incidentally take listed MCR steelhead.  The take of MCR steelhead 
in these fisheries was found to be low, less than a 5 percent impact for all tributary fisheries.
Fisheries targeting spring Chinook salmon in the Deschutes River, when they are open, occur 
when natural-origin steelhead adults are just beginning to return and has little or no impact of 
listed MCR steelhead.  Monitoring and evaluation actions in the Walla Walla River Basin that 
are ongoing (i.e., Contor and Sexton 2003) are expected to inform whether further actions to 
reduce the natural spawning of hatchery-origin summer steelhead is necessary.   

Because all impacts on listed MCR steelhead cannot be completely eliminated, there will 
always be the potential for hatchery programs to negatively impact natural-origin salmon and 
steelhead.  Table 35 lists the potential impacts of the proposed artificial propagation programs 
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on listed MCR steelhead.  Those programs that “may negatively impact” are addressing these 
impacts through measures put in place to minimize the impacts (see discussion above), though 
it is uncertain if the negative impacts can be completely eliminated.  NMFS has determined 
that these potential negative impacts on natural-origin MCR steelhead have been adequately 
minimized through the proposed actions, that these impacts will not rise to the level of a 
serious adverse effect on the DPS, and that these effects are being monitored to determine if 
further action is needed.  The analysis above, has considered  recovery planning documents 
and the potential effects of the proposed propagation programs on MCR steelhead 
populations, combined with other ongoing activities within the Action Area, and determined 
that the proposed artificial propagation programs will not appreciably reduce the likelihood of 
survival and recovery in the wild by reducing the reproduction, number, or distribution of the 
MCR Steelhead DPS. 
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CR Chum Salmon ESU 
The proposed propagation activities described in section 4.2 are generally not expected to 
appreciably reduce the likelihood of survival and recovery in the wild by reducing the 
reproduction, number, or distribution of the CR Chum Salmon ESU.  Programs that have the 
most potential to affect the CR Chum Salmon ESU are programs at the LWS NFH Complex, 
Carson NFH, Spring Creek NFH, and Eagle Creek NFH. 

Overall, this consultation finds that hatchery reform actions have reduced known impacts on 
listed species (i.e., these hatchery programs are no longer a primary factor limiting listed 
species viability) and that additional actions, required by this consultation, promise to 
investigate and address potential effects. 

The programs listed above might impact the CR Chum Salmon ESU through potential 
competition/density-dependent and predation effects and from monitoring and evaluation 
activities; the risks from hatchery operations, broodstock collection, genetic introgression, 
disease, residualism, fisheries, masking, and nutrient cycling associated with the artificial 
propagation programs do not apply with respect to CR chum salmon in a measurable way as 
discussed above in section 4.2. 

The USFWS has proposed a monitoring and evaluation program to address the straying of 
URB fall Chinook salmon from the LWS NFH.  The results of this research and continued 
CWT marking of program URB fall Chinook salmon will assist in determining if LWS NFH 
Complex URB fall Chinook salmon are contributing to the natural spawning populations 
below Bonneville Dam, where competition with chum salmon for spawning sites is a concern.  
Chum salmon spawning does occur later than URB fall Chinook salmon, providing some 
temporal separation, and water management also favors chum salmon spawning over fall 
Chinook salmon spawning.

The LWS NFH Complex, Carson NFH, and Spring Creek NFH all release salmon that 
migrate past one of the primary spawning areas for CR chum salmon below Bonneville Dam.  
Potential interactions between these groups are reduced due to the timing of releases from 
most of the programs and the release of actively migrating smolts.  Based on life history traits, 
it is expected that most of the chum salmon fry emerging in early to late-March would have 
emigrated from the natural production areas before the mid-April releases of larger hatchery 
coho salmon and spring Chinook salmon from the LWS NFH Complex and Carson NFH.  
The potential for the LWS NFH Complex smolts to prey on emerging chum salmon fry would 
not be expected to be at high levels, and have been further reduced by the elimination of coho 
salmon releases from the LWS NFH Complex.  The mid-June release date for URB fall 
Chinook salmon from the LWS NFH Complex and the small size of these fish at release (90 
fish/lb.; < 60mm TL) would preclude predation on chum salmon.  Stray hatchery adults from 
this program may provide marine-derived nutrients that may benefit CR chum salmon. 

Releases from Eagle Creek NFH are not expected to measurably interact with CR chum 
salmon in Eagle Creek or in the Clackamas River.  Chum salmon have not been observed in 
the Clackamas River basin.  

Monitoring and evaluation activities have the potential to handle CR chum salmon during 
activities in the White Salmon River.  During juvenile sampling, chum salmon, if present, 

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 226 of 1903

1-SER-253

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 253 of 300
(257 of 992)



Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 198

could be sampled.  Chum salmon are very rare in the White Salmon River, with spawners 
being observed only once in recent years (LCFRB 2004). 

The analysis in Section 4.2, reviewed above and summarize in Table 36, looked at the impacts 
of the proposed artificial propagation programs on CR chum salmon in terms of direct and 
indirect impacts of the various risks of the programs on individual salmon and salmon 
populations.  From this analysis, it is clear that the impacts of hatchery operations, broodstock 
collection. genetic introgression, disease, predation, residualism, fisheries, masking, and 
nutrient cycling would result in no or minimal effects on the CR chum salmon populations in 
the Ives Island area, upper Gorge area, and the Clackamas River.  The analysis above and in 
section 4.2 did show that these populations could be affected by competition and monitoring 
and evaluation activities.  Competition effects arise from the interactions between listed chum 
salmon and program hatchery releases as well as returning adults from the LWS NFH URB 
fall Chinook salmon program.  As described in the analysis, release timing, release location, 
and volitional release strategies all contribute to minimizing these potential impacts.  
Monitoring and evaluation activities might handle listed chum salmon, but chum salmon are 
very rare above Bonneville Dam and in the Clackamas River basin where these activities 
would occur.

Because all impacts on listed CR chum salmon cannot be completely eliminated, there will 
always be the potential for hatchery programs to negatively impact natural-origin fish.  Table 
36 lists the potential impacts of the proposed artificial propagation programs on listed CR 
chum salmon.  Those programs that “may negatively impact” are addressing these impacts 
through measures put in place to minimize the impacts (see discussion above), though it is 
uncertain if the negative impacts can be completely eliminated.  NMFS has determined that 
these potential negative impacts on natural-origin CR chum salmon have been adequately 
minimized through the proposed actions, that these impacts will not rise to the level of a 
serious adverse effect on the ESU, and that these effects are being monitored to determine if 
further action is needed.   The analysis above has considered recovery planning documents 
and  the potential effects of the proposed propagation programs on CR chum salmon 
populations, combined with other ongoing activities within the Action Area, and determined 
that the proposed artificial propagation programs will not appreciably reduce the likelihood of 
survival and recovery in the wild by reducing the reproduction, number, or distribution of the 
CR Chum Salmon ESU. 
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LCR Coho Salmon ESU
As described in section 4.2, the proposed artificial propagation activities are generally not 
expected to appreciably reduce the likelihood of survival and recovery in the wild by reducing 
the reproduction, number, or distribution of the LCR Coho salmon ESU.  Programs that have 
the most potential to affect LCR coho salmon are programs at the LWS NFH Complex and 
Eagle Creek NFH. 

Overall, this consultation finds that hatchery reform actions have reduced known impacts on 
listed species (i.e., these hatchery programs are no longer a primary factor limiting listed 
species viability) and that additional actions, required by this consultation, would investigate 
and address potential effects. 

Hatchery operations at these facilities are not expected to affect LCR coho salmon because 
intake structures are above barriers to anadromous fish. 

Adult broodstock for the programs at the LWS NFH Complex would volunteer up a ladder at 
the barrier dam adjacent to the LWS NFH.  Unmarked coho salmon adults have been 
collected at the facility and were assumed to be returning hatchery adults that were mis-
clipped during juvenile fin-clipping operations.  Mass marking errors can average 3-4 percent 
of the production releases, and this would account for unmarked adults returning to the 
facility along with the fact that natural coho salmon production is very limited by lack of 
spawning habitat in the upper Gorge area. 

At the Eagle Creek NFH, returning hatchery adults enter the hatchery volitionally via the fish 
ladder below an electric weir.  The weir limits access to a small section of the river that passes 
through the hatchery complex up to the natural barrier. The weir is operated during 
broodstock collection activities for coho salmon beginning in September and completed by 
the end of November.  Later-returning coho salmon are considered to represent the native 
population in the basin, but are rare at the hatchery.  There is documentation of later returning 
coho salmon adults at the hatchery, observed on December 13 and 22, 1993, but since that 
time occurrences have been rare.  Later-returning unmarked coho salmon are released 
unharmed downstream of the hatchery.  

Impacts of naturally spawning coho salmon from the LWS NFH Complex were eliminated by 
2006 due to the termination of releases into the Little White Salmon River in 2004.  Returning 
adults from past releases are not expected to have an adverse impact, because coho salmon 
production in the tributaries above Bonneville Dam is habitat-limited and natural production 
is considered not to be self-sustaining without the contribution of hatchery coho salmon.  
Spawning ground surveys have identified both marked hatchery coho salmon and unmarked 
coho salmon, but the true proportion of hatchery coho salmon in the spawning population is 
unknown due to marking errors in hatchery fish and to the release of unmarked coho salmon 
from other programs in the Columbia River Basin upstream of Bonneville Dam.  

The potential for genetic introgression by Eagle Creek NFH coho salmon is expected to be 
low.  Eagle Creek NFH coho salmon are not known to stray outside the lower Eagle Creek 
and the lower Clackamas River.  The number of recoveries of Eagle Creek NFH adults in 
areas outside of Eagle Creek and the hatchery is very low, however recent expanded surveys 
have recovered marked hatchery coho salmon in Deep Creek, a tributary that enters the 
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Clackamas River directly downstream of Eagle Creek ( Suring et al. 2006).  Suring et al.
(2006), also found that Eagle Creek NFH coho salmon did not stray into any of the other 
tributaries with intact coho habitat (primarily Clear Creek) in the lower Clackamas River, and 
very few (less than 5 annually) are recovered at the North Fork Dam trap.  Potential impacts 
have been reduced further by the reduction in the number of hatchery smolts released from 
Eagle Creek NFH from 1.0 million smolts in 1999 to 500,000 smolts in 2002.  There is also a 
temporal and spatial separation between Eagle Creek early run (September through 
November) and native Clackamas coho salmon in the upper Clackamas River.  Eagle Creek 
NFH coho salmon are also temporally isolated from the later spawning coho salmon in the 
North Fork Eagle Creek.  A genetic sampling program has begun to confirm the spatial and 
genetic isolation between the naturally spawning population in the North Fork Eagle Creek 
and Eagle Creek NFH coho salmon.  It is important to note that under the new listing for the 
LCR Coho salmon ESU, the Eagle Creek NFH stock of coho salmon is considered to be part 
of the ESU, though it is currently isolated from naturally spawning populations within the 
ESU.  The area upstream of North Fork Dam on the mainstem Clackamas River is managed 
by ODFW as a “wild fish only” area, with all marked hatchery fish prevented from passing 
above the dam.  Current management at Eagle Creek NFH is consistent with hatchery 
management strategies identified in ODFW’s Endangered Species Management Plan for coho 
salmon (Oregon Fish and Wildlife Commission 2001).  

The potential for disease to be passed on by the artificial propagation programs to listed LCR 
coho salmon is very low due to the disease management protocols used by the USFWS at all 
of their facilities.  The potential introduction of disease from the release of program hatchery 
fish is also low due to the levels of disease already present in the natural populations. 

Interactions between hatchery- and natural-origin coho salmon would not adversely impact 
the LCR coho salmon populations because the LWS NFH Complex releases fish that are fully 
smolted and are physiologically ready to migrate.  The potential for future competition effects 
have been eliminated due to the end of coho salmon releases from the LWS NFH Complex 
and would have to be reevaluated if the program was to resume. 

Eagle Creek NFH production is typically released in March, April, and May under a volitional 
release strategy.  Volitionally released fish, with a propensity to migrate, reduce the potential 
for competition with natural-origin fish as the fish emigrate quickly out of the system.  . 

Potential predation impacts of LWS NFH Complex juvenile releases on coho salmon are 
limited to the area below the LWS NFH Complex because anadromous fish do not have 
access to the habitat between the Willard facility where they are released and the LWS NFH.  
Impact from predation are limited to the migration corridor where impacts are likely reduced 
relative to spawning and nursery areas.  These impacts have been reduced due to the 
termination of coho salmon release from the LWS NFH, though they still may occur from the 
release of spring Chinook salmon and URB fall Chinook salmon. 

Juvenile coho salmon and steelhead released from Eagle Creek NFH could potentially prey on 
juvenile coho salmon fry in Eagle Creek and the lower Clackamas River.  Naturally produced 
coho salmon fry outmigrants are at a size that makes them vulnerable to predation by hatchery 
coho salmon and steelhead.  Three factors are expected to adequately minimize this predation 
potential: (1) the primary spawning and rearing areas for natural coho salmon are in the North 
Fork Eagle Creek and the upper Clackamas River basin, separate from the hatchery location, 
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reducing the potential for substantial impacts on listed species; (2) the release of hatchery 
smolts that are physiologically ready to migrate is expected to minimize predator-prey 
interactions in Eagle Creek and the lower Clackamas River; and (3) the release timing is 
before migration of smaller coho salmon parr that would otherwise be exposed to predation. 

Residualism in steelhead and coho salmon may lead to predation on LCR coho salmon.  
Residualism is minimized at the Eagle Creek NFH through rearing and volitional release 
strategies that lead to 98 percent of the production emigrating volitionally downstream.  
Actively migrating smolts do not tend to residualize, thus limiting the potential for adverse 
interactions with listed coho salmon.  The 2 percent that do not volitionally emigrate may 
residualize in Eagle Creek and the lower Clackamas River, but the proposed monitoring and 
evaluation activities in Eagle Creek are designed to determine the level of residualism in 
Eagle Creek NFH coho salmon and steelhead releases and the level of interaction with 
naturally produced coho salmon.  NMFS and the USFWS will assess new information as it 
becomes available and determine whether reinitiation of consultation is warranted. 

The coho salmon production at Eagle Creek NFH is designed to support commercial and 
recreational fisheries.  To limit impacts on listed LCR coho salmon, all releases of coho 
salmon are externally marked to allow for selective fisheries.  Selective fisheries allow for the 
retention of marked hatchery coho salmon while providing for the release of natural-origin 
fish.  The selective fishery for hatchery coho salmon is expected to have an annual impact of 
1 to 1.5 percent of the natural-origin adults returning to the Clackamas River basin.  The 
tributary harvest impacts on LCR coho salmon will be managed under a FMEP that has been 
submitted to NMFS for concurrence.  Impacts on LCR coho salmon from ocean and mainstem 
Columbia River fisheries that harvest coho salmon are addressed in separate ESA 
consultations (e.g., NMFS 2005b; NMFS 2005c).

LCR coho salmon monitoring efforts are not impaired by masking effects because all of the 
hatchery coho salmon that were released from the LWS NFH Complex and those that are 
released from the Eagle Creek NFH are externally marked to allow for identification when 
encountered at traps and on the spawning grounds. 

Nutrient supplementation that benefits LCR coho salmon is limited to the outplanting of 
surplus hatchery coho salmon from the Eagle Creek NFH, and from natural spawning salmon 
from other programs.  Coho salmon from Eagle Creek NFH are provided to ODFW and the 
U.S. Forest Service for nutrient enhancement because of the protocols that are in place to 
ensure the absence or very low incidence of disease in this stock.  These carcasses are 
outplanted in the Clackamas River basin in areas occupied by LCR coho salmon. 

Research activities in the White Salmon River as part of the Spring Creek NFH genetics 
evaluation will take up to 1,500 juvenile listed coho salmon through sampling activities, and 
observe and sample upto 200 carcasses during spawning ground surveys.  The expected lethal 
take is 60 juveniles for pathological analysis, and incidentally take fewer that 100 juveniles.
The take is necessary to determine the source of the natural production in the White Salmon 
River so that re-introduction plans can be developed.

Research activities at Eagle Creek NFH will focus on both steelhead and coho salmon 
production.  The potential take of listed coho salmon is from activities that are expected to 
trap, handle, mark, and tissue sample up to 50 natural-origin adult coho salmon as part of the 
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adult movement evaluation and for the genetic assessment.  The expected incidental lethal 
take during this sampling is fewer than 5 adults, or approximately 0.25 percent of recent 
returns to the North Fork Dam.  Samples will be collected from adults and used as part of the 
genetic analysis along with samples collected from juvenile coho salmon collected during a 
separate study measuring the incidence of disease in naturally produced salmon and steelhead.  

Snorkel surveys will be used to monitor downstream passage, residualism, and juvenile 
interactions and are expected to observe/harass an estimated 1,000 natural-origin coho salmon 
juveniles.  These activities will provide important data on species interactions and residualism 
rates that can be used to adjust hatchery management and address assumptions regarding 
predation and competition/density dependant effects of hatchery fish.  The snorkel surveys 
proposed to monitor juvenile hatchery- and natural-origin fish will not have an adverse impact 
on the LCR Coho Salmon ESU.  As with all research and monitoring and evaluation 
activities, NMFS and USFWS will assess new information as it becomes available and 
determine whether reinitiation of consultation is warranted. 

The analysis in Section 4.2, reviewed above and summarized in Table 37, looked at the 
impacts of the proposed artificial propagation programs on LCR coho salmon in terms of 
direct and indirect impacts from the various risks of the programs on individual salmon and 
salmon populations.  From this analysis, it is clear that the impacts from hatchery operations, 
disease, masking, and nutrient cycling would result in minimal effects on the LCR coho 
salmon populations in the Clackamas River and the upper Gorge.  The analysis above and in 
section 4.2 did show that these populations may be affected by broodstock collection, genetic 
introgression, competition, predation, residualism, fisheries, and monitoring activities.  
Broodstock collection at Eagle Creek NFH and at the LWS NFH may handle unmarked coho 
salmon but the instances are rare (less than 5 over the last 10 years), due to the timing of 
broodstock collection and cessation of the LWS NFH coho salmon program.  Competition 
and predation effects, (enhanced by residualism), arise from interactions between listed coho 
salmon and hatchery releases from LWS/Willard and Eagle Creek NFHs.  These impacts 
would be limited to the mainstem Eagle Creek, lower Clackamas River, and the Little White 
Salmon River below the hatchery.  As described in the analysis, release timing, release 
location, and volitional release strategies all contribute to minimizing these potential impacts.  
Furthermore, the USFWS is conducting additional monitoring and evaluation activities in 
Eagle Creek to confirm that impacts are low.  The Eagle Creek NFH coho salmon releases, 
and those formally released at the LWS NFH Complex, support commercial and recreational 
fisheries in the Lower Columbia River and in the Clackamas River.  The recreational fisheries 
are selective, requiring the release of unmarked coho salmon and the fishery in the Clackamas 
River closes November 1.  The selective fisheries and the season closures minimize impacts 
on listed early timed LCR coho salmon to less than 1.5 percent of the annual return from 
catch-and-release mortality, and is expected not to impact late run LCR coho salmon that 
enter the Clackamas River after the fishery is closed.  Monitoring and evaluation activities 
have a very small impact on LCR coho salmon in Eagle Creek from the collection of adults 
and juveniles necessary to evaluate potential impacts from genetic introgression, and from the 
observation of juveniles to determine levels of interaction between listed and hatchery fish.

Because all impacts on listed LCR coho salmon cannot be completely eliminated, there will 
always be the potential for hatchery programs to negatively impact natural-origin fish.  Table 
37 lists the potential impacts of the proposed artificial propagation programs on listed LCR 
coho salmon.  Those programs that “may negatively impact” are addressing these impacts 
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through measures put in place to minimize the impacts (see discussion above), though it is 
uncertain if the negative impacts can be completely eliminated.  NMFS has determined that 
these potential negative impacts on natural-origin LCR coho salmon have been adequately 
minimized through the proposed actions, that these impacts will not rise to the level of a 
serious adverse effect on the ESU, and that these effects are being monitored to determine if 
further action is needed.  The analysis above has considered recovery planning 
documentation and the potential effects of the proposed propagation programs on LCR coho 
salmon populations, in combination with other ongoing activities within the Action Area, and 
determined that the proposed artificial propagation programs will not appreciably reduce the 
likelihood of survival and recovery in the wild by reducing the reproduction, number, or 
distribution of the LCR Coho Salmon ESU. 

Summary.
In summary, based on the synthesis and integration of the analysis of impacts of the propose 
action on listed species (section 4.2 and above), including recovery planning activities, other 
actions ongoing or reasonably expected to occur in the action area, and given the current 
range wide status of the species, the proposed artificial propagation programs are not expected 
to appreciably reduce the likelihood of survival and recovery of the listed Lower Columbia 
River Chinook Salmon ESU, Upper Willamette River Chinook Salmon ESU, Lower 
Columbia River Steelhead DPS, Middle Columbia River Steelhead DPS, Columbia River 
Chum Salmon ESU, and Lower Columbia River Coho Salmon ESU. 
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5.0 CONCLUSION

NMFS' approach for determining whether the proposed actions are likely to jeopardize the 
continued existence of ESA-listed salmonids or destroy or adversely modify designated 
critical habitat is based on an analysis of the existing or potential adverse impacts posed by 
the actions.  NMFS, in making its jeopardy determination has considered the previous 
analysis of the risks posed by the artificial propagation programs, and the resultant likelihood 
for survival and recovery of the listed salmon ESUs and steelhead DPSs under the 
environmental baseline, taken in context with cumulative effects of other on-going actions,.

After reviewing the current status of listed Lower Columbia River Chinook Salmon ESU, 
Upper Willamette River Chinook Salmon ESU, Lower Columbia River Steelhead DPS, 
Middle Columbia River Steelhead DPS, Columbia River Chum Salmon ESU, Lower 
Columbia River Coho Salmon ESU, and the environmental baseline for the action area, the 
effects of the proposed artificial propagation programs in the Columbia River Basin, and 
cumulative effects, NMFS concurs with the USFWS’ determination that the proposed 
artificial propagation programs will not jeopardize the continued existence of these listed 
species or result in the destruction or adverse modification of their critical habitat.  
Furthermore, the impact of the actions will not diminish the potential for recovery. 

This conclusion is based on the following factors: hatchery facility operation at the program 
hatcheries would have only very minor effects on listed species;  broodstock collection 
activities would not handle naturally produced listed fish except for a very small number 
which would be immediately released; handling that would occur at the Warm Springs NFH 
is necessary to prevent hatchery steelhead from entering a natural-origin steelhead refuge area 
in the upper Warm Springs River; disease protocols at the facilities are in place to minimize 
disease occurrences at the hatcheries such that levels tend to be below levels found in 
naturally produced populations; and ecological interactions between listed species and 
hatchery produced juveniles would be limited through release strategies (e.g., release size, 
release location, release timing, volitional release).   

Where potentially adverse interactions with listed species may occur, the USFWS has 
proposed monitoring and evaluation activities to determine the level of these interactions, and 
to design practices that would minimize the effects of these interactions.  NMFS and the 
USFWS will regularly asses this information and determine whether reinitiation of 
consultation is warranted.  Under the current listings, Eagle Creek NFH coho salmon and 
Spring Creek NFH tule fall Chinook salmon are considered to be part of their respective 
ESUs.  However, these hatchery fish are exempt from take prohibitions because they are 
currently surplus to the conservation needs of the ESUs, and are either mass marked so that 
they can be distinguished from naturally produced listed species (Eagle Creek NFH coho, and 
current releases of Spring Creek NFH tule fall Chinook salmon) or can be separated from 
naturally produced fish through location or timing (Spring Creek NFH tule fall Chinook 
salmon volunteer into the hatchery, sorting themselves from naturally spawning fall Chinook 
salmon of the upper Gorge and White Salmon River populations).  

Effects of the operation of the proposed artificial propagation programs on critical habitat and 
its primary constituent elements are limited by facility design and operational policies that 
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effectively minimize any effect on critical habitat.  The weir at the Warm Springs NFH delays 
adult migration of MCR listed steelhead, but the trapping and removal of non-endemic 
hatchery steelhead prevents them from entering the natural-origin steelhead refuge in the 
upper Warm Springs River. 

6.0 INCIDENTAL TAKE STATEMENT

Section 9 of the ESA and Federal regulation pursuant to section 4(d) of the ESA prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct.  Harm is further defined by the USFWS to include 
significant habitat modification or degradation that results in death or injury to listed species 
by significantly impairing behavioral patterns, including breeding, feeding, or sheltering.
Harass is defined by the USFWS as intentional or negligent actions that create the likelihood 
of injury to listed species to such an extent as to significantly disrupt normal behavior patterns 
which include, but are not limited to, breeding, feeding, or sheltering.  Incidental take is 
defined as take that is incidental to, and not the purpose of, the carrying out of an otherwise 
lawful activity. 

Under the terms of section 7(b)(4) and section 7(o)(2), taking that is incidental to, and not 
intended as part of, the agency action is not considered to be prohibited taking under the ESA 
provided that such taking is in compliance with the terms and conditions of this Incidental 
Take Statement (ITS). 

For listed species, the measures described below are non-discretionary; and must be 
undertaken by the USFWS so that they become binding conditions of any grant or permit 
issued to the applicant, as appropriate, in order for the exemption in section 7(o)(2) to apply.
The USFWS has a continuing duty to regulate the activity covered in this incidental take 
statement.  If the USFWS (1) fails to assume and implement the terms and conditions, or (2) 
fails to adhere or require any applicant to adhere to the terms and conditions of the incidental 
take statement through enforceable terms that are added to the permit or grant document, the 
protective coverage of section 7(o)(2) may lapse.  In order to monitor the impact of incidental 
take, the agencies must report the progress of the action and its impact on the species to 
NMFS as specified in the incidental take statement. [50 CFR §402.14(i)(3)].  

An incidental take statement specifies the impact of any incidental taking of endangered or 
threatened species. It also provides reasonable and prudent measures that are necessary to 
minimize impacts and sets forth terms and conditions with which the action agency must 
comply in order to implement the reasonable and prudent measures.  

6.1 Amount or Extent of the Take 

The proposed actions are expected to result in the incidental take of listed salmon and 
steelhead in the Columbia River Basin.  Because of the inherent biological characteristics of 
aquatic species such as listed salmon and steelhead, the dimensions and variability of the 
Columbia river system, and the operational complexities of hatchery actions, determining 
precise (or even quantifiable) levels of mortality for juveniles and adults attributable to the 
proposed actions are, in most cases, not possible at the present time (e.g., predation by 
program hatchery-origin fish on listed fish below release locations; competition and density 
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dependant effects in the Lower Columbia River estuary).   Though the levels of mortality to 
juvenile and adults cannot be measured directly for specific artificial propagation programs, 
impacts of some of the general effects of artificial propagation can be inferred through other 
measurements and monitoring and evaluation activities.  As described above in the integration 
and synthesis section, many of the general effects of artificial propagation do not apply to 
some of these programs, e.g., some broodstock collection activities, nutrient cycling, or the 
general effect is covered under other consultations (i.e., fisheries).

As described above in the integration and synthesis section, competition with regards to redd 
superimposition can be measured by determining the number of LWS NFH URB fall Chinook 
salmon that are spawning naturally in the tributaries above Bonneville Dam.  Management 
and recovery goals require that hatchery-origin fish naturally spawning must be limited to 
below specific levels (specific percentages are being developed through the recovery planning 
process).  The number of hatchery-origin adults from the various hatchery programs that are 
observed on the spawning grounds will be used as a measure for the potential of genetic 
introgression.  The effect of competition/density dependence, predation, and residualism on 
listed species can be inferred from the levels of interactions between the artificially 
propagated salmon and steelhead and the natural-origin species.  The level of interactions can 
be estimated through the timing of the hatchery releases, and the rate of emigration through 
the system.  Proposed monitoring and evaluation activities will estimate migration rates, and 
the level of residualism in artificially propagated coho salmon and steelhead from the Eagle 
Creek NFH, and steelhead from the Lyons Ferry Hatchery (Walla Walla River basin).  The 
masking effect on listed species is reflected in population status estimates, but these estimates 
can be influenced by the marking rate for the artificial propagation programs.  Masking 
effects can be better monitored when the artificially propagated salmon and steelhead are 
mass marked. 

It is possible to estimate incidental take of the listed species that results from the operation of 
fish trapping operations and monitoring activities covered in this opinion.  Tables 38, 39, 40, 
41, and 42 summarize the estimated take of listed adults and juveniles for each ESU.  The 
take levels were based on potential encounter rates.

Table 38.  Potential take of listed LCR Chinook salmon during proposed research, 
monitoring, and evaluation activities. 

Activity Juveniles Adults Carcass
Broodstock collection and adult 

management at Spring Creek 
NFH (lethal take of listed 

hatchery adults) 

75,512
(highest adult 

return on 
record) 

White Salmon genetic study - 
capture, handle, release, 

sample/lethal take 
5,000/<100 0

500 (hatchery 
and natural 

origin) 

Table 39. Potential take of listed UCR spring Chinook salmon during proposed Research, 
Monitoring and Evaluation activities. 

Activity Juveniles Adults Carcass
Eagle Creek 

Case 2:20-cv-00417-RAJ-MLP   Document 133-3   Filed 10/03/22   Page 239 of 1903

1-SER-266

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-2, Page 266 of 300
(270 of 992)



Section 7 Biological Opinion USFWS MCR-LCR Art. Prop. 211

Snorkel observation 100 0 10
Eagle Creek - genetic study - 
capture, handle, mark, tissue 

sample/lethal take 

110/10 60/<5 0

Table 40.  Potential take of listed LCR steelhead during proposed research, monitoring and 
evaluation activities. 

Activity Juveniles Adults Carcass
Eagle Creek - snorkel observation 1,000 0 5

Eagle Creek - genetic study - 
capture, handle, mark, tissue 

sample/lethal take 
300/30 <60/<8 0

Table 41. Potential take of listed MCR steelhead during proposed research, monitoring, and 
evaluation activities. 

Activity Juveniles Adults Carcass
White Salmon genetic study - 

capture, handle, release/lethal 
take 1,700/<60 0 0

Warm Springs River – Observe,  
Hatchery Ladder
Redd Surveys 

0
0

1,000
<700

0
<25

Warm Springs River – Capture, 
Handle Release 
Rotary Screw Trap 
Hatchery Ladder 

<8,000
0

0
1,000

0
0

Warm Springs River – Capture, 
Handle, Mark/tissue sample, 
Release/lethal take 
Rotary Screw Trap 
Snorkel (mark-recapture) 

<1,000/60
<500

0
0

0
0

Warm Springs River – Capture, 
Intentional Take of Stray 
Hatchery Steelhead 0 1,000 0

Shitike Creek – Observe and 
Harass
Snorkel Surveys 
Redd Surveys 

<1,000
0

0
<100

0
50

Shitike Creek – Capture, Handle 
Release
Rotary Screw Trap 
Adult Weir 

<8,000
0

0
<30 (kelts) 

0
0

Shitike Creek – Capture, Handle, 
Mark/tissue sample, 
Release/lethal take 
Rotary Screw Trap 
Snorkel (mark-recapture) 

<2,000/60
<500

0
0

0
0
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Adult Weir 0 <300 0
White Salmon Genetic study –

Unintentional Lethal Take  <10 0 0
Warm Springs River –

Unintentional Lethal Take <50 <5 0
Shitike Creek –Unintentional 

Lethal Take <50 <5 0

Table 42. Potential take of listed LCR coho salmon during proposed research, monitoring, 
and evaluation activities. 

Activity Juveniles Adults Carcass
White Salmon genetic study - 
capture, handle, release/lethal take 1,500/<100 0 200
Broodstock collection and adult 

management at Eagle Creek 
NFH (lethal take of listed 
hatchery adults) 

38,546
(highest adult

return on 
record) 

Eagle Creek - snorkel 
Observation  1,000 100(natural) 0

Eagle Creek - genetic study -
capture, handle, mark, tissue 

sample/lethal take  
100/30

<50/<5
(natural)

100 (hatchery)
300

The take estimates in the previous tables are the maximum expected to be encountered during 
the proposed activities – actual take is expected to be less.  Take of most species is non-lethal 
and results from observation during snorkel surveys (e.g., UWR spring Chinook salmon, 
Table 39), redd surveys and carcass recoveries (Tables 38, and 42).  Lethal take from the 
proposed activities is expected to be very low, with the majority of the impacts limited to 
juvenile listed species, though some adults maybe killed.  CR chum salmon are not affected 
by these activities. 

The potential for lethal take of listed LCR Chinook salmon would occur from capture, 
handling and the collection of tissue samples as part of the fall Chinook salmon genetics 
assessment (Table 38).  The carcass sampling activities will not harm LCR Chinook salmon. 

The potential for lethal take of LCR steelhead is primarily from trapping and handling adults 
at the lower fish ladder in Eagle Creek during evaluation of migration timing and collection of 
genetic samples (Table 40).  Take associated with the snorkel surveys will be in the form of 
mild or transitory harassment, with no mortalities expected. 

The largest potential lethal take is associated with sampling activities handling MCR 
steelhead (Table 41).  The total estimated lethal take for MCR steelhead from all the proposed 
activities in this opinion is expected to be fewer than 250 juveniles and <10 adults. 

The potential for lethal take of listed LCR coho salmon is primarily from trapping and 
handling adults at the lower fish ladder in Eagle Creek during the evaluation of migration 
timing and the collection genetic samples (Table 42). 
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6.2 Effect of the Take 

The potential impacts on LCR Chinook salmon are limited to fall Chinook salmon juveniles 
sampled from the White Salmon River.  The impact of the potential mortality of 50 juveniles 
on the population is expected to be negligible due to the high number of natural spawning fall 
Chinook salmon in the White Salmon River (see Figure 4).  A natural spawning escapement 
of 3,000 adults, assuming 50 percent are female, 5,000 eggs per female, and a 15 percent egg-
to-subyearling survival, results in the potential production of an estimated 1 million 
subyearlings.  Another factor to consider is that in recent years a large proportion of naturally 
spawning fall Chinook salmon have originated from Spring Creek NFH (Harlan 1999; 2004).  
The information that will be collected is essential in determining the genetic composition of 
the naturally spawning fall Chinook salmon population in the White Salmon River, in order to 
develop protocols for reintroduction of fall Chinook salmon into the White Salmon basin after 
Condit Dam removal.  These efforts are needed to support the recovery of the LCR Chinook 
Salmon ESU and will be assessed in subsequent analyses. 

The potential lethal take of five LCR steelhead adults represents 0.33 percent of the average 
natural-origin winter steelhead run over North Fork Dam.  The area above the dam represents 
the majority of the listed steelhead in the Clackamas River winter steelhead population, 
though production does occur in tributaries to the Lower Clackamas River.  The take of five 
adult steelhead is not expected to have an adverse effect on the LCR Steelhead DPS.

The potential lethal take of fewer than five natural-origin adult LCR coho salmon is expected 
to have a negligible effect on the Clackamas River population of coho salmon.  The 
escapement of coho salmon over North Fork Dam has averaged over 2,000 in the last five 
years, and does not include natural production in tributaries in the lower river (there is not an 
estimate of natural escapement into Eagle Creek).  The potential mortality of five adult coho 
salmon is less than 0.25 percent of the escapement over North Fork Dam and is not expected 
to adversely affect the LCR Coho Salmon ESU. 

The potential lethal take of 250 juvenile MCR steelhead is not expected to have an adverse 
effect on the populations in the Deschutes River basin or the MCR Steelhead DPS as a whole.
In 2004, NMFS developed a conservative estimate that 65,160 natural origin juvenile MCR 
steelhead would enter the Columbia River between the John Day and The Dalles Dams 
(Furguson 2004).  These would be primarily from the Deschutes River since it is the only 
major tributary to this pool.  The estimated lethal take from the proposed monitoring and 
evaluation activities is only 0.38 percent of the natural-origin outmigration.  

6.3 Reasonable and Prudent Measures 

The following reasonable and prudent measures are called for to minimize and reduce the 
anticipated level of take of listed salmon and steelhead associated with the proposed artificial 
propagation programs: 

1. The USFWS shall manage their programs to isolate hatchery-origin fish and limit the 
risk of adverse demographic, ecological, and genetic effects on listed salmon and 
steelhead, including potential interbreeding of unlisted, hatchery-origin salmonids and 
listed salmonids.  
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2. The USFWS shall follow criteria and guidelines specified in this opinion to their 
respective artificial propagation facilities, including associated trapping locations. 

3. The USFWS shall monitor and evaluate the artificial propagation programs.  The 
USFWS shall minimize impacts on listed and natural origin salmon and steelhead 
when conducting research, monitoring and evaluation activities. 

4. The USFWS shall provide reports to the Salmon Recovery Division annually for all 
artificial propagation, research, monitoring and evaluation activities proposed under 
this Incidental Take Statement.  

5. The USFWS shall comply with all ESA requirements and provisions within this 
Incidental Take Statement.  

6.4 Terms and Conditions 

In order to be exempt from the prohibitions of section 9 of the ESA, the action agency must 
comply with the following terms and conditions, which implement the reasonable and prudent 
measures described above.  These terms and conditions are non-discretionary with respect to 
species listed under the ESA. 

1a. The USFWS shall manage all of the artificial propagation programs as described in the 
Biological Assessment and the submitted Hatchery and Genetic Management Plans.  
NMFS (Salmon Recovery Division) must be notified prior to any change in the 
proposed management or operation of the programs. 

1b. Hatchery fish from these programs are not intended to spawn naturally, (except for 
Warm Springs NFH spring Chinook salmon under specific limits).  USFWS shall 
manage its programs to limit hatchery fish from spawning naturally.  USFWS shall 
notify NMFS when it is estimated or determined likely that hatchery-origin fish from 
these programs comprise more than 5 percent of the naturally spawning for any 
“Primary” or “Contributory” salmon or steelhead population (see the Lower Columbia 
Fish Recovery Board Salmon Recovery Plan for primary and contributory population 
designations (LCFRB 2004)).  USFWS will operate the ladder/adult collection facility 
at the LWS NFH to collect annually the needed broodstock through third weekend in 
October, after which the ladder will remain open and all returning adults will be 
processed.

1c. The USFWS shall annually consult with NMFS on the proposed ladder and 
broodstock collection operations for LWS NFH and Spring Creek NFH by August 1 
of each year.

1d. The USFWS shall apply an external mark to all production, as well as an internal mark 
or tag to at least a portion of each hatchery release group for monitoring, evaluation, 
and stock management purposes.  

1e. In the event that circumstances, such as unanticipated, higher-than-expected fecundity, 
or high egg-to-fry survival rates, lead to the inadvertent possession of salmon 
substantially in excess (>110 percent) of program production levels specified above, 
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then NMFS must be notified immediately to determine future actions, unless specific 
actions for addressing excess production are provided in the HGMP.  

1f. The USFWS shall investigate the potential use of surplus hatchery adults for nutrient 
enhancement in local area streams while meeting basin disease protocols. 

2a. During trapping operations directed at the collection of broodstock, the USFWS shall 
apply measures that minimize the risk of harm to listed salmon and steelhead.  These 
measures include, but are not limited to: limitations on the duration (hourly, daily, 
weekly) of trapping in mainstem river areas to minimize capture and handling effects 
on listed fish; limits on trap holding duration of listed fish prior to release; application 
of procedures to allow safe holding, and careful handling and release of listed fish; and 
allowance for free passage of listed fish migrating through trapping sites in mainstem 
and tributary river locations when those sites are not being actively operated. 

2b. Water withdrawals at all facilities shall be via structures that meet or exceed NMFS 
water intake screening criteria. 

2c. The USFWS shall consult with NMFS if conditions at the Carson NFH are expected to 
require the use of Wind River water for production, or early release of production fish. 

3a. The USFWS is responsible for the actions of any individual operating under the 
authority of this ITS.  Such actions include capturing, handling, and releasing any 
ESA-listed species authorized to be taken by this ITS. 

3b. The USFWS must ensure that listed species are taken only at the levels, by the means, 
in the areas, and for the purposes stated in the Biological Assessment (and 
corresponding HGMPs).

3c. The USFWS must not intentionally kill or cause to be killed any listed species unless 
the ITS specifically allows lethal take. 

3d. The USFWS must handle listed fish with extreme care and keep them in cold water to 
the maximum extent possible during sampling and processing procedures.  When fish 
are transferred or held, a healthy environment must be provided; e.g., the holding units 
must contain adequate amounts of well-circulated water.  When using gear that 
captures a mix of species, the permit holder must process listed fish first, whenever 
possible, to minimize handling stress. 

3e. If the USFWS anesthetizes listed fish to avoid injuring or killing them during 
handling, the fish must be allowed to recover before being released.  Fish that are only 
counted must remain in water and not be anesthetized.  

3f. If the USFWS unintentionally captures any listed adult fish while sampling for 
juveniles, the adult fish must be released without further handling and such take must 
be reported to NMFS within two days. 

3g. The USFWS must exercise care during spawning ground surveys to avoid disturbing 
listed adult salmonids when they are spawning, and walking on redds.  Visual 
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observation must be used instead of intrusive sampling methods, whenever feasible, 
especially when just determining fish presence. 

3h. The USFWS using backpack electrofishing equipment must comply with NMFS’ 
Backpack Electrofishing Guidelines (June 2000) available at www.nwr.noaa.gov/ESA-
Salmon-Regulations-Permits/4d-Rules/upload/electro2000.pdf.

3i. The USFWS must obtain approval from NMFS before changing sampling locations or 
research protocols. 

3j. The USFWS is responsible for any biological samples collected from listed species as 
long as they are used for research purposes.

3k. The person(s) actually doing the research must have a copy of this ITS while 
conducting the authorized activities. 

3l. The USFWS must allow any NMFS employee or representative to accompany field 
personnel while they conduct the research activities. 

3m. The USFWS must allow any NMFS employee or representative to inspect any records 
or facilities related to the monitoring, evaluation, and research activities. 

3n. The USFWS may not transfer or assign this ITS to any other person as defined in 
Section 3(12) of the ESA.  The ITS ceases to be in effect if transferred or assigned to 
any other person without NMFS’ authorization. 

4a. All monitoring and evaluation reports, as well as all other notifications required in the 
permit, shall be submitted to NMFS at:  

   NMFS - Salmon Recovery Division  
   Hatcheries and Inland Fisheries Branch 
   1201 N.E. Lloyd Boulevard, Suite 1100 
   Portland, Oregon 97232 
   Phone: (503) 736-4737 
   Fax: (503) 872-2737 

4b. The USFWS must notify the Salmon Recovery Division of NMFS as soon as possible, 
but no later than two days, after any authorized level of take is exceeded or if such an 
event is likely.  The USFWS must submit a written report detailing why the authorized 
take level was exceed or is likely to be exceeded. 

4c. The USFWS shall update and provide to the Salmon Recovery Division of NMFS by 
December 15th of each year the projected hatchery releases by age class and location 
for the coming year. 

4d. The USFWS shall provide annual reports that summarize numbers, pounds, dates, 
tag/mark information, locations of artificially propagated fish releases, and monitoring 
and evaluation activities that occur within the hatchery environment, and adult return 
numbers to any naturally spawning area and to the hatchery program.  Reports shall 
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also include any preliminary analyses of scientific research data, any problems that 
may have arisen during conduct of the authorized activities, a statement as to whether 
or not the activities had any unforeseen effects, and steps that have been and will be 
taken to coordinate the research or monitoring with that of other researchers.  The 
reports shall be submitted by January 31st, of the year following release (i.e., brood 
year 2005, release year 2006, report due January 2007) to the Salmon Recovery 
Division of NMFS. 

4e. Adult return information shall include the most recent annual estimates of the number 
and proportion of artificially propagated fish on the spawning grounds, and the 
number and location of artificially propagated adults that were recovered outside the 
release areas.  Adult return information and results from monitoring and evaluation 
activities outside the hatchery environment should be included in the annual report or 
a separate report.  If a separate report on monitoring and evaluation activities 
conducted outside the hatchery environment is prepared, it shall be submitted by 
August 31st, of the year following the monitoring and evaluation activities (i.e., 
surveys conducted in 2005, report no later than August 2006) to the Salmon Recovery 
Division of NMFS. 

4f. The USFWS must report the take of any ESA-listed species not included in this 
incidental take statement when it is killed, injured, or collected during the course of 
artificial propagation/research activities.  Notification should be made as soon as 
possible, but no later than two days after the unauthorized take.  The USFWS must 
then submit a detailed written report of the take.  Pending review of these 
circumstances, NMFS may suspend enhancement/research activities. 

5a. The USFWS, in effectuating the take authorized by this incidental take statement, is 
considered to have accepted the terms and conditions set forth herein and must be 
prepared to comply with the provisions of this incidental take statement, the applicable 
regulations, and the ESA. 

5b. If the USFWS violates any term and condition, they will be subject to any and all 
penalties provided by the ESA.  NMFS may revoke the ITS if the authorized activities 
are not conducted in compliance with the ITS and the requirements of the ESA or if 
NMFS determines that its ESA section 10(d) findings are no longer valid. 

5c. The NMFS Salmon Recovery Division may amend the provisions of this ITS after 
reasonable notice to the USFWS. 

5d. 50 CFR Section 222.23(d)(8) allows NMFS to charge a reasonable fee to cover the 
costs of issuing this incidental take statement under the ESA.  The fee for this 
incidental take statement has been waived. 

5e. Any falsification of annual reports or records pertaining to this incidental take 
statement is a violation of this incidental take statement. 

NMFS believes that no more than a small proportion of a few populations within each of the 
six ESUs considered in this opinion will be incidentally taken as a result of the proposed 
action (see Tables  38, 39, 40, 41, and 42).  The reasonable and prudent measures, with their 
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implementing terms and conditions, are designed to minimize the impact of incidental take 
that might otherwise result from the proposed action.  If, during the course of the action, this 
level of incidental take is exceeded, such incidental take would represent new information 
requiring reinitiation of consultation as described below, requiring review of the reasonable 
and prudent measures provided.  The USFWS must immediately provide an explanation of 
the causes of the taking and review with NMFS the need for possible modification of the 
reasonable and prudent measures. 

7.0 REINITIATION OF CONSULTATION

This concludes formal consultation on the proposed artificial propagation programs submitted 
by the USFWS.  As provided in 50 CFR §402.16, reinitiation of formal consultation is 
required where discretionary Federal agency involvement or control over the action has been 
retained (or is authorized by law) and if: (1) the amount or extent of incidental take is 
exceeded; (2) new information reveals effects of the agency action that may affect listed 
species or critical habitat in a manner or to an extent not considered in this Opinion; (3) the 
agency action is subsequently modified in a manner that causes an effect to the listed species 
or critical habitat not considered in this Opinion; or (4) a new species is listed or critical 
habitat designated that may be affected by the action.  In instances where the amount or extent 
of incidental take is exceeded, the USFWS must immediately request reinitiation of section 7 
consultation.

Among other considerations, NMFS may reinitiate this consultation if there is information 
indicating that genetic or ecological impacts, beyond those considered in this opinion, are 
occurring from the operation of the proposed artificial propagation programs.  Additionally, 
NMFS may seek to reinitiate this consultation if the proposed artificial propagation programs 
are modified based upon information:  1) developed during any subsequent review of the 
HGMPs that are the basis for these programs; 2) any of the other ongoing hatchery review 
processes such as the Mitchell Act EIS, the Columbia River Hatchery Scientific Review 
Group analysis, and 3) other processes such as recovery planning, and U.S. v. Oregon 
negotiations.

8.0 MAGNUSON-STEVENS ACT ESSENTIAL FISH HABITAT CONSULTATION

"Essential fish habitat" (EFH) is defined in section 3 of the Magnuson-Stevens Act (MSA) as 
"those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to 
maturity." NMFS interprets EFH to include aquatic areas and their associated physical, 
chemical and biological properties used by fish that are necessary to support a sustainable 
fishery and the contribution of the managed species to a healthy ecosystem. 

The MSA and its implementing regulations at 50 CFR 600.920 require a federal agency to 
consult with NMFS before it authorizes, funds or carries out any action that may adversely 
effect EFH.  The purpose of consultation is to develop a conservation recommendation(s) that 
addresses all reasonably foreseeable adverse effects on EFH.  Further, the action agency must 
provide a detailed, written response to NMFS within 30 days after receiving an EFH 
conservation recommendation.  The response must include measures proposed by the agency 
to avoid, minimize, mitigate, or offset the impact of the activity on EFH. If the response is 
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inconsistent with NMFS ' conservation recommendation, the agency must explain its reasons 
for not following the recommendations. 

Thus, one of the objectives of this consultation is to determine whether the proposed actions 
of artificially propagated programs are likely to adversely affect EFH.  If the proposed actions 
are likely to adversely affect EFH, conservation recommendations will be provided.  

8.1 Identification of Essential Fish Habitat 

The Pacific Fishery Management Council (PFMC) is one of eight Regional Fishery 
Management Councils established under the Magnuson-Stevens Act.  The PFMC develops 
and carries out fisheries management plans for Pacific coast groundfish, coastal pelagic 
species, and salmon off the coasts of Washington, Oregon and California.  Pursuant to the 
MSA, the PFMC has designated freshwater and marine EFH for Chinook salmon and coho 
salmon (PFMC 2000).  For purposes of this consultation, freshwater EFH for salmon in 
Washington and Oregon includes all streams, lakes, ponds, wetlands, and other water bodies 
currently or historically accessible to Pacific salmon, except upstream of the impassable 
dams.  In the future, should subsequent analyses determine the habitat above any impassable 
dam is necessary for salmon conservation, the PFMC will modify the identification of Pacific 
salmon EFH (PFMC 2000).  Marine EFH for Pacific salmon in Oregon and Washington 
includes all estuarine, nearshore, and marine waters within the western boundary of the U.S. 
Exclusive Economic Zone (EEZ), 200 miles offshore.  

8.2 Proposed Action and Action Area 

For this EFH consultation, the proposed actions and action area are as described in detail 
above in Section 2.0.  The actions are the operation of artificially propagated programs that 
collect, rear, and release salmon and steelhead within the geographical boundaries of the LCR 
Chinook Salmon, UWR spring Chinook Salmon, CR Chum Salmon, and LCR Coho Salmon 
ESUs, and the LCR Steelhead and MCR Steelhead DPSs.  This proposed action area includes 
the mainstem Columbia River above Bonneville Dam, the Clackamas River, the Wind River, 
the Deschutes River, and the Walla Walla River basins.  The proposed action area includes 
areas defined as EFH for Chinook salmon and coho salmon.  A more detailed description and 
identification of EFH for salmon is found in Appendix A to Amendment 14 to the Pacific 
Coast Salmon Plan (PFMC 2000).  Assessment of the impacts on these species' EFH from the 
above proposed action is based on this information.  

8.3 Effects of Proposed Action 

The PFMC (2000) concluded artificial propagation activities in or adjacent to salmon EFH 
has the potential to adversely affect habitat by altering water quality, modifying physical 
habitat, and creating impediments to passage.  Artificial propagation may also adversely 
impact EFH by predation of native fish by introduced hatchery fish, competition between 
hatchery and native fish for food and habitat, exchange of diseases between hatchery and 
natural-origin populations, the release of chemicals in natural habitat, and the establishment of 
non-native populations of salmonids and non-salmonids (PFMC 2000).  The adverse affects 
of artificial propagation on EFH are similar to, and contained in, the 11 general effects 
described and analyzed in the ESA consultation above (sections 4.1, 4.2, and 4.4).  Based on 
information submitted by the USFWS, as well as NMFS ' analysis in the ESA consultation 
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above, NMFS believes that the effects of the actions on EFH are within the range of effects 
considered in the ESA portion of this consultation.

8.4 Conclusion

Using the best scientific information available and based on its ESA consultation above, as 
well as the foregoing EFH sections, NMFS has determined that the proposed actions are likely 
to adversely affect EFH for Pacific salmon. 

8.5 Essential Fish Habitat Conservation Recommendations 

The actions needed to conserve EFH designated for Chinook salmon and coho salmon within 
the action area are contained within certain Reasonable and Prudent Measures and Terms and 
Conditions outlined above in the Incidental Take Statement.  Specifically, the ESA measures 
applicable to this EFH determination are Reasonable and Prudent Measures 1 and 2 (section 
6.3) and their associated Terms and Conditions (section 6.4) which are consistent with 
conservation measures for artificial propagation to conserve EFH.   Therefore, NMFS 
recommends that those same Reasonable and Prudent Measures, and the implementing Terms 
and Conditions, be adopted as the EFH Conservation Recommendation for this consultation. 

8.6 Statutory Response Requirement 

Section 305(b)(4)(B) of the MSA and implementing regulations at 50 CFR section 600.920 
require a federal action agency to provide a detailed, written response to NMFS within 30 
days after receiving an EFH conservation recommendation.  The response must include a 
description of measures proposed by the agency to avoid, minimize, mitigate or offset the 
impact of the activity on EFH.  If the response is inconsistent with a conservation 
recommendation from NMFS, the agency must explain its reasons for not following the 
recommendation. 

8.7 Consultation Renewal 

The USFWS must reinitiate EFH consultation if plans for these actions are substantially 
revised in a way that may adversely affect EFH, or if new information becomes available that 
affects the basis for the EFH conservation recommendations (50 CFR Section 600.920(k)). 

9.0 DATA QUALITY ACT DOCUMENTATION AND PRE-DISSEMINATION REVIEW

Section 515 of the Treasury and General Government Appropriations Act of 2001 (Public 
Law 106-554) (“Data Quality Act”) specifies three components contributing to the quality of 
a document. They are utility, integrity, and objectivity.  This section of the Biological Opinion 
addresses these DQA components, documents compliance with the Data Quality Act, and 
certifies that this Biological Opinion has undergone pre-dissemination review. 

9.1 Utility

These ESA section 7 and MSA consultations on the proposed artificial propagation programs 
and determined that the proposed actions will not jeopardize the affected ESUs/DPSs.  
Therefore, NMFS can issue and incidental take permit.  The intended user is the U.S. Fish and 
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Wildlife Service and the Washington Department of Fish and Wildlife as their agent.  The 
scientific community, resource managers, and the stakeholders benefit from the consultation. 

9.2 Integrity

This consultation was completed on a computer system managed by NMFS in accordance 
with relevant information technology security policies and standards set out in Appendix III, 
“Security of Automated Information Resources,” Office of Management and Budget Circular 
A-130; the Computer Security Act; and the Government Information Security Reform Act. 

9.3 Objectivity 

Standards: This consultation and supporting documents are clear, concise, complete, and 
unbiased, and were developed using commonly accepted scientific research methods.  They 
adhere to published standards including the NMFS ESA Consultation Handbook, ESA 
Regulations, 50 CFR 402.01 et seq., and the MSA implementing regulations regarding EFH, 
50 CFR 600.920(j). 

Best Available Information: This consultation and supporting documents use the best 
available information, as referenced in the literature cited section.  The analyses in this 
biological opinion/EFH consultation contain more background on information sources and 
quality.

Referencing: All supporting materials, information, data, and analyses are properly 
referenced, consistent with standard scientific referencing style.  

Review Process: This consultation was drafted by NMFS staff with training in ESA and MSA 
implementation, and reviewed in accordance with Northwest Region ESA quality control and 
assurance processes. 
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ESA-Listed Species Status
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Likely to 

Adversely Affect 
Species or 

Critical Habitat?
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Likely To 

Jeopardize the 
Species?
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To Destroy or 

Adversely Modify 
Critical Habitat?

Snake River 
spring/summer Chinook 
salmon (Oncorhynchus 

tshawytscha) 

Threatened Yes No No

Snake River steelhead (O. 
mykiss) Threatened Yes No No

Snake River fall Chinook 
salmon (O. tshawytscha) Threatened Yes No No
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salmon (O. nerka) Endangered Yes No No

Fishery Management Plan That 
Describes EFH in the Project 

Area

Does the Action Have an Adverse 
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Are EFH Conservation 
Recommendations Provided?
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_________________________
Barry A. Thom 
Regional Administrator
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Sustainable Fish
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Date:                12/12/2017  
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Modify Critical 
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Middle Columbia River 
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mykiss)

Threatened Yes No No

Snake River 
Spring/Summer Chinook 
salmon (O. tshawytscha)

Threatened Yes No No
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tshawytscha)

Threatened Yes No No

Fishery Management Plan That 
Describes EFH in the Project Area

Does Action Have an Adverse 
Effect on EFH?

Are EFH Conservation 
Recommendations Provided?

Pacific Coast Salmon Yes Yes

Consultation Conducted By: National Marine Fisheries Service, West Coast Region 

Approved by: Date: 
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Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and Magnuson-Stevens 
Fishery Conservation and Management Act Essential Fish Habitat (EFH) Consultation 
 

NOAA’s National Marine Fisheries Service’s implementation of the Mitchell Act Final 
Environmental Impact Statement preferred alternative and administration of Mitchell Act 

hatchery funding. 
 

NMFS Consultation Number: NWR-2014-697 
 
Action Agency: NOAA’s National Marine Fisheries Service (NMFS) 
 
Affected Species and NMFS’ Determinations:    

ESA-Listed Species Status 

Is Action 
Likely to 
Adversely 

Affect 
Species? 

Is Action 
Likely To 

Jeopardize 
the 

Species? 

Is Action 
Likely To 
Adversely 

Affect 
Critical 
Habitat? 

 

Is Action 
Likely To 
Destroy or 
Adversely 

Modify 
Critical 
Habitat? 

 
Pacific 
Eulachon/Smelt – 
Southern Distinct 
Population Segment 
(Thaleichthys 
pacificus) 

Threatened Yes No No No 

Lower Columbia River 
Chinook Salmon 
(Oncorhynchus 
tshawytscha) 

Threatened Yes No No No 

Upper Columbia River 
Spring-run Chinook 
Salmon  
(O. tshawytscha) 

Endangered Yes No No No 

Snake River 
Spring/Summer-run 
Chinook Salmon  
(O. tshawytscha) 

Threatened Yes No No No 

Snake River Fall-run 
Chinook Salmon (O. 
tshawytscha) 

Threatened Yes No No No 

Upper Willamette 
River Chinook Salmon 
(O. tshawytscha) 

Threatened Yes No No No 
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FIRST DECLARATION OF HANS 
RADTKE, Ph.D. 

I, Hans Radtke, declare the following to which I am competent to testi fy under penalty of 

perjury of the laws of the United States: 

I. I have been retained by plaintiff Wild Fish Conservancy (WFC), by and through 

26 counsel, to provide expert testimony addressing economics issues involving the Southeast Alaska 

27 (SEAK) commercial salmon fishery. Specifically, WFC requested that I provide opinions on the 

28 economic importance of the SEAK troll salmon fishery (all species) winter and summer seasons. 

29 
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The WFC also requested itemization of that fishery ' s Chinook salmon component' s importance. 

The requested fishery to be analyzed is commercial. Estimating the economic importance of 

sport and subsistence fisheries was not included in the request. This declaration provides the 

requested descriptions based on my economic analysis investigations. ' 

PROFESSIONAL QUALIFICATIONS 

2. I am a consulting economist specializing in natural resource economics, 

especially fisheries economics. Along with James E. Wilen, a professor of Agriculture and 

Resource Economics at the University of California, Davis, I was one of the several fisheries 

economists engaged on behalf of plaintiffs in Whaley, et al. v. Paci.fie Seafood Group, et al. , D. 

Or. Case No. I: I 0-cv-3057-PA. 

3. I received my B.S. in economics from Portland State University in 1964, my M.S. 

in resource economics from Montana State University in 1968, and my Ph.D. in resource 

economics from Oregon State University in 1972. I have served as an assistant and associate 

professor of resource economics at the University of Nevada and as an associate professor of 

resource economics at Washington State University (as part of a consortium with Oregon State 

University, University of Washington, Washington State University and University of Idaho). 

Since 1980, I have been an independent economist working on natural resource issues for 

industry, NGO's and state and federal agencies. I have also served on advisory boards and policy 

generating councils and commissions. 

4. My economic consulting career has focused mostly on the field of fisheries 

economics, primarily West Coast and Alaskan fisheries. I gained considerable insight into West 

Coast fisheries during my service as one of the State of Oregon's representatives to the Pacific 

Fishery Management Council from 1997 to 2003, serving as chairman in 2002. I have also 

1 The secondary information was garnered from ADFG (August 2021 ), ADFG (September 2021 ), NMFS 
(April 2019), CFEC (December 2021 ), CFEC (February 2022), and PSC (June 2021) unless otherwise 
cited. At the time of this declaration, detailed salmon fishery information is available for 2020 from 
ADFG and PSC season ending reports. Only preliminary information is available from ADFG for 2021. 
RADTKE DECLARATION - 2 KAMPMEIER & KNUTSEN PLLC CORR CRONIN, LLP 
Case No. 2:20-cv-00417-RAJ-MLP 1300 S.E. Stark Street, Suite 202 100 I Fourth Avenue, Suite 3900 

Portland, Oregon 97214 Seattle, Washington 98154 
(503) 841-6515 (206) 625-8600 

Case 2:20-cv-00417-RAJ-MLP   Document 127-4   Filed 09/07/22   Page 2 of 31

2-SER-326

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 26 of 300
(330 of 992)



served in Oregon as a member of the Governor's Council of Economic Advisors since 1993 to 

2 the present. 
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5. Attached hereto as Appendix A is my curriculum vitae, which includes a list of all 

publications I have authored during the last ten years. 

6. 

7. 

I have not testified as an expert at trial or in deposition during the last four years. 

I am being compensated for my work on this matter. In connection with this 

expert witness engagement, I am charging $150 per hour for work not involving testimony. My 

charge for time in deposition or at trial is $250 per hour. 

8. In addition to drawing upon my knowledge and experience, I have consulted with 

Shannon Davis from The Research Group, Corvallis, Oregon and reviewed and considered the 

documents listed in the bibliography attached hereto as Appendix B in developing my opinions 

expressed herein. 

SUMMARY OF OPINIONS 

9. In summary, my economic analysis found that the SEAK commercial troll salmon 

fishery (all species) generated annual income of about $28.8 million (2021 dollars) for the 2017-

2019 averaging period, which represents about 537 equivalent jobs. The fishery is about 7.0 

percent of the SEAK commercial seafood industry' s economic contributions ($28.8 million 

divided by $411 million). The fishery represents about 1.3 percent of SEAK total labor earnings 

in 2020 ($28.8 million divided by $2.2 billion). My economic analysis for the SEAK commercial 

troll Chinook salmon fishery (Chinook component) shows the generated annual income was 

about $10.6 million for the 2017-2019 averaging period. This represents 198 equivalent jobs. 

The component is about 2.6 percent of the SEAK seafood industry and 0.5 percent of SEAK total 

labor earnings in 2020. 

10. Table I shows total and fisheries itemized household income for the area. The 

27 sources of information for Table I are explained in table' s footnotes. The total economy in this 

28 area in 2020 had labor earnings of$2.155 billion with an average annual earnings per job of 

29 RADTKE DECLARATION - 3 
Case No. 2:20-cv-00417-RAJ-MLP 

KAMPMEIER & KNuTSEN PLLC 
1300 S. E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

CORR CRONIN, LLP 
100 I Fourth A venue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

Case 2:20-cv-00417-RAJ-MLP   Document 127-4   Filed 09/07/22   Page 3 of 31

2-SER-327

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 27 of 300
(331 of 992)



2 

3 

4 

5 

6 

7 

Hans Radtke, PhD 

Natural Resource Economist 
Yachats, Oregon 97498 

Appendix A 
Curriculum Vitae 

Voice and Facsimile: (541) 547-3087, Email: hansradtke@peak.org 

Education 

8 Portland State University: 1960-1964, B.S . Economics 
Montana State University: 1967-1969, M.S. Agricultural Economics 

9 Oregon State University: 1969-1972, Ph.D. Agricultural Economics 

10 

I l 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
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Relevant Professional Experience: 

Dr. Radtke is a professional economist who has worked many years in natural resource 

management. He is currently an adjunct professor at OSU. As a freelance economist, he 

has worked on a variety of projects for Oregon Department of Fish and Wildlife, Pacific 

Fishery Management Council, Bureau of Land Management, Oregon Coastal Zone 

Management Association, Commonwealth of the Northern Mariana Islands, Corps of 

Engineers, and NOAA Fisheries. He specializes in the relationships of resource-based 

industries and regional, state, and national economies. He has completed many economic 

impact, feasibility, and policy analyses and developed computer models for the economic 

assessment of fisheries management alternatives. He was a volunteer advisor in Russia 

for the transition to privatization of agriculture (l 994), and has done work for the World 

Wildlife Fund in Mexico (1997). ln 1997, he was appointed to the Pacific Fishery 

Management Council (PFMC), of which he was Vice-Chairman in 2000 and Chairman in 

2002-2003. He has been on the Technical Dispute Settlement Board, as established by the 

Pacific Salmon Commission for the Pacific Salmon Treaty since 2004. He was a member 

of the Independent Economic Analysis Board (IEAB), an advisory board to the Pacific 

Northwest Power Planning Council for two four year terms beginning in October 200 I. 

He served on the Oregon Wolf Conservation and Management Plan Development 
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Committee from 2003 to 2004. He was a 4 year term member of the Marine Protected 

Area Federal Advisory Committee appointment starting July 2009. He is currently 

serving as member emeritus of the Oregon Governor's Council of Economic Advisors. 

Selected Projects: 
• Established the Columbia Marine Advisory Program for Washington State University, 

University ofldaho, University of Washington, and Oregon State University to work 
on research and extension programs on problems of the Columbia River. 1979 

• Preliminary Assessment ofEnvironmental Problems in Ecuador. With Chemonics 
Consulting Division, for U.S. Agency for International Development, Quito, Ecuador. 
October/November 1979. 

• The Employment Impact of Utilizing Logging Residues from BLM Administered Lands 
in the Coos Bay Area, 1980-8 l, Bureau of Land Management, Portland, Oregon 

• Received a grant from the U.S. Department of Energy for an Alternative Energy 
Demonstration Project: a Small Domestic Hydro-system on the Oregon Coast. This off
grid system (my home residence) was completed in 1982 and has been functioning 
continuously since then. 

• Fisheries Economic Assessment Model (with William Jensen). Originally funded by the 
Small Business Administration, Washington, D.C. and the Pacific Fisheries Management 
Council in 1985. Since then, this work has been expanded to include Alaska. (Contract 
with Alaska Sea Grant Program and the National Marine Fisheries Service.) We are now 
using the same concept to develop assessment models for tourist expenditures (Oregon 
Department of Fish and Wildlife) and agricultural processing (Oregon State University). 

• Project Leader, Economic Development Potential of the Pacific Whiting 
Resource Project for the Oregon Coastal Zone Management Association. Various 
funding agencies. 1990. 

• Feasibility oflrrigated Agriculture in Tarrafal Cape Verde Islands, West Africa. 
Contract with Utah State University - Agency for International Development. October 
- November 1982. 

• "Oregon Angler Survey and Economic Study." Prepared for Oregon Department of Fish 
and Wildlife. Prepared by The Research Group, Corvallis, Oregon. 1992. 

• "Economic Description of Coastal Fisheries in the Pacific Northwest" and "Economic 
Description of Coastal Tourism in the Pacific Northwest." Background papers for 
inclusion in the "Forest Ecosystem Management: an Ecological, Economic and Social 
Assessment." (Popularly known as President Clinton's Forest Summit), Portland, 
Oregon. 1993. 

• Technical advisor to the Pacific Salmon Commission on the Salmon Treaty Negotiations 
between the U.S. and Canada, 1991-94. 

• Raab, Jonathan D., and Hans D. Radtke, ''New Perspectives on Energy and Economic 
Development: The Effect of Eugene Water and Electric Board 's Weatherization Program 
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( 1982-1986) on the Economies of Lane County and the State of Oregon." Bureau of 
Governmental Research and Service. University of Oregon, 1988. 

• Analysis of Saipan's Seafood Markets for the Commonwealth of Northern Mariana 
Islands. Department of Fish and Wildlife, 1994-95. 

• "Initiative for Appropriate Economic Development in a Threatened World Heritage Site." 
Project for World Wildlife Fund, Mexico, 1997. 

• Economic Evaluation of Potential Economic Impacts of Lower Snake and John Day Dam 
Removal. Prepared for US Army Corps of Engineers. 1998-2000. 

• Tribal Salmon Fisheries Marketing Opportunities. Prepared for Northwest Indian 
Fisheries Commission. 2003. 

• Select Area Fishery Evaluation Project , Economic Analysis Study. Prepared for 
Bonneville Power Administration, Washington Department of Fish and Wildlife, and 
Oregon Department of Fish and Wildlife. October 2006. 

• Advisor on the Columbia River Avian Anadromous Fish Predation Probability 
Economic Impact Modeling Project. Corps of Engineers. 2014. 

Expert Witness Experience: 
I. Harder Land Co. et al. v. Big Bend Electrical Cooperative, Inc. Evaluated damage 

claims of lost grazing. 1985. 
2. Kaspar Jr. Case. Prepared deposition for Daniel Dziuba of Pozzi Wilson Atchison, 

LLP, Portland, Oregon. Estimated the present value of future earnings loss in injury of 
crab fisherman. 1997. 

3. World Wildlife Fund petitioning Mexico federal government. "Initiative for 
Appropriate Economic Development in a Threatened World Heritage Site." Project for 
World Wildlife Fund, Mexico. 1997. 

4. Taylor v. Port of Brookings. Estimated the value of lost revenues for a crab boast that 
was destroyed by fire in port. 1998. 

5. Charter Boat/Trawler collision. Prepared deposition for Daniel Dziuba of Pozzi 
Wilson Atchison, LLP, Portland, Oregon. Estimated the present value of future 
earnings lost for charter boat revenue. 1999. 

6. Tienson/Fick case. Prepared deposition for Thane Tienson, attorney, Portland, Oregon. 
Estimated the present value of earnings potentially lost as a result of not being able to 
manage a processing plant in Alaska due to a car injury. 1999. 

7. Essex Insurance Company v. New West Fisheries Inc. Bristol Bay salmon run 
estimated lost revenues and profits due to lower than forecast salmon runs. 1999. 

8. Oregon Natural Desert Association, Committee for Idaho's High Desert, Oregon 
Wildlife Federation, Oregon Natural Resources Council, and Idaho Watersheds Project 
v. BLM. Cattle grazing near Owyhee River. 1999. 

9. Trustees for Alaska. Prepared information for Jack Stern, attorney, Anchorage, Alaska. 
Economic impacts from excluding groundfish trawling in designated Steller sea lion 
critical habitat areas. 2000. 

l 0. Center for Marine Conservation (CMC) et al. v. NMFS. Estimated the economic 
impact on the longline fishery and dependent communities of changes in pelagic 
fisheries management. 2001. 
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l l. City of Everett Tulalip Claim. Prepared background information for Galen Schuler, 
attorney for Perkins Coie, Seattle, Washington. Economic value of the Tulalip Tribe's 
claimed loss of fishing opportunities based on the use and enjoyment of natural 
resources in the Sultan River Basin and related portions of the Skykomish and 
Snohomish River Basins. 2003. 

12. State of Oregon and Clatsop County vs Pacific Surimi, LLC and Dulci ch, Inc. Prepared 
economic analysis for grand jury convened to review the merits of a complaint that 
defendants were withholding payments to harvesters through disguise of weigh backs. 
A $800,000 settlement and felony conviction was reached in a no contest plea. 2002 

13. Oregon State Public Interest Research Group vs Pacific Seafood Group. Prepared 
financial damage assessment report for illegal seafood plant discharges into the 
Skipanon River. A $400,000 plus legal costs settlement was reached. 2006. 

14. Lloyd and Todd Whaley of Brookings vs Pacific Seafood Group. Served as an expert 
in class-action suit concerning price suppression allegations. The suit was settled 
before trial. The defendant agreed to a number of steps fishermen believe will increase 
competition for seafood. 2012. 

Publications: 

A. Journal Articles 
l. Johnson, Rebecca L., Fred Obermiller and Hans Radtke. "The Economic Impacts of 

Tourism Sales" Journal of Leisure Research. 1989, Vol. 21 , Number 2. pp 140-164. 
2. Martin, Mike B., Hans Radtke, Bart Eleveld and S. Diane Nofziger "The Impact of the 

Conservation Reserve Program on Rural Communities: The Case of Three Oregon 
Counties." Western Journal of Agricultural Economics. December. 1988. 

3. Meyer, Frederick A., Ronald L. Shane, and Hans D. Radtke, "A Systematic 
Approach for Identifying Planning Zones and Service Centers: A Nevada State 
Health Example." Journal of the Community Development Society, Vol. 17, No. I. 
1986. 

4. Radtke, Hans D., Stan Detering and Ray Brokken. "A Comparison oflMPLAN 
(USFS I-O Model) with Several Primary Date I-O Models in the West." 
USDA/ERS, Oregon State University, 1984. Western Journal of Agricultural 
Economics. December 1985. 

5. Radtke, Hans D., "Benefits and Costs of a Physician to a Community," American 
Journal of Agricultural Economics. August 1974. 

B. Other Selected Publications 
1. Radtke, Hans D., Christopher M. De Wees and Frederick J. Smith, "The Fishing 

Industry and Pacific Coastal Communities: Understanding the Assessment of 
Economic Impacts," Pacific Sea Grant College Program. PSGCP-15. January, 1985. 

2. Radtke, Hans D. and Shannon W. Davis. "The Economic Landscape of the Oregon 
Coast," Oregon Coastal Zone Management Association, Inc. 1987, 1989, and 1991. 

3. "Contribution of the Oregon Wheat Industry to Oregon's Economy." Agricultural 
Experiment Station Bulletin 668, Oregon State University, Corvallis, 1986. 
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4. "The Hutterites in Montana: An Economic Description" published as an 
Agricultural Experiment Station Bulletin, No. 641 , Montana State University, 
Bozeman, Montana. August 1971 . 

5. Radtke, Hans D. and William S. Jensen, "An Economic Description of the 
Oregon Commercial Troll Salmon Fishery." Sea Grant College Program, 
NA89AA-D (SG I 08). Lewis and Clark College, Portland, Oregon. 1990. 

6. Coombs, Eric M., Hans Radtke, Dennis Isaacson and Stanley Snyder, "Economic and 
Regional Benefits from the Biological Control of Tansy Ragwort in Oregon, USA." 
Proceedings of the IX International Symposium on the Biological Control of Weeds. 
January 1996, Rondebusch, South Africa. 

7. Radtke, Hans D. et al. "Elliot State Forest Plan Alternatives: An Economic 
Overview." Oregon Department of Forestry. November 1993. 

8. "Pacific Whiting Resource Availability, Market Use and Economic Development 
Potential." Compiled by Hans Radtke for the Oregon Coastal Zone Management 
Association. 1991 . 

9. "Oregon's Commercial Fishing Industry: It's Importance to Oregon's Economy." 
Prepared for the West Coast Fisheries Development Foundation. 1988. 

I 0. Radtke, Hans D ., Shannon W . Davis, Rebecca L Johnson, and Kreg Lindberg. 
"Economic and Demographic Transition on the Oregon Coast." In: 
Schoonmaker, Peter K., Bettina von Hagen, and Edward C. Wolf, Eds. "The Rain 
Forests of Home: Profile of a North American Bioregion." Ecotrust/Interrain 
Pacific. Island Press. 1997. 

11 . Radtke, Hans D . and Shannon W Davis. "Economic Feasibility of Salmon 
Enhancement Propagation Programs." In: E . Eric Knudsen, Cleveland R. 
Steward, Donald D. MacDonald, Jack E. Williams, and Dudley W. Reiser. 
"Sustainable Fisheries Management, Pacific Salmon." Lewis Publishers. 1999. 

12. Schoonmaker, Peter K. , Ted Gresh, Jim Lichatowich, and Hans D. Radtke. "Past and 
Present Pacific Salmon Abundance: Bioregional Estimates for Key Life History 
Stages." In: Stockner, John G., ed. Nutrients in Salmonid Ecosystems: Sustaining 
Production and Biodiversity. American Fisheries Society Symposium 34:33-40. 2003. 

13 . Radtke, Hans with assistance from Oleg Zaporozhets (Kamchatka Research Institute 
of Fisheries and Oceanography), Valeriy Yefanov (Institute ofNatural Science, 
Sakhalin State University) and Chris Carter (retired economist Oregon Department of 
Fish and Wildlife). Notes on Economic Relationships For ArtHicial Salmon 
Propagation Programs In The North Pacific Draft Version 2. Prepared for the World 
Wildlife Fund. 2009. 

14. Carter, ChristopherN. and Hans D. Radtke. Economic Analysis of Columbia River 
Fish Hatchery Program. Presentation at the Ecological Interactions between Wild and 
Hatchery Salmon Conference. May 2010. 

I 5. Radtke, Hans. Sandy River Hatchery Economic Effects Version 1.4. Prepared for the 
Oregon Native Fish Society. October 2011. 
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UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator for the National 
Marine Fisheries Service, et al., 
 
      Defendants, 
 
and 
 
ALASKA TROLLERS ASSOCIATION, 
and STATE OF ALASKA 
 
      Defendant-Intervenors. 
___________________________________ 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

 
Case No. 2:20-cv-00417-RAJ-MLP 
 
THIRD DECLARATION OF GORDON 
LUIKART, Ph.D. 

I, Gordon Luikart, declare the following to which I am competent to testify under penalty 

of perjury of the laws of the United States: 

1. I have previously prepared two declarations that were submitted in this matter. 

The first was dated February 24, 2021, and submitted to the Court on May 5, 2021—Declaration 

of Gordon Luikart, Ph.D., Dkt. No. 91-5 (“First Luikart Declaration”). The First Luikart 

Declaration described my professional qualifications, which I do not repeat here, but instead 
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incorporate with this reference. The second declaration was dated June 8, 2021, and submitted to 

the Court on June 9, 2021—Second Declaration of Gordon Luikart, Ph.D. (“Second Luikart 

Declaration”). The First Luikart Declaration and the Second Luikart Declaration described the 

work I had performed and the opinions I had developed in this matter as of the date they were 

each submitted. The opinions expressed in those declarations continue to constitute my 

professional opinions except as expressly provided herein. 

2. In preparing this declaration, I have considered the following additional materials 

not identified in the First Luikart Declaration or the Second Luikart Declaration: 

a. Current pHOS data for Puget Sound, Washington Coast, and Lower Columbia 

River Chinook salmon reported on the Washington Department of Fish and Wildlife’s 

(“WDFW”) Salmon Conservation Reporting Engine (“SCoRE”) database (accessed 8/24/2021), 

available at: https://fortress.wa.gov/dfw/score/score/species/chinook; 

b. Document titled “Hatchery Production Initiative for Southern Resident Killer 

Whales, FY 2020 Report (Jan. 8, 2021); 

SUMMARY OF OPINIONS 

3. The First Luikart Declaration explained that the National Marine Fisheries 

Service’s (“NMFS”) proposal to increase hatchery production of Chinook salmon, as described 

in the agency’s 2019 biological opinion on management of fisheries in Southeast Alaska (“2019 

SEAK BiOp”), will appreciably contribute to the inability of numerous wild Chinook salmon 

populations in the Puget Sound and the Columbia River evolutionarily significant units (“ESU”) 

to recover from their threatened status under the Endangered Species Act (“ESA”) and will also 

likely reduce the probability of their continued survival. Those opinions were based, in part, on 

official pHOS data for Puget Sound, Washington Coast, and Lower Columbia River Chinook 

salmon reported on Washington Department of Fish and Wildlife’s (“WDFW”) Salmon 

Conservation Reporting Engine (“SCoRE”) database. 

4. Since the First Luikart Declaration, more current data have become available in 
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WDFW’s SCoRE database for some, but not all, of the relevant Chinook salmon populations. I 

have reviewed those data to determine whether pHOS values have changed during the last year 

in a manner that would affect my opinions described in my prior declarations. In sum, relevant 

pHOS values have not changed in a manner that causes me to alter my opinions as to the risks 

and harms posed by NMFS’s proposal to increase hatchery production as described in the 2019 

SEAK BiOp. 

5. Further, it came to my attention in preparing this declaration that I miscalculated 

the mean pHOS value for Chinook salmon in Mill Creek, located in the Lower Columbia, in the 

First Luikart Declaration. The First Luikart Declaration reported the mean pHOS value for 

Chinook salmon in Mill Creek from 2010 to 2018 as 44%. The correct value for that period is 

82%. 

OPINIONS ON UPDATED pHOS VALUES 

6. Below are updated tables summarizing official pHOS data for Puget Sound, 

Washington Coast, and Lower Columbia River Chinook salmon reported on WDFW’s SCoRE 

database since 2010 (generally 2010 to 2018, 2019, or 2020) for which data is available:  
 
Table 1. Average Chinook salmon pHOS levels in rivers of Puget Sound, Washington 
Coast, and Lower Columbia River from WDFW’s SCoRE website (accessed August 24, 
2021). Lower Columbia populations marked with a single asterisk (*) are designated a 
primary population in the Lower Columbia Chinook salmon Recovery Plan; populations 
marked with a double asterisk (**) are designated secondary populations. Values in each 
of the last three columns were calculated as the average of each annual value. In 
particular, the Mean pHOS value (last column) will not necessarily be equal to the ratio 
of the mean of Hatchery Spawners to the mean of the Total Spawners (Hatchery 
Spawners/Total Spawners), though they will generally be similar to the average of the 
annual pHOS values shown in the last column. Regardless, either way of calculating the 
average pHOS value shows them to be far higher than biologically advisable as described 
as explained below. 
 

Puget Sound: Years  
Hatchery 

Spawners ^ 
Total 

Spawners ^ 
Mean pHOS 

Dungeness 2010-2019  348 457 75% 
Nooksack Fall 2010-2016  1098 1293 83% 

NF Stillaguamish 2010-2020  515 921 44% 
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Skykomish 2010-2020  960 
 

2,799 
 34% 

Snoqualmie 2010-2020 271 
 

1,144 
 

24% 
 

Sammamish Fall 2010-2019  
1030 1139 89% 

Cedar Fall 2010-2019  
281 1140 26% 

Green Fall 2010-2020  2,947 
 

4,329 
 

65% 
 

Puyallup Fall 2010-2020  1019 
 

1548 
 

64% 
 

Nisqually Fall 2010-2019  840 
 

1,488 
 48% 

Washington Coast: Years  
Hatchery 
Spawners 

Total 
Spawners 

Mean pHOS 

Humptulips Fall 2011-2020  1,524 
 

5,047 
 

30% 
 

Wishka Fall 2010-2020  61 
 

514 
 

12% 
 

Lower Columbia: Years 
Hatchery 
Spawners 

Total 
Spawners 

Mean pHOS 

Coweeman* 2010-2020 133 
 

823 
 

14% 
 

Big White Salmon 2010-2020 242 
 

797 
 

31% 
 

Elochaman-Skamokawa* 2010-2020  399 
 

490 
 

72% 
 

Kalama Tule** 2010-2020  4,149 
 

5,638 
 

65% 
 

Lower Cowlitz** 2010-2019  1,018 
 

4,093 
 

25% 
 

Abernathy Creek* 2010-2020  143 
 

127 
 

85% 
 

Mill Creek* 2010-2020  257 278 72 or 82%^^ 
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Germany Creek* 2010-2020  175 
 

198 
 

78% 
 

Toutle: Green 2010-2020  480 
 

725 
 

57% 
 

South Fork Toutle* 2010-2020  123 
 

209 
 

63% 
 

Upper Cowlitz 2010-2016  3375 3487 97% 
Little White Salmon 2010-2018  212 468 45% 

Wind River 2010-2018  849 1215 70% 

Washougal* 2010-2020  

 

1,485 
 

 

2,634 
 

50% 
 

^Average (Mean) of years listed (e.g., 2010-2019, or for 2010-2020).                   
^^Paragraph 19 explains that data were likely missing in 2019 so pHOS is likely 82% 
 

7. It can be seen by comparing Table 1 in the First Luikart Declaration to the 

updated Table 1 above in this declaration that none of the average pHOS levels of any of the 

populations have changed substantially in either a positive or negative direction, with the 

exception of Mill Creek as explained in paragraph 19 below. All of the pHOS values are greater 

than biologically advisable for the reasons described in my prior two declarations. None of the 

biological concerns and conclusions regarding these pHOS levels expressed in my prior 

declarations are changed by the minor updates of average values shown in Table 1 above. 

8. I have reviewed the hatchery increases anticipated or proposed for 2020 to 2022 

listed in Tables 1, 2, and 3 of the document titled “Hatchery Production Initiative for Southern 

Resident Killer Whales FY20 Report” dated January 8, 2021 (“Prey Increase Report”). Table 1 

lists numbers of additional hatchery Chinook salmon smolts expected to be produced by the State 

of Washington for the 2019-2021 biennium using State funds. Table 2 lists numbers of additional 

hatchery Chinook salmon smolts expected to be produced using funds provided under the Pacific 

Salmon Treaty in fiscal year 2020 as described in the 2019 SEAK BiOp. Table 3 lists numbers of 

additional hatchery Chinook salmon smolts expected to be produced from hatchery programs 

selected as alternates to receive fiscal year 2020 funds under the Pacific Salmon Treaty as 
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described in the 2019 SEAK BiOp. Since Table 3 lists releases that may be available to replace 

releases proposed or anticipated in Table 2 that might not occur and thus would neither increase 

nor decrease the releases identified in Table 2, I focus my comments on the releases in Table 2. 

9. These smolt releases, actual or anticipated, are most likely over and above those 

that have been occurring, with or without NMFS-approved hatchery and genetic management 

plans (HGMPs) for the multiple hatcheries releasing smolts. Adults that are recruited from these 

additional releases that are not harvested or consumed by Southern Resident Killer Whales 

(SRKW) or other predators, and that do not return to the hatchery racks, will likely stray onto the 

spawning grounds of wild Chinook salmon in rivers on or near the locations of the hatchery 

facilities from which the smolts were released. As described in the First Luikart Declaration and 

above, pHOS levels in all major rivers affected by these releases already have levels that are of 

significant conservation concern. 

10. Table 2 in the Prey Increase Report identifies releases of 3 million Chinook 

salmon smolts from Puget Sound hatcheries in 2021, and 2 million in 2022. Of the 3 million 

smolt releases identified for Puget Sound hatcheries in 2021, 1 million smolts were be released 

from the Bernie Gobin Hatchery in Tulalip Bay at the mouth of the Snohomish River, and 2 

million smolts were be released from the Soos Creek Hatchery in the lower Green River. 

11. Those adult fish returning to spawn that were released from the Bernie Gobin 

Hatchery at Tulalip Bay that are not collected at the hatchery are likely to stay onto spawning 

grounds in the Stillaguamish, Skykomish, and/or Snoqualmie Rivers. Those hatchery fish will 

increase the already high levels of pHOS in those rivers, further reducing the likelihood of 

recovery of these components of the Puget Sound Chinook ESU. 

12. Stray spawning adults that were released from the Soos Creek Hatchery will 

likely increase pHOS levels in the Cedar, Green, Puyallup, and/or Nisqually Rivers, thereby 

further impairing the prospects for the recovery of these components of the Puget Sound 

Chinook salmon ESU. 
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13. Table 2 of the Prey Increase Report lists Columbia River releases of Chinook 

salmon hatchery smolts of 750,000 in 2020; of which 120,000 smolts are from the Umatilla 

Hatchery upstream of John Day Dam and 630,000 smolts are from the Willard National Fish 

Hatchery located on the lower Little White Salmon, downstream of the Dalles Dam. 

14. Table 2 of the Prey Increase Report shows releases to the Columbia River from 

hatcheries located downstream of the Dalles Dam total 4,250,000 smolts in 2021 and 1,900,000 

smolts in 2022. 

15. Adult Chinook salmon returning to spawn that were released from these 

Columbia River hatcheries would likely increase pHOS levels for Chinook salmon populations 

in the Lower Columbia River ESU downstream of John Day Dam, including some or all of the 

rivers listed for the Lower Columbia above in Table 1 of this declaration. 

16. As noted in my Second Luikart Declaration and shown above in Table 1 of this 

declaration, current pHOS levels in the majority of rivers in the Lower Columbia River ESUs 

listed in the table are well above levels likely to cause biological risk. Of the 14 Chinook 

populations listed in Table 1 of this declaration, only 2 have average levels of pHOS less than 

30%. Ten have levels of pHOS equal to or greater than 50%. As explained in detail in the First 

Luikart Declaration, those pHOS levels pose significant threats to the genetic diversity, genomic 

integrity, adaptability, and resilience of the affected wild (naturally-spawning, ESA-listed) 

populations. 

17. The releases of additional Chinook salmon hatchery smolts that have recently 

occurred and are proposed to occur in the immediate future will likely further increase the 

already dangerous levels of pHOS in these rivers, and thereby further impair the ability of these 

populations to sustain themselves, much less recover to the point that the ESUs could be de-

listed. 

18. It is my professional opinion that it is imperative to significantly and rapidly 

reduce the current levels of pHOS in these rivers if these Chinook populations are to have a 
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reasonable chance of surviving and recovering. 

CORRECTION OF pHOS VALUE FOR MILL CREEK 

19. As noted in paragraph 5 above, the average value of pHOS for Mill Creek for 

years 2010 to 2018 reported in the Second Luikart Declaration was erroneous due to a copying 

error on my part. The correct value was 82%. The new average pHOS value for 2010 to 2020 is 

75%. This is due to the listed value for 2019 being zero, which is likely due to spawner data not 

being recorded for Mill Creek for this year. If the average pHOS value is calculated for the years 

2010 to 2020 (excluding the misleading zero value for 2019) the average pHOS is 82%, which is 

identical to the average for 2010 to 2018. Thus, there has been little change in the average pHOS 

value in the past 11 years; in particular, there has been no apparent change in the high straying 

rates of hatchery Chinook salmon onto the spawning grounds in Mill Creek between 2018 and 

2020, the most recent year for which data is available. 

CONCLUSION 

20. The First Luikart Declaration included the following conclusion on my opinions: 
 
The Puget Sound Chinook salmon ESU and the Lower Columbia 
River Chinook salmon ESU are listed as threatened species under 
the ESA. According to NMFS’s most recent status reviews, most 
populations in the ESUs suffer low natural-origin abundance levels 
and have high fractions of hatchery spawners (pHOS). These high 
pHOS levels are likely contributing to the low productivity of the 
natural populations.  
 
It is my opinion that the release of some 20 million additional 
hatchery Chinook salmon smolts from hatchery facilities in Puget 
Sound, the Columbia River, and on the Washington Coast will 
likely further increase pHOS levels and thereby further inhibit the 
prospects for the continued survival, much less the recovery, of 
Chinook salmon populations in the Puget Sound Chinook salmon 
ESU and the Lower Columbia River ESU. 

21. There have been only minor changes in pHOS values for the relevant Chinook 

salmon populations since I submitted the First Luikart Declaration. Accordingly, the opinions 

expressed in the First Luikart Declaration and summarized above remain my professional 
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opinions on these matters today. 

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing is true 

and correct. 

DATED this 28th day of March 2022. 

       
            

Gordon Luikart, Ph.D. 
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UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
SCOTT RUMSEY, et al., 
 
      Defendants. 
 
__________________________________ 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

 
 
 
Case No. 2:20-cv-00417-RAJ-MLP 
 
THIRD DECLARATION OF DR. 
DEBORAH GILES, Ph.D. 
 
 
 

 

I, Deborah Giles, declare the following: 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I previously prepared the Declaration of Dr. Deborah Giles, Ph.D. submitted to 

the Court on April 16, 2020 as Dkt. No. 14-2 (“First Giles Declaration”). I also previously 

prepared the Declaration of Dr. Deborah Giles, Ph.D. submitted to the Court on May 5, 2021 as 

Dkt. No. 91-3 (“Second Giles Declaration”). The First Giles Declaration and the Second Giles 

Declaration described my professional qualifications and the work I performed and the opinions 

I had developed for this matter up until the dates they were submitted. Instead of repeating those 

efforts, I incorporate them herein with this reference. Except where expressed otherwise below, I 
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continue to hold the opinions expressed in the First Giles Declaration and Second Giles 

Declaration. 

3. In preparing this declaration, in addition to drawing on my knowledge and 

experience, I have considered the following materials since submitting the First Giles 

Declaration and the Second Giles Declaration: 

a. State of Washington, Washington Department of Fish and Wildlife, Rule-

Making Order, Emergency Rule, Wash. State Reg. 22-14-068 (June 30, 2022), attached hereto as 

Exhibit A; 

b. Government of Canada, News Release: Minister Jordan Announces Long-

Term Commercial Closures and License Retirement Program in Effort to Save Pacific Salmon, 

https://www.canada.ca/en/fisheries-oceans/news/2021/06/minister-jordan-announces-long-term-

commercial-closures-and-licence-tetirement-program-in-effort-to-save-pacific-salmon.html 

(June 29, 2021), attached hereto as Exhibit B;  

c. Government of Canada, 2022 Management Measures to Protect Southern 

Resident Killer Whales, https://www.pac.dfo-mpo.gc.ca/fm-gp/mammals-mammiferes/whales-

baleines/srkw-measures-mesures-ers-eng.html#overview, attached hereto as Exhibit C; 

d. Wasser SK, Lundin JI, Ayres K, Seely E, Giles D, Balcomb K, et al. 

(2017) Population growth is limited by nutritional impacts on pregnancy success in endangered 

Southern Resident killer whales (Orcinus orca). PLoS ONE 12(6): e0179824. 

https://doi.org/10.1371/journal.pone.0179824; 

e. Nielsen, MLK, Ellis, S, Towers, JR, et al. A long postreproductive life 

span is a shared trait among genetically distinct killer whale populations. Ecol Evol. 2021; 

11:9123–9136. https://doi.org/10.1002/ece3.7756; 

f. Stewart, J. D., Durban, J. W., Fearnbach, H., Barrett-Lennard, L. G., 

Casler, P. K., Ward, E. J., and Dapp, D. R. 2021. Survival of the fattest: linking body condition 
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to prey availability and survivorship of killer whales. Ecosphere 12(8):e03660. 

10.1002/ecs2.3660; and 

g. Couture F, Oldford G, Christensen V, Barrett-Lennard L, Walters C 

(2022) Requirements and availability of prey for northeastern pacific southern resident killer 

whales. PLoS ONE 17(6): e0270523. https://doi.org/10.1371/journal.pone.0270523. 

4. As of September 2, 2022, there are just 73 members of the endangered Southern 

Resident killer whale (“SRKW”) population, down from a high of 98 in 1995. Despite their 

Endangered Species Act listing in 2005, the ongoing population decline continues—

notwithstanding the National Marine Fisheries Service’s (“NMFS”) SRKW Recovery Plan goal 

of 2.3% population growth per year. 

5. A healthy population of killer whales should produce six to seven new calves per 

year. Since 2019 just seven calves have been born in total to the SRKW. 

6. Only two new calves have been born since the Second Giles Declaration was filed 

nearly one and a half years ago—J59 and K45. At least five additional pregnancies have been 

identified over the last two years with no evidence of calves being born, with the other five 

calves assumed to have been lost. 

7. As mentioned in the First Giles Declaration and Second Giles Declaration, in 

2017, I co-authored a research paper that showed that 69% of these pregnancies are aborted due 

to insufficient Chinook salmon. This alarming trend appears to continue, and given that a 

significant number of these losses are late stage pregnancies, I cannot overstate the adverse 

effects of both physical and emotional stress on the mothers’ health from insufficient food. Some 

of these females can be described as chronically pregnant—carrying a fetus for over a year, and 

then becoming pregnant again the following year after miscarrying their previous fetus. This 

burden is likely contributing to premature deaths of females in their forties. The premature death 

of females in their forties is significant because this population relies heavily on these 

postmenopausal “grandmother” whales. In fact, a grandmother’s presence in a pod increases the 
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likelihood of her daughter’s offspring surviving because she helps with maternal care, food 

sharing, and more. This benefit has been calculated at over four times greater in a pod with a 

living grandmother, than in one without. 

8. Since my previous declarations, the Center for Whale Research has identified two 

whales—L89, known as Solstice, and K44, known as Ripple—as missing. As neither have been 

seen with their families since November 2021, I believe we must presume these whales died last 

year, when considering the current population health issues due to the ongoing impacts of 

insufficient Chinook salmon. 

9. L89, a 29-year-old male, is considered prime age, and is important for future 

breeding success, as females selectively choose older, larger males. K44 conversely is an 11-

year-old male, not yet sexually mature, but every whale lost in this population matters. Neither of 

these whales had previously shown any indication of illness through observations and were not 

flagged as whales of concern in 2021. 

10. On June 30, 2022, the Washington Department of Fish and Wildlife (“WDFW”) 

issued an emergency order preventing vessels from coming within 0.5 nautical miles of the 

SRKW, as WDFW had designated 13 members of the population as “vulnerable.” WDFW 

designated these members as “vulnerable” based on observations and analysis of J and L pods 

collected by the SeaLife Response Rehabilitation and Research (“SR3”) team between 

September 2021 and April 2022. K pod was not witnessed during this time frame, so their body 

condition could not be assessed. See Ex. A. 

11. This year, one pregnant whale is on the vulnerable list—L72, known as Racer, 

and WDFW also designated 12 whales as vulnerable whose body condition is assessed as falling 

into the lowest 20% of measurements for age and sex, including showing signs of emaciation. 

Specifically, SR3 researchers found that six females and six males from J and L pod fit this 

“poor condition” classification, and noted that, “the best available science suggests that whales 

measured to be in [this] state had a significantly increased (two to three times higher) probability 
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of subsequent mortality.” See Ex. A. Further, one of the whales designated as vulnerable because 

of her poor condition, L83, is also pregnant. 

12. The six females range in age from 3-year-old J56, known as Tofino, to 45-year-

old L54, known as Ino. Of concern is that four of these females have calves, including L83 who 

is also currently pregnant. This is of concern because the loss of mothers has a devastating 

impact on the rest of the family, as they nurse the young and share food with family members, 

even including fully mature adult males. This ensures all family members, but especially males 

are fit for breeding. 

13. The six males range in age from 10-year-old J49, known as T'ilem I'nges, to 31-

year-old J27, known as Blackberry. J27 is one of three males of this age cohort, and they are 

currently the oldest males surviving whales in this population. Males were previously expected 

to live into their 50s, but in recent years, 30 is now considered old. Yet paternity tests show that 

males over the age of 40 have been sires of calves in the past. Of particular concern is that five of 

the males in poor condition are under 15 years old, similar in age to K44 who is currently 

missing. This is alarming because losing males before they get to reproductive age shrinks the 

gene pool, thereby increasing risks associated with inbreeding. It is also of concern because 

losing so many males that are around the same age can create a gap in the cohort of males to 

mature to the age and size large and desirable for breeding. When that happens, females will 

need to mate with less desirable males, which can adversely impact population health. 

14. In addition to the 13 whales classified as vulnerable, SR3 flagged two seven-year-

olds as underdeveloped, and small for their age, thus creating concern for over 15 individuals in 

total: that is 20% of the population and is simply unprecedented. What is more concerning is that 

this statistic does not even consider or designate whales of concern for members of K pod 

because they had not been in inland waters in recent months and therefore could not be assessed 

by SR3. Based on current conditions and K44 being missing, it is my opinion that well over 20% 

of the SRKW population may qualify as being classified as vulnerable. 
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15. On June 29, 2021, Fisheries and Oceans Canada—NMFS’s agency counterpart—

announced long-term commercial fisheries closures and a fishery license retirement program to 

reduce fishing pressure on stocks of conservation concern in an effort to save Pacific salmon 

pursuant to the Pacific Salmon Strategy Initiative, which has an allocated funding of $647.1 

million. See Ex. B. 

16. In 2021, this corresponded with Fisheries and Oceans Canada ordering the 

closures of nearly 60% of its commercial salmon fisheries. To mitigate economic impacts, a 

voluntary salmon license retirement program was made available to commercial fisheries to 

retire their licenses at fair market value, with a goal also to transition to a smaller commercial 

fishing sector. See Ex. B. 

17. This announcement came in tandem with Canada’s first implementation of a new 

pilot program of management measures to protect the SRKW by closing selected Gulf Island 

fisheries after the first confirmed presence of the SRKW in these waters. On July 1, 2021, 

members of K pod briefly returned to the Salish Sea, triggering closures from July 4 until 

October 31. In 2022, these area-based fishery closures for commercial and recreational salmon 

are in place again since the arrival of J pod in the Salish Sea on May 27 and will be in force until 

October 31. See Ex. C. 

18. It is my professional opinion that SRKW, under existing conditions, are not 

getting enough Chinook salmon throughout their entire range. Overall conditions appear to have 

worsened as Chinook returns through the Salish Sea, but also to the Columbia River Basin, have 

been insufficient to maintain their daily prey energy requirements throughout the past few years. 

I believe SRKW need an immediate increase in the abundance of Chinook available to them to 

avoid functional extinction, as the current low birth rate, with high early mortality is simply 

unsustainable. 
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Exhibit A
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RULE-MAKING ORDER 
EMERGENCY RULE ONLY 

CODE REVISER USE ONLY 

CR-103E (December 2017) 
(Implements RCW 34.05.350 

and 34.05.360) 

Agency: Washington Department of Fish and Wildlife (WDFW) 

Effective date of rule: 
Emergency Rules 

☒ Immediately upon filing.

☐ Later (specify)

Any other findings required by other provisions of law as precondition to adoption or effectiveness of rule? 

☐ Yes     ☒ No     If Yes, explain: 

Purpose: The Southern Resident killer whales (SRKW) are a distinct population segment of North Pacific killer 

whales. The SRKW have a high risk of extinction and are classified as endangered under the Endangered Species 

Act, and their listing was reaffirmed by NOAA in January of 2022. They also are listed as endangered at the State 

level, and orca are identified as a Species of Greatest Conservation Need under the State Wildlife Action Plan. The 

SRKW are comprised of three family groups (pods): J pod, K pod, and L pod. Each individual whale has an alpha-

numeric identifier that corresponds with its pod and birth order. Because individual whales are identifiable and 

documented, the health and status of each whale can be measured and tracked over time. 

In June of 2022, the SeaLife Response Rehabilitation and Research (SR3) team contracted by WDFW to monitor 

Southern Resident killer whale (SRKW) body condition concluded their analysis of SRKW observations collected 

between September 2021 and April 2022. 

Body Condition: SR3 uses measurements taken from drone photographs and statistical analyses detailed in Stewart 

et al. (2021) to identify whales in poor condition, which means the orca’s body condition falls in the lowest 20% of 

measurements for their age and sex compared to comparable measurements from 2016-2022. This lowest body 

condition state is classified as “BC1.” The best available science suggests that whales measured to be in the “poor 

condition” state had a significantly increased (2-3 times higher) probability of subsequent mortality. 

There were 12 whales in the BC1 state from J and L pods, including one calf (C), one adult male (M), five adult 

females (F), one juvenile (J) and four sub-adult males (S): J27(M), J36(F), J44(S), J49(J), J56(C), L54(F). L83(F), 

L90(F), L94(F), L110(S), L116(S), and L117(S). 

This includes six whales that were measured to be in BC1 in both September 2021 and fall-spring 2022, plus an 

additional L pod female (L94) that was not imaged in September. Additionally, there were four whales which have 

declined into poor condition since September and are now listed as BC1 (J27, J44, J49, L90). L54 was not imaged 

in the fall-spring 2022 period, but is on the list because she was measured to be BC1 when last imaged in 

September 2021. Typically, when the Southern Residents return to the Salish Sea in the spring, they are 

significantly leaner than in the fall (Fearnbach et al. 2019), and thus we have no reason to believe that L54’s 

condition has improved. No K pod whales were imaged in the fall-spring 2022 period, but none were measured to 

be in BC1 in September 2021 when all were imaged. 

Late-Stage Pregnancy: There is a high rate of failed pregnancies in SRKW (Wasser et al. 2017), and failed 

pregnancy can be lethal (Raverty et al. 2020). Late-stage pregnancy requires more food, as much as 25% in the 

final month of gestation (Kriete 1995). Vessels compound food stress, particularly for females (Holt et al. 2021). 

SR3 analyzed all of the female SRKW of reproductive age (33 whales, ages >8 and <50) to identify any whales 

that may be pregnant, and particularly any in the latter half of pregnancy (p>0.75 probability of being within 9 
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months of birth, out of an approximately 17-month gestation period). Four females were determined to fall in this 

classification when last measured: K12, K20, K27, and L72. Recent online videos show a young calf traveling with 

K pod, and most likely one of K12, K20, or K27 is the mother. These K pod whales were last measured in 

September 2021, so we expect these pregnancies may have ended as of late June 2022. However, if these whales 

are encountered and still exhibit signs of late-stage pregnancy, an emergency rule at that time will be warranted. 

Currently, we expect L72 remains in late-stage pregnancy, meriting vulnerable status. As a reminder, calves and 

their mothers receive extra protection via WAC 220-460-110, which prohibits motorized commercial whale 

watching vessels from approaching within one-half nautical mile of a group of SRKW that contains a calf of under 

one year of age. 

Other Factors: Beyond the factors described here, WDFW may determine a whale is vulnerable based on other 

criteria. For example, whales showing signs of illness or injury (emaciated appearance, collapsed dorsal fin, 

lacerations, entanglement, vessel strike, etc.) would merit extra protection. Additionally, whales that exhibit a 

dramatic or sudden decline in body condition (for example, dropping two body condition states over a short period 

of time) or calves that show constrained growth may raise cause for alarm and merit a vulnerable status 

designation. At this time, no whales beyond those described above are being designated as vulnerable.  

Per WAC 220-460-110, the department is adopting an emergency rule to designate J27, J36, J44, J49, J56, L54, 

L83, L90, L94, L110, L116, L117, and L72 as vulnerable and thereby prevent commercial whale watching 

operators from approaching these individuals or a group containing any of these individuals within 0.5 nautical 

mile. This designation and the additional distance is necessary to ensure that the ability of these whales to survive 

is not hindered by the presence of vessels. 

Citation of rules affected by this order: 
New:     WAC 220-460-110D 
Repealed: 
Amended: 
Suspended:   

Statutory authority for adoption:  RCW 77.65.620 

Other authority: 

EMERGENCY RULE 
   Under RCW 34.05.350 the agency for good cause finds: 

☒ That immediate adoption, amendment, or repeal of a rule is necessary for the preservation of the public health,

safety, or general welfare, and that observing the time requirements of notice and opportunity to comment upon
adoption of a permanent rule would be contrary to the public interest.

☐ That state or federal law or federal rule or a federal deadline for state receipt of federal funds requires immediate

adoption of a rule.

Reasons for this finding: The imminent risk to an endangered species requires additional protection immediately.  

This emergency action is necessary to protect the public’s interest in the preservation of a vulnerable endangered 

animal.  

Note:   If any category is left blank, it will be calculated as zero. 
No descriptive text. 

Count by whole WAC sections only, from the WAC number through the history note. 
A section may be counted in more than one category. 

The number of sections adopted in order to comply with: 

Federal statute: New Amended Repealed 

Federal rules or standards: New Amended Repealed 

Recently enacted state statutes: New Amended Repealed 
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The number of sections adopted at the request of a nongovernmental entity: 

New  Amended Repealed 

The number of sections adopted on the agency’s own initiative: 

New    1   Amended Repealed 

The number of sections adopted in order to clarify, streamline, or reform agency procedures: 

New       Amended Repealed 

The number of sections adopted using: 

Negotiated rule making: New Amended Repealed 

Pilot rule making: New Amended Repealed 

Other alternative rule making: New Amended Repealed 

Date Adopted: June 30, 2022 

Name:  Kelly Susewind  

Title: Director, WDFW 

Signature:
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NEW SECTION 

WAC 220-460-110D Southern Resident Killer Whales J27, J36, J44, J49, J56, L54, L83, 

L90, L94, L110, L116, L117, and L72 

In conjunction with WAC 220-460-110(2), the department designates the Southern Resident 

Killer Whales J27, J36, J44, J49, J56, L54, L83, L90, L94, L110, L116, L117, and L72 as 

vulnerable individuals.  
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Exhibit B
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Canada.ca
 

Fisheries and Oceans Canada>

Minister Jordan announces long-term
commercial closures and Licence
Retirement Program  in effort to save
Pacific Salmon   
From: Fisheries and Oceans Canada

News release
June 29, 2021

Vancouver, British Columbia – Pacific salmon are in a long-term decline, with
many runs on the verge of collapse. The Government of Canada is taking
decisive steps under the Pacific Salmon Strategy Initiative (PSSI) to combat
these steep declines and give salmon a fighting chance at survival. The
decades-long declines are due to a complex combination of climate change,
habitat degradation, and harvesting impacts, and bold action is needed now to
stabilize and rebuild the stocks before it is too late.  

Today, the Honourable Bernadette Jordan, Minister of Fisheries, Oceans and
the Canadian Coast Guard, announced an initial step towards longer-term
reductions in fishing pressure on stocks of conservation concern with
significant commercial salmon closures for the 2021 season. These closures,
affecting Commercial salmon fisheries and First Nations Communal
Commercial fisheries, will further reduce pressure on salmon stocks and will
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be included in the 2021-22 Pacific Salmon Integrated Fisheries Management
Plan. These conservation-driven management decisions will provide strong
protection for the most fragile stocks of concern across the Pacific region.

New data from the North Pacific Anadromous Fish Commission (NPAFC), for
which Canada is a member, shows that the global catch of Pacific salmon in
2020 was the lowest since 1982. Strong management measures will be in place
for all salmon fishing sectors in 2021, and are in line with a precautionary
approach based on conservation and sustainability. These plans are outlined
in the 2021-2022 Salmon Integrated Fisheries Management Plan and will result
in closures to nearly 60 per cent of commercial salmon fisheries for the 2021
season. 

Understanding that stocks may need multiple generations to stabilize and
rebuild, and that these closures will have an economic impact on harvesters,
the Minister is also announcing the Pacific Salmon Commercial Transition
Program. This voluntary salmon licence retirement program will provide
harvesters with the option to retire their licences for fair market value and will
facilitate the transition to a smaller commercial harvesting sector.
Permanently removing fishing effort will support the economic viability of the
fishery in the long term, while closures will protect salmon stocks and give
them an opportunity to stabilize.

For First Nations communal-commercial harvesters, the Department will
meaningfully consult on options to shift to more selective fishing gear or,
where available, to licences for other non-salmon species. These mitigation
measures allow for continued economic opportunity agreements under the
communal-commercial licence, while helping reduce interactions with at-risk
stocks.
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Indigenous partners, harvesting groups and stakeholders have been calling
for change. Fisheries and Oceans Canada has been listening – the many
proposed projects in the PSSI answer that call for change. DFO has already
begun consultations, using the vast knowledge that already exists on how best
to bring about these changes and make the greatest impact on Pacific salmon
sustainability.

The Department will also be engaging immediately with First Nations,
harvesters, industry members and partners across the Pacific region on the
impacts of the commercial closures and the collaborative development of the
mitigation program. These much needed steps towards a new, modernized
commercial salmon management system are part of the Harvest
Transformation pillar under the $647.1 million PSSI – the largest, most
transformative investment Canada has ever made to save wild salmon.

The loss of salmon populations would be disastrous not just for the people
and wildlife that depend on them as a food source, but also for the many BC
communities whose jobs and ways of life depend on salmon. That’s why the
Government of Canada has taken, and will continue to take urgent and
concrete actions to ensure that salmon are protected for future generations.

Quotes
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“What cannot be debated is that most wild Pacific salmon stocks
continue to decline at unprecedented rates – we are pulling the
emergency brake to give these salmon populations the best chance at
survival. The decisions to implement new long term closures and
permanently remove effort from the commercial salmon fishery were
not easy, as they impact people, communities, and livelihoods. But
with fewer and fewer returning every year – disappearing before our
eyes – we have to act now. We will continue working closely with
industry, Indigenous communities, and partners as we move forward
with these initiatives and do everything in our collective power to save
pacific salmon and ensure a sustainable future. Together, we will turn
the corner.”

The Honourable Bernadette Jordan, Minister of Fisheries, Oceans and
the Canadian Coast Guard

Quick facts
The Government of Canada's $647.1-million Pacific Salmon Strategy
Initiative investment  is the largest-ever government investment in
efforts to save Pacific salmon. Through this investment, Canada will
guide a strategic and coordinated long-term response, rooted in
collaborative action, to stabilize and protect Pacific salmon for the
ecosystems, people, and communities that depend upon their
sustainability.

The 2021-2022 Salmon Integrated Fishery Management Plans will be
available soon, and a fishery notice will be released with further
information once they are posted on the DFO library.
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Management measures in recreational fisheries implemented in recent
years to protect salmon stocks of conservation concern continue to be
required.  Further details will be provided in final salmon IFMPs. 
(Recreational harvesters are requested to refer to the DFO website for
current regulations in the area they plan to fish) 

Many salmon species migrate back to their natal rivers at the same
time. In some marine areas larger commercial fisheries cannot
selectively fish for abundant stocks without potentially catching at-risk
stocks.

In 2019, DFO published a State of Pacific Salmon report that outlined
how salmon are responding to climate and habitat changes. Many key
indicators show Pacific salmon stocks are declining to historic lows. For
instance, 50 Pacific salmon populations are currently under
consideration for potential listing under the Species at
Risk Act, or pending assessment by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC). 

Pacific salmon have social, cultural, and economic significance for
many Canadians. After conservation, the Department has a legal
obligation to provide priority access for First Nations food, social and
ceremonial (FSC) and treaty fisheries, but in recent years many have
not been able to meet their harvest allocations because of low salmon
returns.

Associated links
Backgrounder

Fishery closure Information

Pacific Salmon Strategy Initiative
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Pacific Salmon Facts

State of Pacific Salmon Report

Contacts
Jane Deeks 
Press Secretary 
Office of the Minister of Fisheries, Oceans and the Canadian Coast Guard 
343-550-9594 
Jane.Deeks@dfo-mpo.gc.ca

Media Relations 
Fisheries and Oceans Canada 
613-990-7537 
Media.xncr@dfo-mpo.gc.ca

Stay connected
Follow Fisheries and Oceans Canada on Twitter, Facebook, Instagram
and YouTube.
Follow the Canadian Coast Guard on Twitter, Facebook, Instagram and
YouTube.
Subscribe to receive our news releases and more via RSS feeds. For
more information or to subscribe, visit http://www.dfo-
mpo.gc.ca/media/rss-eng.htm

Search for related information by keyword: EC Economics and Industry |
NE Nature and Environment | Fisheries and Oceans Canada | Canadian
Coast Guard | British Columbia | Environment and natural resources |
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Business and industry | general public | news releases | Hon. Bernadette
Jordan

Date modified:
2022-06-22
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2022 management measures to protect
Southern Resident killer whales

Area-based �shing closures for commercial and recreational salmon
are in place in around Swiftsure Bank (portions of  Subareas 20-1, 121-
1 and 121-2) from July 15 until October 31, 2022; and a portion of the
Juan de Fuca Strait (Subarea 20-5) from August 1 until October 31,
2022; and near the mouth of the Fraser River (Subarea 29-3) from
August 1 to September 30, 2022. Speci�c coordinates can be found in
FN0730. More information below.

The decline of the endangered Southern Resident killer whale population is
linked to threats such as noise and disturbance from boats, and reduced
availability of their preferred prey, chinook salmon, as well as chum and
coho salmon. Chinook salmon are a vital food source for Southern Resident
killer whales but wild populations have declined dramatically in recent
years. To address these threats, we are implementing management
measures to protect salmon and to minimize disturbance from vessels. We
have also initiated actions to reduce the threat of contaminants.

Maps of management measures
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Overview of management measures

Overview of management measures

Download alternate format (.PDF)

Description: Overview of management measures to protect
Southern Resident killer whales

Mouth of the Fraser River

Mouth of the Fraser River management measures

Download alternate format (.PDF)
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Description: Mouth of the Fraser River management measures

Gulf Islands

Gulf Islands management measures

Download alternate format (.PDF)
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Description: Gulf Islands management measures

Juan de Fuca

Juan de Fuca management measures

Download alternate format (.PDF)
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Description: Juan de Fuca management measures

Swiftsure Bank

Swiftsure Bank management measures

Download alternate format (.PDF)
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Area-based fishing closures
Fishery management measures include closures to help increase the
availability of salmon and decrease vessel disturbance in key Southern
Resident killer whale foraging (feeding) areas o� the west coast of
Vancouver Island (Swiftsure Bank), the Juan de Fuca Strait, the Gulf Islands,
and at the mouth of the Fraser River within Southern Resident killer whale
critical habitat.

Description: Swiftsure Bank management measures
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Area-based �shing closures for commercial and recreational salmon are in
place in around Swiftsure Bank (portions of Subareas 20-1, 121-1 and 121-
2) from July 15 (following the expiry of the chinook non-retention measures)
until October 31, 2022; and a portion of the Juan de Fuca Strait (Subarea 20-
5) from August 1 (following the expiry of the chinook non-retention
measures) until October 31, 2022. New in 2022, area-based �shing closures
will be in place at the mouth of the Fraser River (Subarea 29-3) from August
1 to September 30, 2022.

Similar to 2021, a �shing closure protocol is in e�ect for the Southern Gulf
Islands recreational and commercial salmon �sheries where �shery
closures are triggered to be implemented by the �rst con�rmed presence
of Southern Resident killer whales in the area. The Vancouver Fraser Port
Authority Enhancing Cetacean and Observation (ECHO) Program, working
closely with its local partners, and our Whale Tracking Network began
monitoring the area on May 5, 2022, and con�rmed Southern Resident
killer whale presence which initiated the closures from May 27 to October
31, 2022.

Fishers are also asked to voluntarily stop �shing (do not haul gear) within
1000m of killer whales as a best practice to reduce competition for their
food and disturbance in their presence.

Interim Sanctuary Zones
To further reduce acoustic and physical disturbance from vessels in key
portions of Southern Resident killer whale foraging areas, Interim
Sanctuary Zones are in e�ect from June 1 to November 30, 2022.
Speci�cally, vessel tra�c will be prohibited o� North Pender and Saturna
Islands as per the Interim Order enacted under the Canada Shipping Act.

Case 2:20-cv-00417-RAJ-MLP   Document 127-1   Filed 09/07/22   Page 28 of 31

2-SER-371

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 71 of 300
(375 of 992)

https://www.portvancouver.com/environmental-protection-at-the-port-of-vancouver/maintaining-healthy-ecosystems-throughout-our-jurisdiction/echo-program/
https://tc.canada.ca/en/interim-order-protection-killer-whale-orcinus-orca-waters-southern-british-columbia


8/30/22, 2:17 PM 2022 management measures to protect Southern Resident killer whales | Pacific Region | Fisheries and Oceans Canada

https://www.pac.dfo-mpo.gc.ca/fm-gp/mammals-mammiferes/whales-baleines/srkw-measures-mesures-ers-eng.html#overview 8/10

Some exceptions will apply, for example vessels involved in Indigenous
�shing for food, social or ceremonial purposes and vessels involved in
emergency response.

Seasonal Slowdown Areas
2 new Seasonal Slowdown Areas are being piloted near Swiftsure Bank
from June 1 until November 30, 2022. All vessels are required to slow down
to a maximum of 10 knots while in the areas with limited exceptions. The
�rst area is in the Protected Fisheries Management Area 121-1 and the
second Seasonal Slowdown Area is located near the mouth of the Nitinat
River from Carmanah Point to Longitude 125 degrees west. This measure is
separate from the voluntary slowdowns coordinated by the ECHO Program.

Voluntary large commercial vessel
measures
The Vancouver Fraser Port Authority ECHO Program is continuing the
voluntary large Commercial Slowdown in Haro Strait and Boundary Pass, as
well as Swiftsure Bank (inbound and outbound), as well as the lateral
displacement in Juan de Fuca Strait.

Avoiding whales
To address vessel disturbance of killer whales, a mandatory vessel
approach distance of never closer than 400m for all killer whales, as per the
Interim Order enacted under the Canada Shipping Act, will remain in e�ect
until May 31, 2023 in southern BC coastal waters between Campbell River
and just north of Ucluelet.

Case 2:20-cv-00417-RAJ-MLP   Document 127-1   Filed 09/07/22   Page 29 of 31

2-SER-372

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 72 of 300
(376 of 992)



8/30/22, 2:17 PM 2022 management measures to protect Southern Resident killer whales | Pacific Region | Fisheries and Oceans Canada

https://www.pac.dfo-mpo.gc.ca/fm-gp/mammals-mammiferes/whales-baleines/srkw-measures-mesures-ers-eng.html#overview 9/10

The Marine Mammal Regulations remain in e�ect year-round. This requires
staying:

200 metres away from all killer whales in Canadian Paci�c waters other
than those described above
200 metres away from all whales, porpoises and dolphins when in
resting position or with a calf
100 metres for other whales, porpoises and dolphins

Boating around whales
When out on the water, there are additional actions you can take voluntarily
to protect killer whales, as well as other marine mammals:

Stop �shing (do not haul gear) within 1000m of killer whales
Reduce speed to less than 7 knots when within 1000m of the nearest
whale
When safe to do so, turn o� echo sounders and �sh �nders
Place engine in neutral idle and allow animals to pass if your vessel is
not in compliance with the approach distance regulations
For more information on the best ways to help whales while on the
water, on both sides of the border, please visit: Be Whale Wise

Contaminants
The Government of Canada continues to address the threat of
contaminants by strengthening regulations, developing guidelines, and
increasing research and monitoring. As part of the Government’s e�ort to
share information and data, the Pollutants A�ecting Whales and their Prey
Inventory Tool (PAWPIT), an interactive mapping tool, is now available
online. The tool shows estimates of pollutant releases by all identi�ed
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sources within the habitats of Northern and Southern Resident killer
whales and chinook salmon. The tool also displays estimated ambient
contaminant loads in the Fraser River Basin, and indicates where
environmental quality guidelines were exceeded.

Related links
Watching marine wildlife
Parks Canada: Southern Resident killer whale outreach
Reducing the threat of contaminants to Southern Resident killer whales
Reports, publications and videos related to the protection of Southern
Resident killer whales
Interim Order for the Protection of the Killer Whale (Orcinus orca) in
the Waters of Southern British Columbia, 2022
Summary of input provided on management measures to address key
threats to Southern Resident Killer Whales

Date modi�ed:
2022-07-28
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1. NMFS relies on uncertain mitigation in determining that the Southeast Alaska 
salmon fisheries authorized by the 2019 SEAK BiOp will not jeopardize 
endangered Southern Resident Killer Whales and threatened Chinook salmon; 

 
2. NMFS fails to draw a rational connection between the facts found and its 

conclusion that the Southeast Alaska salmon fisheries authorized by the 2019 
SEAK BiOp will not jeopardize endangered Southern Resident Killer Whales; 

 
3. The 2019 SEAK BiOp violates the ESA by assuming the supposed benefits to 

Southern Residents from mitigation measures that would increase hatchery 
production (the “prey increase program”), without evaluating whether the prey 
increase program will jeopardize threatened salmonids; and 

 
4. The incidental take statement (“ITS”) included in the 2019 SEAK BiOp fails to 

establish an adequate limit on the amount of “take” of Southern Residents 
authorized to occur as a result of the Southeast Alaska salmon fisheries. 

Dkt. No. 91 at 21–35. 

 The R&R finds that the 2019 SEAK BiOp is arbitrary, capricious, and not in accordance 

with law under the APA based on the first and third deficiencies identified above. Dkt. No. 111 

at 25–33. Based on that ruling, the R&R declines to address the other two errors. Id. at 25 n.4. 

Remedies for NMFS’s ESA and NEPA violations have not been addressed, but rather will be 

resolved following the Court’s resolution of objections to the R&R. Id. at 39. 

III. ARGUMENT. 

 A. All Deficiencies in the 2019 SEAK BiOp Should be Resolved. 

 The Court should resolve the two additional deficiencies with NMFS’s 2019 SEAK BiOp 

addressed in the Conservancy’s summary judgment briefing but not resolved by the R&R. The 

full scope of legal errors in NMFS’s analyses may be relevant to the Court’s future assessment of 

an appropriate remedy. 

 The APA instructs that a “reviewing court shall . . . set aside agency action” that is 

“arbitrary . . . or otherwise not in accordance with the law . . . .” 5 U.S.C. § 706(2)(A). This 

provision demands a “presumption of vacatur.” E.g., All. for the Wild Rockies v. U.S. Forest 

Serv., 907 F.3d 1105, 1121–22 (9th Cir. 2018). An invalid action will be left in place during a 

remand “only in limited circumstances” and “only when equity demands.” Pollinator 
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Stewardship Council, 806 F.3d at 532 (quotations omitted). Two factors are considered: “how 

serious the agency’s errors are ‘and the disruptive consequences of an interim change’” that may 

result from vacatur. Cal. Cmtys. Against Toxics v. U.S. Env’t Prot. Agency, 688 F.3d 989, 992 

(9th Cir. 2012) (quoting Allied-Signal, Inc. v. U.S. Nuclear Regul. Comm’n, 988 F.2d 146, 150–

51 (D.C. Cir. 1993)). 

 The legal errors identified in the R&R are serious violations that warrant vacatur of the 

2019 BiOp, including the ITS,1 while NMFS complies with its legal obligations. See, e.g., 

Pollinator Stewardship Council, 806 F.3d at 532–33; Klamath-Siskiyou Wildlands Ctr. v. Nat’l 

Oceanic & Atmospheric Admin. Nat’l Marine Fisheries Serv., 109 F. Supp. 3d 1238, 1243–45 

(N.D. Cal. 2015). However, such remedy issues have yet to be addressed by the Court, and the 

full scope of NMFS’s legal errors may be relevant to the future proceedings on remedy. See, e.g., 

Sovereign Iñupiat for a Living Artic v. Bureau of Land Mgmt., Nos. 3:20-cv-00290-SLG, 3:20-

cv-00308-SLG, 2021 U.S. Dist. LEXIS 155471, at *85–86 (D. Alaska Aug. 18, 2021) (agency’s 

several errors were serious); Klamath-Siskiyou Wildlands Ctr., 109 F. Supp. 3d at 1243–45 

(several ESA and NEPA errors were serious). 

 Accordingly, the Conservancy respectfully requests that the Court resolve the two 

additional deficiencies with the 2019 SEAK BiOp not addressed in the R&R, which the 

Conservancy summarizes below but addressed more comprehensively in its summary judgment 

and preliminary injunction briefing. See Dkt. No. 14 at 26–28; Dkt. No. 44 at 15–16; Dkt. No. 91 

at 27–30, 35; Dkt. No. 96 at 16–18, 22.  

 

                                                                  
1 The Conservancy anticipates seeking only partial vacatur of the 2019 SEAK BiOp and ITS that 
is focused on the fisheries most harmful to Southern Resident Killer Whales and threatened 
Chinook salmon, and that is focused on the prey increase program. See Coal. to Protect Puget 
Sound v. U.S. Army Corps of Eng’rs, 466 F. Supp. 3d 1217, 1226–27 (W.D. Wash. 2020) 
(ordering targeted partial vacatur), aff’d 843 Fed. App’x 77, 80 (9th Cir. Feb. 11, 2021); see also 
Monsanto Co. v. Geertson Seed Farms, 561 U.S. 139, 165–66 (2010) (“If a less drastic remedy 
(such as partial or complete vacatur [of the agency] decision) [is] sufficient to redress [the] 
injury, no recourse to the additional and extraordinary relief of an injunction [is] warranted.”). 
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itself subject to the ESA consultation do not provide an adequate “trigger” for the reinitiation of 

consultation because they are incapable of measuring whether the action is causing more harm to 

the protected species than initially predicted. Or. Nat. Res. Council v. Allen, 476 F.3d 1031, 

1038–41 (9th Cir. 2007). As such, the take limit is impermissible under the ESA. See id. 

 NMFS has suggested that the Court should deviate from this Ninth Circuit precedent in 

light of a public notice discussing NMFS’s 2015 revisions to its ESA regulations. See Dkt. 93 at 

37 (quoting 80 Fed. Reg. 26,832, 26,834 (May 11, 2015)). However, that discussion 

contemplated a take limit that is coextensive with the impacts of the action on the protected 

species; the discussion did not undermine Ninth Circuit precedent prohibiting a take limit that is 

coextensive with only the action itself. See id. (citing 80 Fed. Reg. at 26,834). Moreover, 

NMFS’s public notice explicitly stated that the regulatory revisions at issue were intended to be 

consistent with existing case law. 80 Fed. Reg. at 26,834, 26,843–44. 

 Accordingly, the Court should hold that the 2019 SEAK BiOp fails to establish an 

adequate limit on take of Southern Residents caused by the Southeast Alaska salmon fisheries. 

IV. CONCLUSION. 

 For the forgoing reasons, the Conservancy respectfully requests that the Court adopt the 

Magistrate Judge’s R&R with two exceptions. First, the Conservancy requests that the Court 

hold that the 2019 SEAK BiOp is arbitrary and not in accordance with law under the APA 

because it fails to draw a rational connection between the facts found and the conclusion that the 

Southeast Alaska salmon fisheries are not likely to jeopardize the Southern Resident Killer 

Whales. Second, the Conservancy requests that the Court hold that the 2019 SEAK BiOp is 

arbitrary and not in accordance with law under the APA because it fails to set an adequate limit 

for take of Southern Resident Killer Whales caused by the Southeast Alaska salmon fisheries. 

Respectfully submitted this 12th day of October, 2021. 
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UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator for the National 
Marine Fisheries Service, et al., 
 
      Defendants, 
 
and 
 
ALASKA TROLLERS ASSOCIATION, 
 
      Defendant-Intervenor. 
___________________________________ 
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Case No. 2:20-cv-00417-RAJ-MLP 
 
SECOND DECLARATION OF 
GORDON LUIKART, Ph.D. 

I, Gordon Luikart, declare the following to which I am competent to testify under penalty 

of perjury of the laws of the United States: 

1. I previously prepared a declaration that was dated February 24, 2021, and 

submitted in this matter on May 5, 2021—Declaration of Gordon Luikart, Ph.D., Dkt. No. 91-5 

(“First Luikart Declaration”). The First Luikart Declaration described my professional 

qualifications and the work that I had performed and the opinions that I had developed in this 

matter up to that point. I do not repeat those efforts here, but instead incorporation them with this 
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reference. 

2. In preparing this Second Luikart Declaration, I have considered the following 

additional materials not addressed in the First Luikart Declaration: 

a. Declaration of Allyson Purcell, National Marine Fisheries Service, West Coast 

Region, and exhibits thereto, Dkt. No. 93-3 (“ Purcell Declaration”); 

3. Having reviewed the Purcell Declaration and the exhibits thereto, my opinions 

expressed in the First Luikart Declaration remain unchanged. I find nothing in the Purcell 

Declaration that leads me to revise the analysis and conclusions of the First Luikart Declaration. 

4. Ms. Purcell asserts that my calculation of potential increases of pHOS levels in 

Chinook salmon populations of the lower Columbia River ESU listed as threatened under the 

ESA “has a major flaw … because he assumes all of the adult fish returning to the Columbia 

River basin as a result of the prey increase program will return to a small number of tributaries 

on the Washington side of the Lower Columbia River.”  This is not correct.  I did not assume all 

the fish return to a few tributaries on the Washington side of the Lower Columbia River. Even if 

only a small number return to the Lower Columbia River, it will increase pHOS above the 

already unacceptably high levels. 

5. Ms. Purcell mischaracterizes my analysis of the likely increase in pHOS levels in 

the Lower Columbia River. First, I believe it is important to note that my analysis had to be very 

general due to the lack of specific detail in NMFS’s 2019 SEAK Biological Opinion in regard to 

the following: the number of adult hatchery fish that NMFS expects will be produced by the prey 

increase program for Puget Sound, the Washington Coast, and the Lower Columbia River; the 

expected harvest that might occur on those adults under the provisions of the 2019 Pacific 

Salmon Treaty; how many of the adult Chinook salmon produced by the prey increase program 

are expected to escape both harvest and predation by Southern Resident killer whales and return 

to the rivers in the vicinity of the locations from which the smolts were released; and, how many 

of these additional returning adult hatchery Chinook salmon end up straying onto natural 
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spawning grounds, thereby further increasing pHOS levels above their current levels. An 

additional shortcoming in the data relevant to hatchery stray rates available from federal (NMFS 

and USFWS) and state (Washington and Oregon Departments of Fish and Wildlife, WDFW, and 

ODFW, respectively) agencies is the absence of data with which to estimate the numbers and 

proportions of returning adult Chinook salmon from specific hatchery programs that stray to 

specific tributaries where they contribute to pHOS levels. This requires sampling of fish on the 

spawning grounds to acquire tissue samples for DNA analysis and/or to recover PIT or coded-

wire tags (CWTs). Rather, pHOS levels, such as those reported in WDFW’s Score database from 

which the data in Table 1 of the First Luikart Declaration were obtained, are obtained from 

visual identification of Chinook hatchery adults with missing adipose fins. Consequently, there is 

little if any available data regarding which hatchery populations stray into which tributaries, 

thereby contributing to pHOS levels in those tributaries. The analyses I undertook to provide the 

estimates of the additional risk to Chinook salmon populations in the Lower Columbia River and 

other ESUs had, therefore, to be made at a more general level.  

6. In order to provide a credible estimate of the risk that the straying of such fish 

likely pose to Chinook populations already experiencing significantly high levels of pHOS (see, 

Table 1 in the First Luikart Declaration, Dkt. No. 91-5) I was required to make conservative 

assumptions to estimate the number of stray adults from the prey release program that might 

result from the increased Chinook hatchery smolt releases. See id. at ¶ 58–62. For the Lower 

Columbia River, I conservatively estimated that up to 15,000 adult hatchery Chinook from the 

Columbia River prey increase programs may stray into tributaries of the Lower Columbia River. 

Ms. Purcell challenges neither those assumptions nor the numbers of potential strays to the 

Lower Columbia River that I estimate. Rather, she opines that my alleged estimates overestimate 

“future pHOS in Washington’s Lower Columbia River Chinook populations and overestimate 

the genetic risk to the Lower Columbia River Chinook Evolutionarily Significant Unit as a 

whole” Purcell Declaration, ¶ 18.   
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7. The assertion that I overestimate the potential increase in pHOS levels is incorrect 

and misleading. I did not attempt to provide estimates of any increases in pHOS levels of any 

specific tributary population. Rather in Table 1 of the First Luikart Declaration, I noted the 

current very high levels of pHOS in Lower and Mid-Columbia river tributaries, including several 

“primary” populations considered essential to the recovery of the Chinook ESUs to which they 

belong. I merely noted that the straying of any number of the estimated 15,000 additional stray 

adult hatchery Chinook salmon from the prey increase program would likely be biologically 

significant and pose an additional threat to the survival and recovery of any or all of these 

populations. Even a total of 100 to 1,000 stray adults from the prey increase programs straying 

into several of the Washington State tributary populations listed in Table 1 of the First Luikart 

Declaration would significantly increase some or most of the currently too-high pHOS levels in 

these tributaries due to their currently low population sizes. For example, among the affected 

Washington State tributary populations in the Lower Columbia River are three small populations 

classified as “primary populations”: Abernathy, Germany, and Mill creeks. These range in mean 

total adult spawners in the majority of years since 2010 of 147 (Abernathy Creek) to 719 (Mill 

Creek), of which 129 to 313 are hatchery fish, resulting in average pHOS levels of 44% (Mill 

Creek), 88% (Abernathy Creek), and 89% (Germany Creek). (First Luikart Declaration Table 1). 

The pHOS of 44% in Mill Creek is dangerously high and continuation of this level with no 

increase from additional hatchery smolt releases poses a continuous biological threat to the 

survival of this population. The situation in Abernathy and Germany creeks is worse. Straying of 

an additional 10 hatchery Chinook from the prey increase program in the Lower Columbia into 

each of these populations would increase pHOS to 95% (Abernathy), 93% (Germany), and 45% 

(Mill). The recent pHOS levels in these three populations and those in most of the other 

populations in the Lower Columbia River ESU listed in Table 1 of the First Luikart Declaration 

are already dangerously high from a conservation genetics perspective, for the several reasons 

described in the First Luikart Declaration. Hence, any further increase in any of these pHOS 
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levels further increases the threat to the survival and recovery of these populations, and the ESU 

as a whole.  

8. These pHOS levels in the Columbia River tributaries are required by the Mitchell 

Act BiOp to be reduced significantly. See AR 13267–72, 13666, 13677. However, the prey 

increase program for Southern Resident killer whales will very likely increase pHOS in many of 

the threatened populations of ESA-listed Chinook salmon.  

9. It is correct that I focused my discussion of pHOS in Lower Columbia tributaries 

on pHOS data from Washington State, as these constitute the majority of rivers and streams in 

the Lower Columbia River with Chinook populations, the pHOS data were readily available 

from WDFW’s public website, and these data for Washington tributaries were sufficient to 

illustrate the credibility of the threat posed to the Lower Columbia River Chinook salmon ESU 

from straying from the hatchery smolt increases proposed.  

10. Estimating the genetic and associated ecological threats to tributary populations in 

the ESA-listed ESUs that will be affected by the proposed hatchery smolt increases is 

compromised by NMFS’ failure to provide quantitative data on the number of adult Chinook 

salmon that NMFS expects to be produced from the additional 20 million hatchery Chinook 

salmon, how many numbers represent the 4% to 5% prey increase postulated to be made 

available to Southern Residents, how many are likely to escape harvest and predation and stray 

into tributary populations, and what NMFS estimates the impact on those ESA-listed tributary 

populations is likely to be. The Purcell Declaration provides no such quantitative estimates, only 

unsupported assertions that no increases will be allowed that would pose genetic risks to ESA-

listed salmon. See Purcell Declaration. ¶¶ 19, 21. It would have been helpful had Ms. Purcell 

provided data showing estimates of potential additional straying and associated genetic and 

ecological impacts on tributary populations in the Chinook salmon ESUs that are predicted from 

the prey increase program. It is clear that straying from the additional hatchery smolt releases are 

likely to increase pHOS and negatively impact several or many ESA-listed tributary populations 
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(e.g., Table 1 of the First Luikart Declaration). 

CONCLUSION 

11. In conclusion, the Purcell Declaration mischaracterizes the analyses in the First 

Luikart Declaration and provides no data, quantitative analyses, or other relevant information 

that causes me to alter in any way the details or conclusions of the First Luikart Declaration. I re-

affirm the analyses and conclusions therein with respect to the risk to Chinook populations in the 

Lower Columbia River ESU (or in Washington Coast and Puget Sound Chinook populations) 

posed by additional straying of hatchery Chinook from the prey increase program. That program 

will likely increase the already unacceptably high pHOS and thereby harm threatened 

populations of ESA-listed Puget Sound Chinook. 
  

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing is true 

and correct. 

DATED this 8th day of June, 2021. 

 

 

           
Gordon Luikart, Ph.D. 
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I, Allyson Purcell, declare and state as follows: 

 

Introduction 

1.  I am the Branch Chief for the National Marine Fisheries Service’s (NMFS’s) West Coast 

Region’s Anadromous Production and Inland Fisheries Branch.  I have been in this position 

since 2017.  I oversee a team of biologists, who work with hatchery operators across Oregon, 

Washington, and Idaho to ensure their hatchery programs do not jeopardize the survival and 

recovery of species listed under the Endangered Species Act (ESA).  In addition, the 

Anadromous Production and Inland Fisheries Branch administers the Mitchell Act grant 

program, which provides approximately $16 million in annual funding for hatchery programs in 

the Columbia River Basin. 

2.  I have worked for NMFS since 2002.  Since 2002, my primary duties have included 

evaluating salmon and steelhead hatchery programs under the ESA and National Environmental 

Policy Act (NEPA).   

3.  I hold a Master of Science in Fisheries and Allied Aquaculture from Auburn University 

and a Bachelor of Science in Biology from Vanderbilt University. 

4.  In this declaration, I describe the current status of the Pacific Salmon Treaty’s hatchery 

production initiative for Southern Resident killer whales (SRKW) (hereafter known as the “prey 

increase program”).  I also describe the related ESA and NEPA analyses that have been 

completed on the hatchery programs being used to augment SRKW prey.  In preparing for this 

declaration, I have reviewed the 2019 Biological Opinion on the Consultation on the Delegation 

Case 2:20-cv-00417-RAJ-MLP   Document 93-4   Filed 05/26/21   Page 2 of 194

2-SER-387

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 87 of 300
(391 of 992)



 
 

Case No. 2:20-CV-417-RAJ-MLP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

of Management Authority for Specified Salmon Fisheries to the State of Alaska (2019 Opinion). 

I also reviewed the Plaintiff’s Motion for Summary Judgment. 

The Pacific Salmon Treaty’s Prey Increase Program  

5.  In April 2019, NMFS published the 2019 Opinion. One of the proposed actions evaluated 

in the 2019 Opinion was a programmatic action to fund a conservation program for critical Puget 

Sound Chinook salmon stocks and SRKW. One of the three elements of that funding program 

was to increase the production of hatchery Chinook salmon to provide an increase in prey 

availability for SRKW (prey increase program) 

6.  In the 2019 Opinion, NMFS proposed that the prey increase program would operate each 

year at a cost of no less than $5.6 million per year, including an adjustment for administrative 

overhead.  The intent of the prey increase program was to provide a meaningful increase in the 

abundance of age 3-5 Chinook salmon in the times and areas most important to SRKW in order 

to increase the prey base.   

7.  In the 2020 Fiscal Year appropriation, the National Oceanic and Atmospheric 

Administration (NOAA) received $35.5 million from Congress to address all responsibilities and 

commitments associated with for implementation of the 2019 Pacific Salmon Treaty Agreement. 

Public Law 116-93, January 2020; Rumsey Decl. Dkt. # 43-4.  The 2020 Pacific Salmon Treaty 

Spend Plan allocated $19.1 million for ESA conservation related activities, of which $5.6 million 

was allocated for the prey increase program.  Thus, funding for the prey increase program was 

secured in the 2020 Fiscal Year at the level proposed in the 2019 Opinion.  In addition to the 

Fiscal Year 2020 funds that NOAA spent on the prey increase program, the Washington State 
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Legislature provided approximately $13 million of funding in the 2019-2021 biennium to 

increase prey abundance for SRKW (Engrossed Substitute House Bill 1109).   

8.  In accordance with the programmatic nature of the proposal, the 2020 Pacific Salmon 

Treaty Spend Plan allocated $5.6 million to the prey increase program, but it did not identify the 

site-specific details of the increased hatchery production (e.g., what operators would receive the 

Fiscal Year 2020 funding, what stocks of Chinook salmon would be raised, what hatcheries 

would be used, and where the fish would be released).  Therefore, I and my staff worked with 

State, Tribal, and Federal hatchery operators in Washington, Oregon, and Idaho to identify 

“candidate” hatchery programs to receive Fiscal Year 2020 funding and the site-specific details 

associated with each proposal for increased production as contemplated in the 2019 Opinion.  

The following criteria were used to identify candidate programs: 

 Criteria 1: Increased hatchery production should be for Chinook stocks that are a high 

priority for SRKW (Southern Resident Killer Whale Priority Chinook Stocks Report.  

NOAA Fisheries West Coast Region and Washington Department of Fish and 

Wildlife.  June 22, 2018 (Attachment A); Pacific Fishery Management Council Ad-

Hoc SRKW Workgroup.  Salmon Fishery Management Plan Impacts to SRKW.  

Final Report. May 2020 (Attachment B)) 

 Criteria 2: Increased production should represent an array of Chinook stocks from 

different geographic areas and run timings (i.e., a portfolio) 

 Criteria 3: Increased production cannot jeopardize the survival and recovery of any 

ESA-listed species, including salmon and steelhead 
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 Criteria 4: Because of funding and timing constraints, increased production proposals 

should not require major capital upgrades to hatchery facilities 

 Criteria 5: All proposals should have co-manager agreement, as applicable 

 Criteria 6: All increased production must be reviewed under the ESA and NEPA, as 

applicable, before NOAA funding can be used. 

9.  These criteria were chosen by NOAA because they prioritized production of Chinook 

salmon stocks that were identified as important to SRKWs, while still ensuring that the increased 

production did not jeopardize the survival or recovery of ESA-listed salmon and steelhead.  In 

addition, we wanted to ensure that additional prey were available to SRKWs as quickly as 

possible and, therefore, prioritized funding for projects that did not require major capital 

upgrades. 

10.  Based on the above criteria, we identified several proposals as “likely candidates” for 

Fiscal Year 2020 funding for the prey increase program (Attachment C).  Some of the proposals 

were for increased hatchery production and others were for infrastructure upgrades to support 

increased hatchery production (e.g., an additional marking trailer).  Some of the hatchery 

proposals identified as likely candidates for Fiscal Year 2020 funding had already been analyzed 

under the ESA and NEPA as indicated in Attachment C.  For the remaining proposals, NOAA 

required all applicable site-specific ESA and NEPA reviews to be completed before the 

candidate hatchery programs could receive any of the Fiscal Year 2020 funds. 

11.  At this time, all applicable site-specific ESA and NEPA reviews are complete for Fiscal 

Year 2020 proposals that were identified as likely candidates for funding, and the projects are 
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moving forward to provide additional prey for SRKW while also protecting ESA-listed salmon 

and steelhead.  If during our environmental reviews NOAA had found one of the likely candidate 

proposals posed an unacceptable risk, we would have looked for a replacement project that met 

all of our funding criteria.    

12.  In the 2021 Fiscal Year appropriation, NOAA received $39.5 million from Congress to 

address all responsibilities and commitments associated with implementation of the 2019 Pacific 

Salmon Treaty Agreement (Public Law 116-260, December 27, 2020). The 2021 Pacific Salmon 

Treaty spend plan allocated $7.4 million for the prey increase program, which was above the 

levels proposed in the 2019 Opinion (NMFS 2021).  The same process and criteria were used in 

Fiscal Year 2021 for identifying likely candidates for funding as were used in Fiscal Year 2020.  

Attachment D summarizes the likely candidates to receive Fiscal Year 2021 funds.  At this time, 

most of the applicable site-specific ESA and NEPA reviews of the candidate programs are 

complete.  None of the candidates will receive funding until the analyses are complete.  

13.  In addition to the Fiscal Year 2021 Pacific Salmon Treaty funds being spent on the prey 

increase program, the Washington State Legislature allocated a similar level of funding for the 

prey increase program in their 2021-2023 biennium budget as in their 2019-2021 biennium 

budget (personal communication with Eric Kinne, Hatchery Division Manager, Washington 

Department of Fish and Wildlife). 

Risks of Hatchery Production to ESA-listed Salmon and Steelhead 

14.  NOAA has substantial experience with hatchery programs and has developed and 

published a series of guidance documents for designing and evaluating hatchery programs 
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following best available science (Hard et al. 1992; Jones 2006; McElhany et al. 2000; NMFS 

2004; NMFS 2005; NMFS 2008).  

15.  Over the past decade, we have completed biological opinions and NEPA documents 

(Environmental Assessments or Environmental Impact Statements) on close to 200 hatchery 

programs using best available science.  Our biological opinions include a detailed assessment of 

genetic risks, competition and predation, facility effects, and disease risks to ESA-listed species.  

Our NEPA documents evaluate the effects of a full range of alternatives on the human 

environment, including an assessment of the effects of the hatchery programs on socioeconomics 

and environmental justice. 

16.  The major genetic risks that NOAA evaluates in our review of hatchery programs 

include loss of genetic diversity (both within and among populations) and the loss of fitness due 

to selection for traits favorable in the hatchery but deleterious in the wild.  The Hatchery 

Scientific Review Group (HSRG) has developed recommendations for reducing genetic risks by 

managing the proportion of hatchery-origin fish spawning naturally (pHOS) and the proportion 

of natural-origin fish incorporated into the broodstock (pNOB).  A population’s Proportionate 

Natural Influence (PNI) is determined based on pHOS and pNOB values.  The HSRG’s 

recommendations for PNI and pHOS vary depending on whether a hatchery program is 

segregated or integrated1.  Their recommendations also vary based on the biological significance 

of the population for ESA recovery (i.e., primary, contributing, or stabilizing) and the affected 

                                              
1 An integrated hatchery program includes natural-origin adults in the broodstock. Generally, an integrated program 
intends for the natural environment to drive the adaptation of a composite population of fish that spawns both in a 
hatchery and in the natural environment. A segregated hatchery program intends to isolate hatchery-origin fish from 
natural-origin fish, creating an isolated hatchery-origin population and an isolated natural-origin population.  
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population’s recovery phase (i.e., preservation, recolonization, local adaptation and full 

restoration) (HSRG 2018). 

17.  Although NOAA has not formally adopted the HSRG’s gene flow recommendations, we 

believe they are important and we use them along with other best available science in our review 

of hatchery programs. For a particular program, we may, based on specifics of the program, 

consider a pHOS or PNI level to be a lower risk than the HSRG would but, generally, if a 

program meets HSRG standards, NOAA will typically consider the risk levels to be acceptable.2  

18.  The Plaintiff’s Motion for Summary Judgement includes a declaration from Dr. Gordon 

Luikart.  In his declaration, Dr. Luikart makes a rough calculation of expected pHOS in 

Washington’s Lower Columbia tributaries as a result of the prey increase program.  He 

concludes that the prey increase program is going to inhibit prospects for the continued survival 

and recovery of Chinook salmon populations in the Lower Columbia River ESU because of 

excessive levels of pHOS.  His calculation has a major flaw, though, because he assumes all of 

the adult fish returning to the Columbia River basin as a result of the prey increase program will 

return to a small number of tributaries on the Washington side of the Lower Columbia River.  

This is not correct.  In fact, the prey increase program is designed to augment a portfolio of 

stocks that are important to SRKW, so by design it is much broader in geographical span than the 

Washington tributaries in the Lower Columbia River.  When Dr. Luikart assumed that 100% of 

the additional smolts in the Columbia River basin would be released in Washington tributaries of 

                                              
2 There are a few exceptions.  Based on recent guidance from the HSRG (HSRG 2018), the HSRG does not 
recommend PNI and pHOS standards during the “preservation” or “rebuilding” recovery phases.  NOAA believes 
that unless a hatchery programs are specifically designed to aid in the recovery of a population, pHOS and/or PNI 
should be managed during the preservation and rebuilding phases. Another exception where NOAA appears to be 
more conservative than the HSRG is with steelhead hatchery programs that use highly domesticated broodstocks.  
NOAA has imposed more stringent guidelines than recommended by the HSRG (NMFS 2016). 
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the Lower Columbia River, he overestimated future pHOS in Washington’s Lower Columbia 

River Chinook populations and overestimated genetic risk to the Lower Columbia River Chinook 

Evolutionarily Significant Unit as a whole. 

19.  NOAA has worked tirelessly with hatchery operators to ensure that none of the increased 

production programs jeopardize the survival or recovery of ESA-listed species.  Furthermore, we 

have been working with the hatchery operators to implement tools that allow us to increase prey 

for SRKW while simultaneously reducing genetic risks to ESA-listed salmon.  For example, 

during development of our biological opinion on ten hatchery programs in the Green/Duwamish 

River Basins, we worked with the hatchery operators to implement some key changes in the fall 

Chinook hatchery program that we expect will substantially increase PNI while producing an 

additional 2 million smolts to augment prey for endangered SRKW.  These program 

modifications include: 

 Using adult hatchery-origin returns from the integrated component of the program as the 

broodstock for the segregated component of the program thereby genetically linking the 

integrated and segregated components of the program (i.e., initiating a stepping stone 

program)  

 Creating a natural-production-emphasis area in Soos Creek, where only natural-origin 

fish are passed above the weir 

 Removing hatchery-origin fish at existing collection facilities when total spawner 

abundance is > 4,432 adults 
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20.  These operational changes are consistent with the policy direction adopted by NOAA for 

the Mitchell Act grant program in 2017 (NMFS 2017b) after completing a final Environmental 

Impact Statement (NMFS 2014) and an associated biological opinion (NMFS 2017a). 

Conclusion 

21.  It is my opinion that NOAA is implementing the Pacific Salmon Treaty’s prey increase 

program in a thoughtful and careful manner.  All increased production proposals for Pacific 

Salmon Treaty funding are being reviewed in site-specific ESA and NEPA evaluations before 

Pacific Salmon Treaty funding is used.  As a result, NOAA is able to ensure that the Pacific 

Salmon Treaty funding for the prey increase program is not resulting in irreparable harm to ESA-

listed salmon, while providing benefits to endangered SRKW. 

I declare under penalty of perjury that the foregoing is true and correct.  Executed 

on May 26, 2021, in Portland, OR. 

 

_________________________________ 

Allyson Purcell 

PURCELL.ALLYSO
N.O.1365850964

Digitally signed by 
PURCELL.ALLYSON.O.136585096
4 
Date: 2021.05.26 12:50:35 -07'00'
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Table 1. Projects that received Fiscal Year 2020 Pacific Salmon Treaty funding for the Prey Increase Program for SRKW. 
Facility Region Species Entity Increased 

Proposal 
(# of 
smolts) 

Brood 
Source 

Release 
Location 

2020 
Release 
(# of 
smolts) 

Anticipated 
2021 
Release 

(# of 
smolts) 

Anticipated 
2022 
Release 

(# of 
smolts) 

Operating 
Cost 

Infrastruc-
ture Cost 

Total 
Cost/a 

ESA 
Analysis 

NEPA 
Analysis 

Tulalip 
Bernie Gobin 
Hatchery 

Puget 
Sound 

Sum 
CK 

Tulalip 
Tribe 

1,000,000 Wallace Tulalip 
Bay 

- 1,000,000 2,000,000 $555,914 $783,414 $1,339328 NMFS 
2021a 

NMFS 
2021b 

Tulalip 
Bernie Gobin 
Hatchery 

Puget 
Sound 

Sum 
CK 

RCO 
overhead 

- N/A - - - - - - $55,180 N/A N/A 

Soos Creek 
Hatchery 

Puget 
Sound 

F. CK WDFW 2,000,000 Green 
River 

Green 
River 

- 2,000,000/c - $245,559 - $245,559 NMFS 
2019a 

NMFS 
2019b 

Soos Creek 
Hatchery 

Puget 
Sound 

F. CK RCO 
overhead 

- N/A - - - - - - $10,117 N/A N/A 

Partial 
funding for 
NWIFC 
marking 
trailer 

Puget 
Sound 

All NWIFC - N/A - - - - - $500,000 $500,000 N/A N/A 

Partial 
funding for 
NWIFC 
marking 
trailer 

Puget 
Sound 

All RCO 
overhead 

- N/A - - - - - - $20,600 N/A N/A 

Marion Drain 
Hatchery 

Columbia 
River 

Sum. 
CK 

Yakama 
Nation 

500,000 Entiat/ 
Wells/ 
Chelan 

Yakima 
River 

- 500,000 - $43,000 - $43,000 NMFS 
2013 

NMFS 
2017a 

Select-Area 
Fishery 
Enhancement 
(SAFE) 

Columbia 
River 

Sp. CK ODFW 1,320,000/a Willamette 
River 

Youngs 
Bay or 
Tongue 
Point 

- 1,400,000 - $600,000 - $600,000 NMFS 
2021c 

NMFS 
2017a 

SAFE Columbia 
River 

Sp. CK ODFW 1,500,000 Willamette 
River 

Youngs 
Bay or 
Tongue 
Point 

- - 1,500,000 $251,477 
/b 

- $251,477 NMFS 
2021c 

NMFS 
2017a 

Umatilla 
Hatchery 

Columbia 
River 

F. CK 
(URB) 

ODFW 120,000 Little 
White 

Umatilla 
River 

120,000 - - $30,000 _ $30,000 NMFS 
2018 

NMFS 
2017a 

Bonneville 
Hatchery 

Columbia 
River 

F. CK 
(tules) 

ODFW 200,000 Bonneville 
Pool 

Columbia 
River 

- 200,000 - $25,000 - $25,000 NMFS 
2017b 

NMFS 
2017a 

Wells 
Hatchery 

Columbia 
River 

Sum. 
CK 

DPUD 500,000 Wells Columbia 
River 

- 500,000 - $170,000 - $170,000 NMFS 
2020b 

NMFS 
2020c 

Little 
White/Willard 
National Fish 

Columbia 
River 

F. CK 
(URB) 

USFWS 630,000 Little 
White 

Little 
White 
River 

630,000 - - $200,000 - $200,000 NMFS 
2017c; 
NMFS 
2020d 

NMFS 
2017a 
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Facility Region Species Entity Increased 
Proposal 
(# of 
smolts) 

Brood 
Source 

Release 
Location 

2020 
Release 
(# of 
smolts) 

Anticipated 
2021 
Release 

(# of 
smolts) 

Anticipated 
2022 
Release 

(# of 
smolts) 

Operating 
Cost 

Infrastruc-
ture Cost 

Total 
Cost/a 

ESA 
Analysis 

NEPA 
Analysis 

Hatchery 
(NFH) 
Little 
White/Willard 
NFH 

Columbia 
River 

F. CK 
(URB) 

USFWS 650,000 Little 
White 

Little 
White 
River 

- 650,000 - $165,000 $140,000 $305,000 NMFS 
2017c; 
NMFS 
2020d 

NMFS 
2017a 

Spring Creek 
NFH 

Columbia 
River 

F. CK 
(tules) 

 USFWS 2,000,000 Columbia 
River 
Gorge 
tules 

Columbia 
River 

- 2,000,000 - $360,000 $515,000 $875,000 NMFS 
2007; 
NMFS 
2020d 

NMFS 
2017a 

Little White 
NFH 

Columbia 
River 

Sp. CK USFWS 400,000 Spring 
Chinook  

Columbia 
River 

- - 400,000 $160,000 - $160,000 NMFS 
2007; 
NMFS 
2020e 

NMFS 
2017a 

TOTAL        750,000 8,250,000 3,900,000 $2,585,703 $1,938,414 $4,861,491   
a These total cost do not reflect funds that were used by NOAA for overhead costs;  b Additional funding will be needed in FY21 to complete rearing and release of these fish; c Partially funded by 
WDFW; RCO = WA’s Recreation and Conservation Office; CTWSR = Confederated Tribes of the Warm Springs Reservation of Oregon; DPUD = Douglas Public Utility District; USFWS = United 
States Fish and Wildlife Service; ODFW = Oregon Fish and Wildlife Service; NWIFC = Northwest Indian Fisheries Commission; BS = broodstock; URB = Upriver Bright fall Chinook salmon; NFH 
= National Fish Hatchery; SP CK = spring Chinook; F. CK = fall Chinook 
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HONORABLE MICHELLE L. PETERSON 

 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 
__________________________________________  
       ) 
       ) 
WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 
       ) 
  Plaintiff,    ) DECLARATION OF Lynne Barre,  
       ) National Marine Fisheries Service,  

v.       ) West Coast Region 
       )  
BARRY THOM, et al.,    )  
       )   

Defendants,    )  
       ) 
 and       ) 
       ) 
ALASKA TROLLERS ASSOCIATION,  )  
       ) 

Defendant-Intervenor   ) 
       ) 
 and       ) 
       ) 
STATE OF ALASKA,    )  
       ) 

Defendant-Intervenor.   ) 
)  

__________________________________________) 
  

  

I, Lynne Barre, declare and state as follows: 
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  Introduction 

 

1. I am currently a Branch Chief in the Protected Resources Division of the National 

Marine Fisheries Service (NMFS), West Coast Region (WCR). NMFS is a part of 

the National Oceanic and Atmospheric Administration, in the U.S. Department of 

Commerce. I received a Bachelor of Science from Georgetown University in 

Biology in 1992 and a Master of Science in Animal Behavior from San Diego 

State University in 1994. I have been employed by NMFS since 2000, where I 

worked in the Office of Protected Resources in Silver Spring, MD for two years 

before joining the West Coast Region in 2002 in the Protected Resources 

Division.  I have held my current position as Branch Chief since 2011. 

2. My responsibilities in my current and previous positions with NMFS have 

included implementation of the Endangered Species Act (ESA) and Marine 

Mammal Protection Act (MMPA). My duties include leading the recovery 

program for endangered Southern Resident killer whales (SRKW).  Since 2002 I 

have worked on the endangered listing of the SRKW, designated SRKW critical 

habitat, finalized a SRKW Recovery Plan and implemented actions to conserve 

and recover SRKW, including vessel regulations put in place in 2011. Since 

SRKWs were listed under the ESA in 2005, I have worked on ESA section 7 

consultations for a variety of projects, including fisheries actions, analyzing 

effects on SRKW and their designated critical habitat.  In 2018-2019 I served as a 

member of the Washington State Orca Task Force, participating in Task Force 
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meetings and threat-based workgroup meetings on prey, vessels/noise and 

contaminants.  I am currently part of working groups established to implement 

actions from the Task Force reports. These include a governmental advisory 

group for a commercial whale watch licensing program and an effort to develop a 

program to address noise from shipping similar to the Canadian Enhancing 

Cetacean Habitat and Observation (ECHO) program.  I sit on the Advisory 

Working Group for ECHO, and have also participated in a variety of Canadian 

working groups supporting SRKW recovery.   

3. In my current role as a Branch Chief, I oversee a team of employees working on 

implementation of a variety of MMPA and ESA programs, including coordination 

of the marine mammal stranding network, completing section 7 ESA 

consultations for SRKW and other listed species, developing and implementing 

recovery and regulatory programs for two species of ESA-listed rockfish in Puget 

Sound, close collaboration with NMFS science centers and other research 

partners, and coordinating with internal and external salmon recovery and 

management programs. 

4. In preparation for this declaration and as part of NMFS ESA section 7 clearance 

process, I have reviewed the 2019 Biological Opinion on the Consultation on the 

Delegation of Management Authority for Specified Salmon Fisheries to the State 

of Alaska (2019 Opinion).  I also reviewed plaintiff’s Motion for Summary 

Judgement filed May 5, 2021.  

The Effect of Plaintiff’s Remedies on Southern Resident Killer Whales. 
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5. I was asked to provide my opinion on the effect of vacating the 2019 Opinion on 

Southeast Alaska (SEAK) salmon fisheries (2019 Opinion) and enjoining 

NMFS’s hatchery production program to increase prey available to SRKW. 

6. In the 2019 Opinion, we evaluated three actions—the delegation of salmon 

fishery management in the federal waters of SEAK, funding to the State of Alaska 

to implement the Pacific Salmon Treaty (PST), and establishment of a 

conservation program funding framework for habitat improvement and hatchery 

production—and their effects on ESA listed species. We concluded that the 

proposed actions were not likely to jeopardize the continued existence of SRKW 

or their ESA-listed Chinook salmon prey or destroy or adversely modify critical 

habitat for SRKW and the listed salmonids.  

7. The conservation funding framework considered in the 2019 Opinion included 

funding for hatchery production (prey increase program) and habitat restoration 

programs. The design of the prey increase program focuses on achieving a 

“meaningful increase” in prey abundance with broad distribution to supplement 

prey in Puget Sound in the summer and offshore coastal areas in the winter, which 

are the times and areas identified as most limiting.  The level of increased 

hatchery production (20 million Chinook salmon smolts released annually) for 

funding levels of $5 million, as described in a NMFS memo (Dygert et al. 2018), 

would be expected to increase Chinook salmon abundance by 4-5% in both inland 

waters in the summer and in coastal waters in the winter.  In the 2019 Opinion we 

acknowledge the delay in increased prey until 3-5 years following 

implementation, while hatchery fish mature and then become available to the 
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whales as prey in times and areas important to the whales.  We also recognized 

that not every Chinook salmon produced would go directly to Southern Resident 

killer whales, as there are other factors in salmon mortality, and in the 2019 

Opinion we acknowledged that our ability to fully understand the efficacy and 

predict performance of the program was limited. We are not able to assign these 

increases as direct offsets for any particular fishery under the PST agreement 

(SEAK, coastal or Puget Sound) because of the variability in annual reductions of 

available prey from those fisheries. However, based on the best available science, 

we concluded that the prey increase program would provide a meaningful 

increase in prey abundance and benefit Southern Resident killer whales. 

8.  The 2019 Opinion did not rely on meeting the recovery criteria identified in 

NMFS 2008 SRKW Recovery Plan to determine that the proposed action was not 

likely to jeopardize the continued existence of SRKW or destroy or adversely 

modify its critical habitat, as that is not the standard evaluated in ESA Section 7 

consultations.  In the SRKW Recovery Plan, NMFS identified a demographic 

criteria for delisting SRKW under the ESA as an average growth rate of 2.3% per 

year for the population over 28 years. In addition to demographic criteria, the 

Recovery Plan also includes threats criteria to ensure the SRKW have reached the 

point where they no longer need the protection of the ESA.  The threats criteria 

and the entire SRKW recovery program highlight the need to address multiple 

threats to the whales, primarily contaminants, disturbance from vessels and sound, 

and prey availability, and also address additional potential threats, such as oil 

spills.      
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9. There has been significant progress on funding and implementation of the prey 

increase program for the benefit of SRKW. The prey increase program is being 

implemented consistent with the expectations and timelines considered in the 

2019 Opinion (see Purcell Declaration) and we anticipate 4-5% increases in prey 

abundance will be realized in the 3-5 year time frame following each year of 

implementation.  We will continue monitoring the number of smolts produced at 

the hatchery programs funded by the prey increase program, as well as the levels 

of adult Chinook salmon prey available to the whales to evaluate the efficacy of 

the program in achieving a meaningful increase in prey abundance.  The overall 

abundance of Chinook salmon is variable and affected by ocean conditions and 

the estimated percent increase in prey abundance will be dependent on estimates 

of the overall abundance of Chinook salmon.  Nevertheless, this program will 

provide meaningful benefits for Southern Resident killer whales.     

10. As described in our recent biological opinion on West Coast salmon fisheries 

(NMFS 2021), which analyzes the effects of removing adult Chinook salmon prey 

that might otherwise be available to the SRKW, and in the Risk Assessment 

completed by an Ad Hoc Workgroup created by the Pacific Fishery Management 

Council (PFMC 2020), reductions in prey are expected to have the greatest 

impacts on the whales in low Chinook salmon abundance years.  When prey are 

scarce, the SRKWs likely spend more time foraging compared to periods of high 

prey abundance.  Increased energy expenditure and prey limitation can result in 

nutritional stress, which has been linked to reduced body condition, and lower 

birth and survival rates.  The 4-5% increase in abundance anticipated from the 
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prey increase program will contribute to overall Chinook abundance, and reduce 

the potential for SRKWs to experience low abundance conditions in general. 

11. If the prey increase program for Southern resident killer whales is enjoined or 

disrupted, the intended 4-5% increase in the prey base may not be fully realized in 

the future.  The hatchery production actions that have been funded by NMFS and 

implemented in 2020 and 2021, as well as hatchery production by partners 

including Washington State and Tribes, described in Allyson Purcell’s 

declaration, would still be expected to increase prey at some level in 2023-2026; 

however, additional hatchery production specifically targeted to benefit the 

SRKW would be compromised.  After the initial 3-5 year period, any disruption 

in funding would result in a gap in additional prey abundance and could 

negatively influence future funding and implementation of the program.  In the 

absence of the 4-5% prey increase, there would be lower overall abundance of 

Chinook salmon and there could be an elevated risk of Chinook salmon 

abundance falling to the low abundance levels associated with increased risk to 

the health of the SRKWs. 

12. Plaintiff’s declarants assert that prey abundance has the largest impact on the 

population growth rate of SRKW and that increases in prey abundance are needed 

for SRKW to recover, and yet enjoining or disrupting the prey increase program 

would result in reduced future abundance of prey for SRKW. The goal of the prey 

increase program is to help support increased prey available to SRKW and 

support their recovery.  It is difficult to precisely estimate the increased risk to the 

health of SRKW from ending or disrupting the prey increase program, but it could 
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manifest in the whales foraging for longer periods, traveling to alternate locations, 

or abandoning foraging efforts.  Changes to foraging behavior could result in 

SRKW not consuming sufficient prey to meet their energetic needs, which could 

affect the health of individual whales, reproduction and the status and growth of 

the population, as cited in the Plaintiff’s declarations and our 2019 Opinion. 

13. In addition to the prey increase program, we continue to work on a comprehensive 

recovery program that addresses all of the primary threats, including vessel 

disturbance and contaminants, and not only prey.  We also acknowledge that all 

of the threats are potential limiting factors, not just prey availability, and that they 

are interconnected, as vessels and sound can impact the whales ability to forage, 

access, and consume the prey that are available in their habitat. NMFS Recovery 

Plan and other documents such as the Washington State Orca Task Force 2018 

and 2019 reports and recommendations, and the Canadian Recovery Plan for 

SRKW, also acknowledge the importance of and interactions between multiple 

threats. 

14.  Conservation and recovery of SRKW and their Chinook salmon prey is complex 

and challenging because there are multiple interacting threats over large 

geographic and transboundary landscapes and we have endangered predators 

relying on prey, some of which are also threatened or endangered.  Both species 

face impacts from many human activities, variable oceanographic conditions, and 

environmental change in their vast habitats.  Recovery programs for both SRKW 

and Chinook salmon include a variety of tools and actions that can have short-

term or long-term benefits.  Significant actions have been taken that are effective 
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in the short term and make the existing abundance of prey more available and 

accessible to SRKW, including reductions in fisheries to protect salmon and 

SRKW, and mandatory and voluntary vessel measures that reduce interference 

with SRKW foraging.  Other actions like cleaning up or reducing inputs of 

harmful contaminants or recovering runs of salmon have a longer-term outlook 

for realizing benefits to SRKW.  As part of the action considered in the 2019 

Opinion, the conservation programs to aid Puget Sound Chinook salmon include 

continuing conservation hatchery programs and habitat restoration projects.  It 

will likely take many years before ecosystem services of the habitat are restored 

and support increased Chinook salmon productivity.  The prey increase program 

for SRKW, however, has a time frame of 3-5 years to increase the prey available 

to SRKW. The prey increase program is already underway, with two years of 

funding and implementation, and fills an important gap until other longer-term 

actions are successful.  NMFS and our Federal, State and Tribal partners 

recognize the importance of working on actions with both short-term and long-

term benefits to the SRKW, including the prey increase program, to help stop the 

decline of the endangered SRKW population and support their recovery.  

Enjoining or disrupting the prey increase program would result in fewer Chinook 

salmon available to SRKW, and increase the risk for harm to SRKW through 

behavioral and physiological impacts.  Disruptions could affect the long-term 

support and commitment needed to fund this program and provide benefits to 

SRKW over the next decade and could negatively impact the critical partnerships 

and momentum for recovery and conservation of SRKW and salmon.  The prey 
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increase program is a critical tool to help address a primary threat to SRKW and 

without it there will be a negative impact on the recovery program for SRKW.    

 

I declare under penalty of perjury that the foregoing is true and correct.  

Executed on May 26, 2021, in Seattle, WA. 

                                                                                               

________________________________ 
Lynne Barre 

BARRE.LYNNE.
M.1365828128

Digitally signed by 
BARRE.LYNNE.M.1365828128 
Date: 2021.05.26 09:45:35 
-07'00'
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HONORABLE MICHELLE L. PETERSON  
 
 
 
 
 
 
 
 
 

 
 
 

UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 
__________________________________________  
       ) 
       ) 
WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 
       ) 

Plaintiff,    ) DEFENDANTS’ CROSS-MOTION  
       ) FOR SUMMARY JUDGMENT    

v.       ) AND RESPONSE IN OPPOSITION  
       ) TO PLAINTIFF’S MOTION FOR  
BARRY THOM, et al.,    ) SUMMARY JUDGMENT 
       )  

Defendants,    ) NOTE ON MOTION CALENDAR:  
       )  JUNE 18, 2021 
 and       ) 
       ) 
ALASKA TROLLERS ASSOCIATION,  )  
       ) 

Defendant-Intervenor,   ) 
       ) 
 and       ) 
       ) 
STATE OF ALASKA,    )  
       ) 

Defendant-Intervenor.   ) 
     )  

__________________________________________) 
   

 

Case 2:20-cv-00417-RAJ-MLP   Document 93   Filed 05/26/21   Page 1 of 47

2-SER-411

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 111 of 300
(415 of 992)



 
 

         U.S. Department of Justice 
Defendants’ Cross-Motion for Summary Judgment   P.O. Box 7611 
         Washington, D.C. 20044  
Case No. 2:20-CV-417-RAJ-MLP   18   (202) 305-0641 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

“included as part of the [action], and so subject to the ESA’s consultation and enforcement 

provisions.” Ctr. for Biological Diversity v. U.S. Bureau of Land Mgmt., 698 F.3d 1101, 1119 

(9th Cir. 2012). NMFS also made clear that if the funding is not provided or “if the anticipated 

actions are not otherwise implemented through other means (e.g., non-fishing related restoration 

activities, other funding sources) this may constitute a modification,” and if so, “reinitiation of 

consultation would therefore be required.” AR 47203. Here, Plaintiff highlights the word “may,” 

Mot. at 23, but this overlooks the fact that NMFS would need to analyze any change and ignores 

the language about reinitiation being “required.”   

2. The Conservation Program Is Reasonably Certain to Occur. 
 

Plaintiff’s misunderstanding of the conservation program undercuts its suggestion that the 

program’s components are not under NMFS’s control or otherwise reasonably certain to occur. 

Mot. at 25-27. As an initial matter, NMFS will play a role as the agency determining which 

entity receives the funding under each part of the program. In that role, NMFS has established 

criteria for the recipients of the funding for the prey increase program. Dkt. No. 91-2, Ex. 1 at 2. 

Moreover, the funding initiative is reasonably certain to occur. The best evidence for this is 

Congress’s appropriation of funds for the program for 2020 and 2021, consistent with the 

funding expectations in the 2019 BiOp, and the Washington State Legislature’s commitment to 

provide approximately $13 million of funding “prioritized to increase prey abundance for 

southern resident orcas.” Id.; see supra at 14; Rock Creek All. v. U.S. Fish & Wildlife Serv., 663 

F.3d 439, 444 (9th Cir. 2011) (company “has already purchased approximately 273 acres of 

mitigation land, demonstrating its commitment of resources”). 

Plaintiff’s reliance on precedent is misplaced. Mot. at 25. Sierra Club v. Marsh, 816 F.2d 

1376, 1385 (9th Cir. 1987), is distinguishable. There, the action agency relied “only on the 
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outcome of uncertain litigation to provide replacement habitat” and the consulting agency (FWS) 

found the conservation measures to be insufficient. Sw. Ctr. for Biological Diversity, 143 F.3d at 

524 (discussing Marsh). Neither of those elements is present here. Likewise, National Wildlife 

Federation v. National Marine Fisheries Service, 254 F. Supp. 2d 1196 (D. Or. 2003), does not 

bear the weight placed on it because there the agency stated that the measures had a “reasonable 

chance” (rather than a “reasonable certainty”) to be implemented. Id. at 1213-14. Moreover, 

Plaintiff refers to that court’s consideration of the lack of authority and binding agreements, but 

Plaintiff fails to mention that the court also assigned significance to the unavailability of 

necessary funding. Id. at 1213. Any degree of uncertainty in the funding for the conservation 

program in this case has greatly diminished with the 2020 and 2021 appropriations.  

Plaintiff misses the mark with its argument about the site-specific ESA and NEPA 

analysis forestalling the hatchery components of the conservation program. Mot. at 25-26. 

Plaintiff simply ignores the overarching ESA regulations that contemplate site-specific analysis 

following a programmatic action. 50 C.F.R. §§ 402.02, 402.14(i)(6). The argument also fails to 

recognize that, as explained in the 2019 BiOp, NMFS will select recipients of the hatchery 

funding to ensure consistency with both the goals of the conservation program as well as the 

ESA and NEPA. AR 47433. Indeed, NMFS has established criteria for selecting recipients of the 

funds under the prey increase program; some of the criteria provide NMFS flexibility in 

choosing the recipient consistent with the purpose of the program, while criteria 3 states that 

“[i]ncreased production cannot jeopardize the survival and recovery of any ESA-listed species, 

including salmon and steelhead” and criteria 6 states that “[a]ll increased production must be 

reviewed under the ESA and NEPA, as applicable, before NMFS funding can be used.” Dkt. No. 

91-2, Ex. 1 at 2 (emphasis added); see id at 5-9 (tables showing programs funded and not funded 
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in 2020). If a candidate hatchery fails to meet the criteria, a replacement candidate will be 

selected. Purcell Decl. ¶ 11. Plaintiff also incorrectly assumes that NEPA will be triggered for 

each site-specific project. Mot. at 27.10 The trigger for NEPA is a “major Federal action” and 

some of the projects may not meet this threshold. 42 U.S.C. § 4332(2)(C).  

Plaintiff may be dissatisfied with NMFS’s balancing of the needs of the endangered 

SRKW with the sometimes competing needs of threatened salmon, but this is not grounds for 

dismantling these pieces of the puzzle. See Am. Rivers v. Nat’l Marine Fisheries Serv., No. Civ. 

96-384-MA, 1997 WL 33797790, at *1 (D. Or. Apr. 3, 1997) (noting that the “agencies are in 

the unenviable position of having to assess the ‘reasonableness’ and ‘prudence’ of proposed 

mitigation measures by balancing the needs of the listed Snake River salmon against the 

competing needs of other threatened species and the needs of resident ecosystems”). NMFS’s 

conservation program is neither arbitrary nor capricious.  

B. NMFS Rationally Reached a No Jeopardy Decision on SRKW.   

Plaintiff attempts to portray NMFS’s decision about SRKW as based on insufficient 

evidence, Mot. at 27-30, but a full review of the 2019 BiOp’s analysis shows that NMFS 

thoroughly considered the effects of the proposed actions and provided a rational explanation for 

its no jeopardy conclusion. AR 47276-90, 47346-59, 47433-49, 47502-8. NMFS’s analysis is 

cogently summarized in Section 2.7.5. of the BiOp. AR 47502-8. NMFS began by examining the 

environmental baseline, which includes all of the factors affecting SRKW and all of the fishing 

activity under the PST. AR 47502-04. NMFS then analyzed the actions against this baseline. AR 

47504. In terms of the SEAK fisheries, NMFS expects the Chinook salmon harvests to be 

                                                 
10 As discussed in greater detail below, the framework conservation program—which Plaintiff describes as a 
“massive new federal grant program” for purposes of its NEPA argument and as a “hypothetical” program with 
“supposed benefits” for purposes of its ESA argument—did not trigger NEPA. Contra Mot. at 26-27. 
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WESTERN DISTRICT OF WASHINGTON 
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WILD FISH CONSERVANCY, 
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v. 

 

BARRY THOM, et al., 

 

      Defendants. 
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) 

 

Case No. 2:20-cv-00417-RAJ-MLP 

 

 

SECOND DECLARATION OF  

PETER W. SOVEREL 

I, Peter W. Soverel, declare the following on the basis of personal knowledge to which I 

am competent to testify: 

1. I have lived in Washington State since December 1968. I have resided at 16430 

72nd Avenue W., Edmonds, WA 98026 since November 1987. 

2. I am currently a member of Wild Fish Conservancy and have been a member 

since the beginning of the organization and its predecessor, Washington Trout, nearly 30 years 

ago. I am a member because I believe that the organization is a leading light in Washington State 

for promoting policies and practices that conserve and restore wild steelhead stocks and other 

marine animals throughout the Pacific Northwest. I support the efforts of the organization 
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through direct financial contributions and by serving as a standing declarant in the organization’s 

lawsuits. I also work closely and collaborate with Wild Fish Conservancy in my professional 

capacity as President and CEO of Conservation Angler, a non-profit watch-dog organization that 

seeks to hold public agencies, countries, and nations accountable for protecting and conserving 

wild fish for present and future generations. 

3. I have been interested and engaged with the Pacific Northwest ecosystem for 50 

years. I enjoy fishing throughout Puget Sound, the Washington Coast, and the Columbia River 

basin for native fish, including Chinook salmon, steelhead, and other salmon species; observing 

sea life, including the Southern Resident killer whales and other wildlife that depend on Chinook 

salmon and other fish stocks; and working to protect and restore wild fish populations in the 

Pacific Northwest. I moved to Washington in 1968 to be near wild salmon, and I have been near 

wild salmon in the Puget Sound area ever since. I have fished all around the Puget Sound basin, 

including the Green River, Dungeness Sammamish, Snohomish, Skykomish, Snoqualmie, 

Stillaguamish, Skagit, Nooksack, Nisqually Rivers, and Hood Canal, to name a few. I fish in 

Puget Sound rivers roughly 50 to 60 days per year, and I will continue fishing in Puget Sound 

rivers regularly for as long as I am able to do so. I observe wildlife in the Puget Sound daily, and 

I will continue to do so for as long as I am able. I have also fished for salmon, including 

Chinook, in the Columbia River and its tributaries and on the Washington coast, and I intend to 

do so in the future if I can lawfully do so without harming their recovery. 

4. I will engage in the Puget Sound, Washington, and Columbia River ecosystems 

for years to come, but I am gravely concerned about the survival and recovery of Chinook 

salmon and Southern Resident killer whales, upon which my recreation and livelihood depend. I 

have personally witnessed the significant decline in wild salmon and orca populations over the 
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years, and I believe that decline is, in part, caused by the commercial and sport salmon fisheries 

in Southeast Alaska. I am concerned that those fisheries over-harvest and hinder the survival and 

recovery of species listed under the Endangered Species Act (“ESA”). I am concerned that the 

National Marine Fisheries Service (“NMFS”) has continued to fund management of the fisheries 

and has not sufficiently restricted harvest, instead continuing to let Alaska operate the fisheries at 

an unsustainable level. I find it particularly disconcerting that, instead of reducing commercial 

harvests to protected imperiled species, NMFS has developed and relied upon a hypothetical and 

ill-advised increase in hatchery production to feed killer whales. I believe increasing hatchery 

production is part of the problem, not the solution, and it will further harm ESA-listed species 

and my interests in them. I am concerned that NMFS has not adequately analyzed the impacts to 

ESA-listed species under the ESA or under the National Environmental Policy Act (“NEPA”). 

Without a complete analysis, NMFS cannot possibly make the best decision for ESA-listed 

salmonids, including Southern Resident killer whales and Chinook. My concerns significantly 

decrease my enjoyment of the Puget Sound, Washington Coast, and Columbia River ecosystems 

and ESA-listed species. If NMFS were made to consult again under the ESA to fully vet the 

impacts of the Southeast Alaska fisheries and its proposed hatchery mitigation on ESA-listed 

species, and were made to prepare a proper NEPA analysis, conditions for ESA-listed species 

would improve and would remedy the harm to the Puget Sound ecosystem and to me personally.  

5. My recreational and professional interests in wild salmon and the Puget Sound 

have been steady over the past 50 years, and I enjoy all wild salmon, including ESA-listed 

Chinook. Wild salmon are amazing creatures and one of God’s great inventions. Salmon are born 

in inland waters and migrate thousands of miles. Some swim all the way to Japan. Others spawn 

at four- or five-thousand feet above sea level. The loss of my opportunities to see and angle for 
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wild ESA-listed salmon in the Puget Sound area, and also on the Washington coast and in the 

Columbia River basin, is a serious loss for me. 

6. I moved to Washington State in December 1968 specifically to engage with the 

wild fish populations. My mother sent my photos of wild steelhead while I was on a 13-month 

combat tour with the U.S. Navy in the Mekong Delta, Vietnam. The Navy was sending me to 

graduate school and I had a choice of Tufts University (Boston), Georgetown University 

(Washington DC), or the University of Washington (Seattle). All are fine universities, but only 

the University of Washington provided the prospect of regular interactions with wild fish. I have 

been a serious wild steelhead angler and angler of other fish since that time. And although I have 

fished my entire life and experienced angling around the globe from Yugoslavia to western 

Russia, Norway, Sweden, Austria, German, Belgium, UK, eastern Canada, the Bahamas, 

Argentina, Chile, Mexico, Panama, New Zealand and Kamchatka Russia, I am, first and 

foremost, a Washington fly fisher. I have fished the rivers of the Puget Sound basin hundreds of 

times over the past 50 years for salmon. They are my “home” rivers, but my ability to fish and 

enjoy them is hindered by the continual population decline of wild ESA-listed salmon. I am 

restricted from my primary source of recreation and relaxation and the opportunity to interact 

with the object of my affections.  

7. For example, I have fished the Nooksack River roughly 50 times in my life, but I 

have not fished in that river for 10 years or so. I used to fish in the Nooksack for Chinook, 

steelhead, and sea run cutthroat trout. But now there are few to no wild fish there, so I can no 

longer fish there. I used to fish the Dungeness River and have fished there for Chinook, 

steelhead, and sea run cutthroat trout around 25 times, but I have not fished there for 10 years or 

so, again because there are few to no wild fish anymore. I have fished in the Stillaguamish River 
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for Chinook, steelhead, and sea run cutthroat trout approximately a couple hundred times over 

the years, most recently 7 or 8 years ago, but I have had to stop because three are few to no wild 

fish there. I wish I could return to these areas to fish, but that will not happen until wild 

populations recover. I believe increasing Chinook hatchery programs on these river, in a 

supposed effort to offset continued overfishing in Southeast Alaska, will make it even less likely 

I can ever return to these rivers to fish for wild Chinook because I have seen first-hand the 

adverse effects of hatchery programs on wild populations. I am concerned NMFS’s proposed 

hatchery mitigation will decimate the small remaining wild Chinook populations. I wish wild 

populations would recover, and I would be able to fish in these rivers again. 

8. I have fished in Hood Canal for Chinook, steelhead, and sea run cutthroat trout 

probably 5 times over the years, most recently about 15 years ago. I have not fished there 

recently because the rivers are small and populations are low making it difficult to catch fish. I 

believe a Chinook hatchery program will harm populations already struggling in Hood Canal, 

making it unlikely I can ever return to Hood Canal to fish. 

9. I used to love fishing on the Washington coast. For 25 years, I would rent a house 

in Forks, Washington, and fish on the Washington coast for Chinook, steelhead, sea run cutthroat 

trout, and Coho. I stopped taking these trips 6 or 7 years ago, because there were too few fish and 

too many people. I wish wild ESA-listed fish populations, including Chinook, on the coast and 

throughout Washington would increase, so that I could take this trip again and fish for Chinook. 

With a Chinook hatchery program on the coast, it is unlikely I would ever return, as I believe 

populations of wild Chinook would only further decrease as a result of the hatchery. 

10. With river closures and abysmal numbers of wild populations throughout Puget 

Sound and the Washington coast, I have recently relied more and more on the Columbia River 
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and its tributaries for fishing opportunities. I have fished most or all of the rivers in the Columbia 

and Snake River drainage in Washington and Oregon. I have probably taken 300 fishing trips to 

the Columbia or its tributaries throughout my life. To name a few, I have fished the Elochoman, 

Grays, Wind, Klickitat, Kalama, Cowlitz, and Washougal Rivers. While I have fished these 

rivers for pretty much all species of fish, I mostly fish for Chinook and steelhead. My most 

recent trip was 2-3 years ago, when I fished the Deschutes, John Day, and Kalama Rivers for 

Chinook and steelhead. I intend to return to the Columbia River and its tributaries to fish for 

Chinook and steelhead, because even though wild populations are low here, there are still fishing 

opportunities—opportunities that no longer exist in many rivers in Puget Sound. However, I 

believe increased Chinook hatchery programs in this area, coupled with continued overharvests, 

would decrease my opportunities to catch wild Chinook, and I am less likely to return to the 

areas impacted by the hatchery programs.  

11. As I mentioned, because there are so few Puget Sound Chinook left, I have not 

had as many experiences with them over the past few years in my “home” rivers. I used to be 

able to have prime fishing opportunities for Chinook and steelhead in Puget Sound rivers 

throughout the month of March. But now many of my home rivers have populations so depleted 

that they are usually closed for fishing Puget Sound Chinook. Others are open for short spring 

fishing seasons, usually in May.  

12. Because I can no longer fish for Chinook and steelhead in Puget Sound rivers in 

March, for the past few years I have been going to British Columbia for March and April to fish 

for Chinook and steelhead on the Skeena River. I went to the Skeena for fishing in March and 

April 2019, as well as August 2019. I had that trip scheduled for March and April 2020, but I had 

to cancel because of the coronavirus pandemic. If the pandemic restrictions allow, I will likely 

Case 2:20-cv-00417-RAJ-MLP   Document 91-8   Filed 05/05/21   Page 6 of 13

2-SER-421

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 121 of 300
(425 of 992)



 

SECOND SOVEREL 

DECLARATION – 7 

No. 2:20-cv-00417-RAJ-MLP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 

(206) 625-8600 

 

KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 

(503) 841-6515 

schedule that trip again for March and April of 2021 because I anticipate Chinook and steelhead 

populations in Puget Sound will remain dismal. I would love to stay in Washington in March and 

April and fish for wild Chinook and steelhead if there were enough fish. 

13. While I continue to fish in Puget Sound rivers 50-60 times a year, I have not 

caught a wild Chinook here for several years. In fact, I would feel guilty for catching and killing 

one because their populations are so low that it could harm their recovery. I wish I could feel 

comfortable catching Chinook in the Puget Sound rivers. 

14. In addition to traveling throughout the Puget Sound, Washington, Oregon, and 

Canada to enjoy Puget Sound Chinook and other salmonids, I get to enjoy the ecosystem created 

by these precious creatures from the comfort of my own home. I live on a bluff above Puget 

Sound. From the window of my house, I enjoy watching Southern Resident killer whales and 

many other species that live in the Sound. When I see a Southern Resident killer whale from my 

house, it is always the highlight of my day. Many of the animals I view, like the resident orcas, 

depend on salmon, so threats to wild ESA-listed salmon threaten my enjoyment of wildlife 

viewing from my house. At the bottom of my bluff, I can go fishing at Meadowdale Park. During 

these fishing trips, which I enjoy two to three times per month, I catch an array of salmon, and I 

wish I did not have to worry about the harm I could cause by catching the precious few 

remaining Chinook. 

15. Every year in June, I travel to the San Juan Islands with my wife on our 

anniversary. One of the highlights of our annual trips is driving to the west side of the island to 

watch for Southern Residents, have a glass of wine, and enjoy a picnic. We pretty much always 

see orcas on these trips, including in June 2019. While we were not able to take this trip in June 

2020 because of the coronavirus pandemic, we intend to take this trip annually for years to come, 
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as long as we remain able to do so. I fear there may be a time in the near future when we will no 

longer see the orcas on our trips, and that would devastate us.  

16. I will continue recreating and enjoying ESA-listed species, including Puget Sound 

Chinook and Southern Residents, in whatever ways I can given their population decline. I will 

continue observing wildlife from my house, taking trips to the San Juans, and fishing throughout 

Puget Sound many times each year. If Chinook and Southern Resident populations recovered, I 

could enjoy them more. If Chinook populations recovered, I could stay in Washington in March 

and fish in my home rivers. 

17. Not only is my recreation centered around wild salmon in Puget Sound, but since 

retiring in 1990 after a thirty-year career in the Navy, I have devoted my professional life to 

preserving and conserving wild salmon. In 1992, I founded the Wild Salmon Center, the largest 

international salmon conservation group around the Pacific Rim working to protect wild salmon 

around the Pacific Rim. I am also the founder of Wild Salmon Rivers, another non-profit 

organization devoted to wild salmon, and I was the chairmen of the Steelhead Committee of the 

Federation of Fly Fishers for approximately 10 years. Additionally, I was: 

• Board member, Steelhead Society of British Columbian 1990-2000;  

• Board member Habitat Conservation Corporation 1995-2000;  

• Member, Washington delegation to the North Pacific Anadromous Fish Commission 1993-

2005;  

• Founding Board member Save our Wild Salmon; 

• Founder, Wild Steelhead & Biodiversity Foundation (Kamchatka Russia); 

• Publisher of The Osprey: Journal of Steelhead Conservation 1990-2000; and  

• Editorial Board member of The Osprey: Journal of Steelhead Conservation. 
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I have received numerous awards for my conservation work including conservationist of the year 

Federation of Fly Fishers (1993) and Conservationist of the Year, Steelhead Society of British 

Columbia (2001). As a professional conservationist, I am exceedingly distressed by the rapid 

decline in ESA-listed salmonids and the huge loss in angling opportunity for Washington State. 

18. I have observed the significant population decline of wild salmon over the years. 

Puget Sound is an enormous body of water with a couple hundred streams and rivers of various 

sizes. When I first moved to Washington, these rivers used to be full of fish, and many rivers and 

creeks were open 12 months per year. The rivers of the Puget Sound Basin make up a very 

diverse collection of rivers and streams that offer a wide variety of angling opportunities. 

Additionally, given their different characteristics, they respond differently to weather events 

rising and dropping at very different rates in response to winter storms and then dry periods 

between storms. Angling is typically best when rivers just come into “shape”—that is the rivers 

are dropping in level and clearing. When the river flows are higher, typically the river is not 

suitable for angling. Similarly, when the rivers have dropped substantially, they become low, 

clear and cold—again less than idea angling conditions. A knowledgeable angler can select from 

a large suite of Puget Sound rivers to pick the ones that are, at that moment, suitable for angling. 

When I first moved here, I was able to pick from the rivers for the best angling opportunities 

throughout the entire year. 

19. As I indicated above, I have stopped fishing in many of these rivers due to the 

decline of wild stocks and the resulting closures of fishing opportunities during times that I want 

to fish. In areas where I do fish, I am less able to enjoy fishing as a result of reduced angling 

opportunity. Even in those areas that remain open to angling, my recreation is reduced because 

of the uncertainty about the impact of my angling on the depressed ESA-listed salmonid 
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population. Virtually all Puget Sound rivers close for portions of the year, dramatically 

restricting my opportunities to fish and reducing the complexity and diversity of rivers for me to 

choose from throughout the year. Given that I moved to Washington for the purpose of 

interacting with wild salmonids, the loss of opportunities for fishing and the reduction of my 

enjoyment of fishing is a serious loss for me. I am concerned that, if we do not change our ways 

to better protect ESA-listed wild salmonids, they will soon be extinct. 

20. I believe recovery efforts for ESA-listed wild salmonids is actually hindered by 

hatchery programs, and I am very concerned about the impacts to ESA-listed Chinook if NMFS 

increases hatchery production throughout Puget Sound, the Washington coast, and the Columbia 

River. These concerns translate to concerns about my interests in fishing for wild Chinook and 

harm to me for my loss of fishing opportunities. 

21. Indeed, I have personally observed harm from hatchery operations on the Elwha 

River. Since the Elwha dam was removed in 2012, I have followed and observed changes to wild 

fish populations there. While Chinook hatcheries continue to release millions of Chinook 

annually, wild Chinook populations are showing no or minimal signs of recovery. In contrast, for 

summer run steelhead, which does not have a hatchery program, populations have increased 

from 0 to 1000 wild summer run steelhead in the past 10 years. Pink salmon, sockeye, and bull 

trout have also seen increasing populations and these fish also do not have hatchery programs on 

the Elwha. While this alone seems to be prove that hatcheries are not working, I actually went to 

the Elwha for the release of hatchery Chinook and observed some of the many issues with these 

programs. In two days in April and May, the hatchery releases millions of Chinook. Three or 

four years ago, I went to the Elwha to observe the release, and I saw probably 50 thousand 

predators—crows, cormorants, eagles, osprey, and more—waiting to eat as many fish as they 
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could. From my understanding, hatchery programs have always had problems like this. Based on 

my experience, I have serious concerns that hatcheries draw predators to the river, harming both 

hatchery and wild fish, and I would be skeptical that I could have any positive angling 

opportunities in rivers with Chinook hatchery programs. I would need very clear evidence from 

NMFS to show me, Wild Fish Conservancy, and the broader public why its proposed hatchery 

programs here would not harm ESA-listed species before NMFS took any actions in reliance on 

the proposed hatcheries.  

22. It is my understanding that Wild Fish Conservancy’s complaint in this lawsuit 

alleges numerous violations against the NMFS, U.S. Department of Commerce, and some of 

those agencies’ officials related to their failure to comply with the ESA and NEPA for NMFS’ 

ongoing management over, ESA authorization of, and delegation of authority to, the State of 

Alaska for commercial and sport salmon fisheries in Southeast Alaska. I am greatly concerned 

about the effects of those fisheries, including the effects to ESA-listed Chinook salmon and 

Southern Residents, and about NMFS’s failure to fully and adequately evaluate such effects 

under the ESA and NEPA. I am particularly concerned about NMFS’s assumption that new 

hatchery production will offset harm from the harvests, and while I am skeptical that it will 

offset harm to ESA-listed Southern Residents, I am very concerned it will harm remaining wild 

ESA-listed Chinook populations. My concerns diminish my enjoyment of fishing and observing 

wildlife, including Southern Residents, throughout the Pacific Northwest region. My concerns 

make it less likely that I can return to several of my “home” rivers in the Puget Sound ecosystem, 

and to the Washington coast to fish for Chinook. My concerns make it less likely I can return to 

the Columbia River for Chinook fishing—one of the few places I can still fish. I believe these 

“interception fisheries,” as I call them, are directly responsibility for the inability of ESA-listed 
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Chinook and orcas to recover because they intercept wild fish that would otherwise return to 

Washington, other parts of the United States, and Canada. Chinook salmon generally grow to a 

large size that is most desirable to orcas by staying in the ocean, but the longer Chinook stay in 

the ocean, the more likely they are to get harvested by the interception fisheries at issue. The 

fisheries catch too many fish that do not belong to them, including the large Chinook salmon that 

Southern Residents need to survive, ensuring that Southern Residents and ESA-listed Chinook 

will soon be extinct. I do not think the proposed hatchery mitigation will offset the adverse 

impacts, and I am particularly concerned that NMFS has not analyzed its proposed mitigation 

and considered whether it is supported by science before relying on that mitigation to offset the 

fisheries’ impacts. NMFS’s efforts to oversee these interception fisheries and the mitigation plan 

it has outlined for these fisheries has not worked and will not work if it continues to prioritize 

harvesting and future hatchery mitigation over the species’ current recovery needs.  

23. I understand that these fisheries can be profitable, but I think NMFS must fully 

consider the effects of these fisheries and its proposed mitigation on ESA-listed species. In doing 

so, NMFS must consider and follow the science to come to the logical conclusion that these 

fisheries and the proposed hatchery increases are threatening the continued existence of wild 

salmon and Southern Residents. NMFS must consider whether these fisheries and the hatchery 

mitigation should continue to operate when wild Chinook salmon and Southern Resident 

populations are so severely depleted. Only in ESA consultation and NEPA analysis with full 

consideration and weight of the adverse effects and possible alternatives should NMFS make its 

decision about these fisheries and the proposed mitigation. NMFS needs to listen to their science 

and make the conclusions in accordance with the ESA. If NMFS were made to comply with the 

ESA and NEPA and were held accountable to Washington and the many citizens who use and 

Case 2:20-cv-00417-RAJ-MLP   Document 91-8   Filed 05/05/21   Page 12 of 13

2-SER-427

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 127 of 300
(431 of 992)



 

SECOND SOVEREL 

DECLARATION – 13 

No. 2:20-cv-00417-RAJ-MLP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 

(206) 625-8600 

 

KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 

(503) 841-6515 

enjoy the Pacific Northwest ecosystem, the harm caused by the Southeast Alaska fisheries and 

the proposed hatchery mitigation to my interests in Puget Sound, the Washington coast, and the 

Columbia River basin would be remedied. 

I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and correct. 

 

Executed this 28th  day of April, 2021 at Edmonds, Washington. 

 

 

______________________________________ 

Peter W. Soverel 
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UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, et al., 
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Case No. 2:20-cv-00417-RAJ-MLP 
 
SECOND DECLARATION OF 
WILLIAM JOHN MCMILLAN 
 
 
 

 I, William John McMillan, declare the following on the basis of personal knowledge to 

which I am competent to testify: 

1. I have lived in at 40104 Savage Road in Concrete, Washington since 1998. Prior 

to 1998, I lived in Duvall, Washington from 1996 to 1998. I spent the remainder of my adult life 

in the Washougal, Washington area. 

2. I am a founding member of Wild Fish Conservancy, previously known as 

Washington Trout. I helped found Wild Fish Conservancy to fill a void created by a lack of 

groups focused on wild fish issues in Washington. When we started Wild Fish Conservancy, we 

were largely focused on preserving and protecting fish rather than fish ecosystems because there 

was not much information available regarding the importance of salmon nutrients outside human 
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uses. However, in the 1990s, we learned through developing salmon science and literature that 

salmon were important to the broader ecosystem, and vice versa. The board and staff of Wild 

Fish Conservancy, myself included, quickly realized that protection of ecosystems and protection 

of wild fish for the ecosystems had to be an important part of Wild Fish Conservancy’s mission. 

Since that progression of our vision for Wild Fish Conservancy, I have certainly considered an 

important part of Wild Fish Conservancy’s mission to include protection of wild fish for the 

benefit of the broader ecosystem, including species that depend on wild fish, like bears, orcas, 

and even raccoons. 

3. I have been and still am a member of Wild Fish Conservancy since 1989 and I 

make regularly financial donations to support the organization’s efforts. I was employed by Wild 

Fish Conservancy as a field biologist between November 1996 and 2007, when I retired. I 

continue to volunteer for the organization by performing spawning surveys, sampling fish 

carcasses, and assessing habitat changes, among other field activities. 

4. I live on the Skagit River, the largest native salmon bearing stream in Puget 

Sound. All of the streams in the Puget Sound ecosystem are in hard times right now, with fish 

not returning and populations dwindling. Compared to most of the streams, the Skagit provides 

significant remaining areas of healthy habitat for salmon, making it critically important for 

keeping up fish populations, including Endangered Species Act (“ESA”) listed Puget Sound 

Chinook, steelhead, and bull trout populations. 

5. I use and enjoy the Puget Sound ecosystem almost daily, through spawning 

surveys and documenting my results in reports, walking along the streams, photographing the 

ecosystem and fish, and fishing. I am an avid fisherman. I fish the Skagit 75–100 days per year—

virtually every day that conditions are good and the river is open for fishing—and I have fished a 
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number of other rivers in the Puget Sound ecosystem. I fish both because I want to try and keep 

contact with wild fish to determine whether things are changing for the better or worse and 

because I get spiritual enjoyment from connecting with nature while fishing. 

6. My son lives on the Elwha River, and I go there and walk through, enjoy, and 

observe that ecosystem as it recovers following dam removal. The Elwha used to have some very 

large Chinook salmon return, sometimes 90 or more pounds. They never return at that size 

anymore. 

7. One part of my life in Puget Sound remains unfulfilled: I have never seen a 

Southern Resident killer whale. I frequently intentionally create opportunities to do so, such as 

by sitting on the deck of ferries in Puget Sound, one of the ideal spots for viewing orcas, but I 

have yet to observe a Southern Resident killer whale and I fear I may never see one despite my 

best efforts. If their populations increased, my chance of seeing one would increase. 

8. I will continue to enjoy the Puget Sound ecosystem for the rest of my life. I intend 

to remain in my house along the Skagit for the rest of my life, and as long as I can walk, I will 

fish the Skagit. I also intend to continue fishing and enjoying the ecosystem of other rivers in the 

Puget Sound regularly, and I will continue doing the fish surveys and supplementing my reports 

with the data I gather. 

9. While I continue to use the Puget Sound ecosystem, I am deeply concerned about 

the harm commercial and sport fisheries in Southeast Alaska are having and will continue to 

have on the Puget Sound ecosystem, particularly on Southern Resident killer whales and wild 

salmon, including those with numbers so depleted that they are listed under the ESA, such as 

Puget Sound Chinook salmon, and Lower Columbia River Chinook salmon, and Willamette 

River Chinook salmon. These fisheries over harvest, depleting wild salmon populations and 
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depriving Southern Resident killer whales of their primary food source. I am concerned that the 

National Marine Fisheries Service (“NMFS” or “NOAA Fisheries”) is neglecting its duties to 

protect these species under the ESA, instead delegating its authority to manage the fisheries 

without ensuring their protection. I am also concerned that NMFS is neglecting its duties under 

the National Environmental Policy Act (“NEPA”) to fully evaluate its decisions related to the 

fisheries. I am concerned that, without gathering the requisite information under NEPA and the 

ESA, NMFS cannot possibly make informed decisions to ensure protection of Southern 

Residents and ESA-listed salmonids that are harmed by the fisheries. I understand that, rather 

than making an informed decision, NMFS is relying on hypothetical future mitigation measures 

to offset current adverse effects on Southern Residents and ESA-listed Chinook from the 

fisheries. I am concerned that the proposed mitigation—increasing hatchery production of 

Chinook—will adversely impact wild salmonids, including ESA-listed salmonids. As I discuss 

below, all of these effects and my concerns related to them in turn affect my scientific and 

recreational use and spiritual and aesthetic enjoyment of the Puget Sound ecosystem and they 

impact my ability to continue using the Puget Sound ecosystem as I have in the past. I believe 

my concerns and the harm from NMFS’s actions would—at least in part—be remedied if NMFS, 

the Department of Commerce, and their officials were made to comply with ESA and NEPA 

before they take actions that could adversely affect ESA-listed species. 

10. Today, I am primarily a fly fisher, but my love of fishing stems from learning 

how to bait fish as a child. My father taught me how to fish, and I taught my son, daughter, and 

grandchildren how to fish. Fishing is an important part of my family history. 

11. I was born in Oregon City, on the Willamette River. Chinook and salmon were a 

large part of our family history. My uncle, Edward, lived life-long on the Willamette River. I can 
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still remember when he won the Willamette Fall Fishing Derby in about 1952 by catching a 

46.6-pound wild spring Chinook salmon. There are none of that size anymore, with the common 

maximum about 30 pounds today, and most far smaller. Historically, a 1921 U.S. Fish 

Commission report indicated that the average sport caught spring Chinook at Willamette Falls 

was 25 pounds with those 50 pounds or more not uncommon. This is an example of the 

increasingly small size of Chinook that has occurred over time making it more difficult for orcas 

to survive. The returning Chinook are ever fewer, and ever smaller. 

12. I grew up close to the Washougal River, which flows into the Columbia River. 

Chinook returns in the mid-1950s were already greatly depleted, but there was still a small wild 

run. When I was 11 or 12, I went fishing in the Washougal River with my dad. He hooked a very 

large 40-pound wild Chinook while we were steelhead fishing. We were so excited about it as he 

played for nearly an hour. All of a sudden, the hook pulled out, and he lost the fish. It remains a 

great memory because it was so rare to see a Chinook like that in the Washougal.  

13. The first anadromous fish I caught was in 1956 in the Camas Slough, a side 

channel of the Columbia River where the Washougal River enters. It was a 21-inch wild 

Chinook. 

14. As soon as I was able to drive a car, I sought out opportunities to fish for wild 

species wherever I could afford to go. I fish for many species of wild fish, including bull trout, 

cutthroat and rainbow trout, winter and summer steelhead, Chinook salmon, coho salmon, pink 

salmon, chum salmon, and sockeye salmon. While I greatly enjoy fishing for a diverse array of 

wild fish, I feel that Chinook salmon are part of my spiritual identity, and the identity of my 

family. I was born and raised on the Willamette and Columbia River systems, with the Columbia 

noted as historically having the greatest runs of Chinook salmon anywhere in the world, and then 
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I moved to the Puget Sound area, so 100% of my life has been bound by the presence of Chinook 

salmon. 

15. When I first moved to my current house in 1998, we were busy moving, and I did 

not have as much time to fish. But I was excited to live right on the Skagit River because I knew 

the river historically had good populations of Chinook and other salmon. As a boy I used to read 

that it was not uncommon for a 50- to 60-pound Chinook to win the Hope Island fishing derby 

off the mouth of the Skagit in the 1940s and 1950s, whereas those populations were depleted in 

the Washougal River where I fished a lot as a kid and young adult. I knew the populations had 

suffered since the 1950s, but I hoped there would still be a good run. And sure enough, the first 

fish I hooked in the Skagit was a very large 30- to 35-pound, beautiful wild Chinook, which I 

carefully released. Since that time, I feel guilty even hooking one in their comparative rarity and 

diminishing numbers that orcas require to be sustained. 

16. I keep and eat the fish I catch whenever I can do so without causing damage to 

wild fish stocks. Accordingly, I no longer keep wild salmon or steelhead with most now 

protected from harvest when fishing in rivers due to ESA listings. However, I very much enjoy 

eating wild fish and wish their recovery could eventually allow me to do so. 

17. I have fished the Nooksack, Stillaguamish, Cascade, Sauk, Suiattle, Elwha, 

Snoqualmie, Skykomish, and Dungeness rivers of Puget Sound as well as the Skagit in hopes of 

encountering wild salmon, trout, and steelhead, but wild fish are increasingly rare and the present 

and historical hatchery programs have contributed to the wild fish losses. I find it very 

discouraging to fish where there are aggressive hatchery programs because I know the harm 

these programs cause to the dwindling wild populations. We need to diminish these hatchery 

programs, not increase them. 
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18. I have fished in the rivers along the Washington coast many times. Most recently, 

in 2019, I took a fishing trip with my son, and we fished the Hoh, Sol Duc, and Bogachiel 

Rivers. We were primarily focused on sea run cutthroat trout, but we had hope of catching a 

Chinook or Coho. I intend to return to these rivers and other rivers along the Washington coast to 

fish, but increased hatchery production of Chinook on the Washington coast would negatively 

impact any future fishing trips, as does continued overharvests in Southeast Alaska. I am not 

only concerned about the impacts of increased hatchery on the wild populations, but I am also 

concerned about the increased likelihood that I would see a hatchery fish Chinook on these trips, 

which would only remind me of the dangerously low wild populations they have contributed to. 

19. As I mentioned, I grew up on the Columbia River ecosystem, and fished the rivers 

for Chinook. I later lived on the Grande Ronde River for several months in 1992 and again in 

1994-1995 in the Snake River basin where I watched Chinook spawn. I also fished for steelhead 

in the Clearwater and Imnaha rivers of the Snake basin, as well as the Grande Ronde in the 

1970s to the mid-1990s where the few returning Chinook were also observed. After I moved 

away in 1996, I returned a few times to fish with my son in the John Day and Wind Rivers in the 

early 2000s, primarily for wild steelhead, which they were well managed for. But the Washougal 

River, once our home, we no longer return to. My son and I got into too many confrontations 

with people about continual illegal snagging of Chinook salmon due to massive hatchery plants 

into a small river with subsequent creation of social problems along the river it resulted in with 

negative consequences to all of its wild fish populations. The rivers in the Columbia River basin 

that I used to fish were so intensively managed for hatchery fish that there were almost no wild 

Chinook left to catch, much of the reason being overharvest in the resulting mixed-stock 

fisheries as well as spawning interactions, juvenile competition, predator attractions to the 
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releases, and even predation by the hatchery juveniles themselves with evidence several times of 

them disgorging just emerged wild fry. If there is a single place that demonstrates all that can go 

wrong with hatchery Chinook programs, it is the Washougal—where wild Chinook are in 

competition with the hatchery Chinook as juveniles and on the spawning grounds, and where 

wild Chinook are getting snagged on return as intermixed with the hatchery fish. In the past 8-10 

years a weir has been placed in the river intended to address the hatchery Chinook problem of 

spawning with wild Chinook. But it has not worked out as well as planned because during high 

flows the hatchery Chinook still get around the weir and onto the wild Chinook spawning 

grounds. It also further aggravated the snagging problem as both Chinook and steelhead gang 

below the weir with snagging attraction. In recent years there have been attempted corrections, 

but problems remain. These sorts of experiences have essentially poisoned the Washougal for 

me, and other Columbia tributaries I once fondly fished such as the Kalama and Klickitat, and I 

have not returned to fish them since. I see no future for wild Chinook in the Columbia River 

basin, and I have no incentive to ever return to the Washougal and other rivers in the Columbia 

River basin that have Chinook hatchery programs. If hatchery programs ceased and harvests 

reduced to a sustainable level, causing wild populations to increase, I could return to the rivers I 

once loved to fish. 

20. In 1972 I began writing about fishing. I began journal-writing as a hobby and later 

had articles published as a freelance writer. I have had over 50 articles published in magazines 

and books about fishing and conservation, including articles about fishing the Columbia River, 

Puget Sound, and Olympic National Park streams. I co-authored a book in 2012 with my son 

published with the title May the Rivers Never Sleep about wild fish conservation, and the 

importance of the return of wild anadromous fish to river systems. May the Rivers Never Sleep 
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also discusses watching wild fish as an alternative to angling, something that is increasingly 

necessary due to dwindling wild fish populations. As fish populations continue to decline, I find 

that I prefer to watch wild fish in Puget Sound streams as an alternative to angling. Spending 

time in the Puget Sound ecosystem observing the fish and wildlife is of great spiritual and 

learning significance to me, but I do wish I could angle more frequently. 

21. I also enjoy photographing native fish habitats throughout the Puget Sound 

ecosystem, including in the Nooksack, Samish, Skagit, Baker, Cascade, Sauk, Suiattle, 

Stillaguamish, Snohomish, Skykomish, Snoqualmie, Cedar/Lake Washington, Duwamish, 

Dosewallips, Dungeness, Morse Creek, and Elwha basins and subbasins all of which I have 

walked, surveyed, and/or photographed since moving to the Puget Sound area. My photographs 

have appeared on several magazine and book covers. I enjoy photographing nature because I 

love things that are visibly attractive and stir joy within. Wild fish are creatures of beauty and 

perfection as determined by the rigors of natural selection. As wild fish populations continue to 

diminish, I have fewer opportunities to photograph wild fish, which lessens my enjoyment of this 

activity. 

22. In addition to fishing and photography, I absolutely enjoy walking the tributaries 

of the Skagit River in spawning season and documenting wild fish spawning numbers as related 

above. I have done and continue to do spawning surveys along nine Skagit Basin tributaries and 

one Elwha tributary in the Puget Sound ecosystem. To do these spawning surveys, I spend 100 to 

200 days per year walking along the creeks and collecting data about spawning populations. I 

share the survey findings with management agencies, tribes, and conservation interest groups. I 

have produced five larger reports, varying in length from 40 to 250 pages, related to the survey 

data, and I keep these reports on file on an Academia website and people from over ten countries 
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have accessed them. There are shared interests throughout the world for wild fish populations 

and their habitat descriptions. I similarly access fishery papers from Canada, Asia, Europe, and 

South America. 

23. Based on my surveys, I have documented reasonably good numbers of wild 

Chinook in some years at Finney Creek, a tributary to the Skagit River, with 30 to 50 wild 

Chinook redds in it, which is always exciting to find, although far from historical levels. The 

Chinook spawning at the other streams is less common and far below what the habitat could 

support in all the streams. My way to keep in touch with Chinook in the Skagit basin is now 

through spawning surveys. And while I wish I could fish for wild Chinook in the Skagit, I still 

enjoy connecting with wild ESA-listed species through the surveys, particularly when the 

numbers are more promising as they sometimes are. 

24. I have also done a great deal of historical research on ESA-listed salmonids in 

Puget Sound and throughout the Pacific Coast. I have provided reports to federal and state 

agencies, including NOAA Fisheries, to address problems relating to fish mortality in the Puget 

Sound ecosystem. For example, in 2006, I was asked to provide a presentation to the NOAA 

Biological Review Team during their considerations for Puget Sound steelhead for listing under 

the ESA due to my familiarity with wild steelhead history in Washington, Puget Sound, and as 

distant as the Russian Kamchatka Peninsula and Alaska. In 2008, I was invited by the NOAA 

Puget Sound Steelhead Technical Review Team to accompany them on a tour of the 

Stillaguamish River and Sauk River (tributary of the Skagit River), and I provided them with a 

report relating to the loss of early run timing for winter-run steelhead. Since then I have regularly 

done volunteer steelhead and salmon spawning surveys on numerous tributary creeks in the 

Skagit River basin with regular reports to Skagit Basin interests, including Washington 
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Department of Fish and Wildlife personnel, members of the NOAA Technical Review Team for 

Puget Sound Steelhead, personnel from Skagit River System Cooperative Tribes, biologists from 

Seattle City Light, and various fish conservation group leaders, employees, and/or members. 

These reports have included tables and sometimes photographs of the findings sent to this list of 

recipients regarding the species of fish found, when they spawn, how many spawn, where they 

spawn, and the presence or absence of hatchery or farmed fish among the spawning populations. 

25. While I can connect to ESA-listed salmonids through surveys, walking the rivers, 

and sometimes fishing, I have never been able to connect with Southern Resident killer whales, 

despite my best efforts. I regularly take the ferries in Puget Sound because my son lives in Port 

Angeles and my daughter lives in Victoria, and I intend to continue to do so. 

26. Due to the Covid-19 situation my most recent Puget Sound ferry rides were in 

March 2020. In March of 2019 I took a ferry ride to, and a ferry ride from, Port Angeles to visit 

my son, and in November and December 2019 and March 2020, I visited both by son in Port 

Angeles and my daughter in Victoria, which required four ferry rides per trip. In total since 

March 2019, I took 14 ferry rides. On these ferry rides, I sat in the enclosure area at the front of 

the ferry, looking at the vista and hoping to encounter the site of an orca.  

27. Prior years since about 2000, I have probably averaged three to four visits to my 

son per year, or roughly six to eight ferry rides per year. In total, I have probably taken 130-160 

ferry rides since 2000. On these trips, I almost always try to see an orca by standing on viewing 

deck or sitting in the enclosed viewing area. I have seen gray whales and enjoyed other wildlife, 

but I have never seen an orca.  

28. Because of the coronavirus pandemic, I have not taken a ferry ride since March 

2020, but I intend to increase my visits to my son and daughter with regular monthly visits after 
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the pandemic is over, so I will take roughly 48 ferry rides per year. I will continue sitting in a 

viewing area and observing the Sound, trying to see an orca. While I enjoy viewing wildlife, my 

experience would be more enjoyable if I saw an orca. Seeing just one killer whale would be a 

highlight of my life. If Southern Resident populations increased, I would be more likely to see an 

orca on my trips. 

29. I will continue trying to see an orca on these trips, but I am not optimistic about 

my chances unless their populations increase. I believe that, for their populations to increase, 

they need more and bigger Chinook, which means the Southeast Alaska commercial and sport 

fisheries must stop harvesting so many ESA-listed Chinook bound for Washington and the 

Columbia River and that we must reduce harmful impacts from hatcheries. For Chinook to reach 

the particularly large sizes that orcas require for the most caloric intake with the least feeding 

effort, the Chinook have to commonly live to ages 4 to 7 years, as was far more common 

historically than today. Ocean harvest pressures today, particularly in the Southeast Alaska area 

where many Columbia, Willamette, and Puget Sound Chinook make their migrations, make it 

unlikely that very many Chinook reach these older ages, and therefore larger sizes, that Southern 

Residents require to better sustain themselves. 

30. My pursuits in protecting and enjoying the Puget Sound ecosystem and wild 

native fish are substantially diminished by the effects from NMFS’s mismanagement of the 

commercial and sport fisheries in Southeast Alaska. We are already suffering from river closures 

and mandatory wild release sport fisheries because threatened and endangered fish populations 

are so low, due to pollution, timber harvest, dams, hatcheries, warming streams and ocean, and 

other harms, and this will only be exacerbated by the continued unlawful harvest of depleted 

wild Chinook of Washington and Columbia origin at those fisheries. 
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31. I understand that, in this lawsuit, Wild Fish Conservancy alleges that NMFS, the 

Department of Commerce, and NMFS and Department of Commerce officials violated and are 

violating the ESA and NEPA for their actions related to the Southeast Alaska commercial and 

sport fisheries. While I am generally concerned by their failure to gather all necessary 

information and science and to let that science inform their decisions, one of my biggest 

concerns with this is that they are planning future, hypothetical hatchery mitigation to offset 

current, real impacts to ESA-listed species from overharvests. This concerns me because some of 

the ESA-listed species, such as the Southern Residents, are on the brink of extinction now, and I 

am concerned that they do not have time to wait for future mitigation. I am concerned about their 

violations and the effects they have on wild native fish, ESA-listed species, the Puget Sound and 

Washington ecosystems, and the public, all of which in turn impacts my interests and activities 

now and in the future.  

32. I am particularly concerned that the hypothetical mitigation will actually harm, 

not mitigate, impacts to ESA-listed species, particularly wild Chinook and, in turn, species like 

the Southern Residents that depend on Chinook salmon as prey. My understanding is that 

hatchery Chinook programs have not resulted in greater returns and have not led to recovery of 

ESA-listed Chinook. I think that if NMFS adequately consulted under the ESA, considered the 

best available science, and conducted a thorough NEPA analysis in compliance with the law, 

NMFS could understand the impacts its proposed mitigation will have on ESA-listed fish and 

orcas. I will make my fishing decisions based on whether there are wild or hatchery populations 

in a river, as I have no interest in fishing for hatchery fish, and I will be upset if I catch a 

hatchery Chinook when I fish in Puget Sound and along the Washington coast. 
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33. While being mindful and respectful of the recovery of depressed fish population 

and the adverse effects from the Southeast Alaska fisheries and the proposed mitigation on the 

Puget Sound and Washington ecosystems, I will continue fishing, engaging in spiritual 

observation, photographing, surveying, and researching in the area almost daily for the rest of 

my life. While I will continue to enjoy the ecosystem regularly, my enjoyment would be 

improved if ESA-listed species’ populations increased, and if I did not have to worry about their 

recovery while I try to engage with the species in their ecosystem. My enjoyment would be 

improved if I knew NMFS was fully complying with the law, considering all the necessary 

science, and using that science to make the best decisions for ESA-listed species. 

34. I am very concerned that NMFS has not complied and is not complying with the 

ESA and NEPA. The concerns from the adverse effects of the Southeast Alaska fisheries and 

proposed hatchery mitigation diminish the enjoyment I get from fishing, walking along rivers, 

surveying and documenting spawning, and photographing throughout the Puget Sound and 

Washington ecosystems. The concerns also diminish my enjoyment of orca viewing from Puget 

Sound ferries, because it makes me think of why I have never seen an orca, which is because 

they are starving to death from lack of adequate food. My concerns would be remedied by a 

court order requiring NMFS to comply with the ESA and NEPA before going forward with its 

actions. I would certainly feel a lot better if NMFS consulted again to do a better job, considered 

the best available science and reasonable alternatives, and actually required mitigation measures 

that would mitigate the impacts to ESA-listed species, such as reduced harvests. I am very 

distrustful of how ESA enforcement has progressed for Chinook and Southern Residents, but 

compliance with more stringent measures would be welcome. Any reduction in harvest would be 

a step in the right direction toward recovery. If NMFS lives up to its obligations under the law, I 
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Case No. 2:20-cv-00417-RAJ-MLP 

 

SECOND DECLARATION OF KURT 

BEARDSLEE 

 

 

 

I, Kurt Beardslee, declare the following: 

1. My name is Kurt Beardslee. I am a co-founder of Wild Fish Conservancy 

(“Conservancy”) and have served as the organization’s Executive Director for the last 30 years. I 

make this declaration based on personal knowledge. As the co-founder and Executive Director, I 

am familiar with the missions and objectives, membership, structure and funding of the 

Conservancy and am competent to testify before the Court to the matters declared herein if 

necessary. 

2. The Conservancy is a membership-based non-profit 501(c)(3) organization 

formed under the laws of Washington State that is dedicated to the recovery and conservation of 

the region’s wild fish ecosystems. This includes recovery and conservation of the rivers and 
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environment upon which wild fish depend, as well as other species that play a central role in 

defining the wild fish that exist today, such as their predators and prey. The predators and prey of 

wild salmon define the species as they exist today, shaping their migration genetics and more for 

millions of years, and the Conservancy therefore considers protection of all parts of the wild fish 

ecosystems as central to protecting wild fish. The Conservancy seeks to protect wild fish so they 

will continue to provide cultural, ecological, nutritional, aesthetic, and recreational benefits to 

our region, including subsistence fishing and prey for Southern Resident Killer Whales and other 

species. 

3. Through science, education, and advocacy, the Conservancy promotes technically 

and socially responsible resource management to better sustain the region’s wild fish heritage. 

The Conservancy is continually engaged in research and monitoring projects aimed to guide its 

restoration, protection, advocacy, and public education efforts, and to improve basic 

understanding of the natural and anthropogenic processes influencing the health of wild fish 

populations. The Conservancy develops and implements ecological process restoration initiatives 

intended to recover important ecosystem functions, to recreate dynamic and self-maintaining 

habitat systems, and to serve as models through the region. The Conservancy is devoted to 

educating members of the community about wild fish, their habitats, and the ways that humans 

impact native fish stocks. The Conservancy provides a variety of education resources and 

opportunities to increase awareness, stimulate thinking, and encourage informed decision-

making. The Conservancy advocates for socially responsible and scientifically credible 

conservation by reviewing and commenting on policy proposals and other proposed government 

actions, participating in technical forums, working with resource management officials, 

developing information/action campaigns, and legally challenging actions when necessary. The 
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Conservancy currently employs twenty members who carry out the organization’s science, 

education, and advocacy programs. 

 4. The Conservancy seeks to recover and conserve wild fish ecosystems to, among 

other things, ensure wild fish continue to provide the important ecological and cultural benefits 

that they have historically. Such benefits include: sustainable harvest by First Nations, Tribal 

members, and fishermen, including members of the Conservancy; sufficient prey for predators 

that depend on wild salmonids and other fish, like Southern Resident Killer Whales and sea 

lions; and maintenance of the overall biodiversity of Puget Sound, including a stable predator-

prey relationship throughout the ecosystem.  

 5. As part of those efforts, the Conservancy has established projects demonstrating 

methods for sustainable harvest. For example, since 2016, the Conservancy has led a multi-year 

study in the lower-Columbia River to evaluate pound nets for selective harvest and bycatch 

mortality reduction in commercial salmon fisheries. 

 6. Likewise, the Conservancy has long considered protection of wild fish predators 

as part of its mission. I was therefore surprised and disappointed when the National Marine 

Fisheries Service (“NMFS”) asserted in this case that the Conservancy’s mission does not 

encompass protection of Southern Resident Killer Whales. That argument is, quite simply 

factually inaccurate. As the Executive Director and a co-founder of the Conservancy, I am one of 

a few individuals that is best-positioned to understand and articulate the Conservancy’s mission. 

I can state with complete confidence that the Conservancy’s mission includes the preservation 

and protection of wild fish predators, especially those like Southern Residents that play a central 

role in shaping the evolutionary significant units and distinct population segments of salmonids 

that exist in the Pacific Northwest. Any statement to the contrary is a factual misrepresentation. 
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Indeed, the Conservancy has repeatedly demonstrated its interests in protecting wild fish 

predators and other essential components of wild fish ecosystems. 

 7. For example, the Conservancy sought to protect sea lions in litigation challenging 

NMFS’s decision to allow intentional lethal “take” of sea lions that it claimed were having a 

negative impact on salmon protected under the Endanger Species Act (“ESA”). Humane Society 

v. Locke, 626 F.3d 1040 (9th Cir. 2010). The Conservancy sought to protect sea lions in this 

lawsuit and ensure sound science drives any recovery decisions for ESA-listed salmon. 

 8. The Conservancy has a long and extensive record of seeking to protect Southern 

Residents, as it seeks to do here in this litigation. In 2007, the Conservancy published a journal 

article entitled “A Future for Puget Sound’s Killer Whales: The Link Between Killer Whales and 

Wild Salmon,” which identified prey limitations as among the threats facing killer whales and 

explained: 

Southern Resident killer whales and Puget Sound chinook are both 

valuable and worth saving for the ecological roles they play within 

their entire ecosystem. One of the roles of [Puget Sound] chinook 

appears to be sustaining healthy populations of [Southern Resident] 

killer whales in Puget Sound and Georgia Strait. Southern Resident 

killer whales will not likely be recovered without recovering [Puget 

Sound] chinook, and the [Puget Sound] chinook populations cannot 

be considered effectively recovered until it is fulfilling all its 

ecological functions. 

 

“A Future for Puget Sound’s Killer Whales: The Link Between Killer Whales and Wild 

Salmon,” Wild Fish Journal, pp. 20–21 (Spring 2007), a true and accurate copy of which is 

attached hereto as Exhibit 1 (excerpts). The Conservancy has continued to study and publish 

materials on the link between salmon abundance and survival of Southern Residents. E.g., 

“Understanding How Ocean Harvest Affects the Size, Abundance, and Resiliency of Chinook,” 

Wild Fish Runs (Summer 2020), a true and accurate copy of which is attached hereto as Exhibit 
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2 (explaining how “mixed-stock ocean fisheries” are reducing availability of older and larger 

Chinook salmon that Southern Residents depend upon). 

 9. The Conservancy has also participated in a various regulatory efforts intended to 

protect Southern Residents, including the following: 

  a. The Conservancy submitted to the Southern Resident Killer Whale Task 

Force a proposal titled “Emergency Measures for Both Sides of the Border Required to Save 

Southern Resident Killer Whales” (Aug. 27, 2018), a true and accurate copy of which is attached 

hereto as Exhibit 3; 

  b. The Conservancy submitted comments to NMFS titled “Submission to 

NOAA on Protective Regulations for Southern Resident Killer Whales” (Dec. 2019), a true and 

accurate copy of which is attached hereto as Exhibit 4; 

  c. The Conservancy submitted “Comments to the Pacific Fishery 

Management Council Regarding Final Recommendations by the Southern Resident Killer 

Whales (SRKW) Working Group for Fishery Management and Conservation Measures to 

Address Risks to SRKW DPS Posed by Council Chinook Salmon Fisheries” (Nov. 6, 2020), a 

true and accurate copy of which is attached hereto as Exhibit 5; and  

  d. The Conservancy submitted comments to the Washington State 

Department of Fish and Wildlife related to impacts to Southern Residents from commercial 

viewing vessels titled “Submission on commercial licensing program to Washington Department 

of Fish and Wildlife” (Nov. 30, 2020), a true and accurate copy of which is attached hereto as 

Exhibit 6. 

 10. The Conservancy has also engaged with its members and the public in numerous 

efforts aimed at protecting Southern Residents and their prey, including issuing press releases, 
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publishing white papers, working with coalitions, and calling on its members to take steps to 

protect Southern Residents. 

 11. The Conservancy regularly seeks to participate in decision-making processes 

related to salmonids and aquatic species in the Northwest. The Conservancy has provided 

detailed technical and scientific comments on numerous actions proposed by the NMFS, 

including actions related to federal funding and approval of hatchery programs and salmon 

harvest, and on the environmental documents prepared under the National Environmental Policy 

Act (“NEPA”) to accompany those proposed actions. The Conservancy has worked on hatchery 

issues in Puget Sound and the Columbia River for more than twenty years, participating in many 

NEPA processes related thereto, including NMFS’s NEPA efforts for Mitchell Act hatchery 

programs in the Columbia River and NMFS’s NEPA efforts for its ESA approval of Puget Sound 

hatcheries. Indeed, litigation by the Conservancy prompted NMFS’s NEPA efforts on many of 

those hatchery programs, and the Conservancy then participated in the subsequent NEPA 

processes, including the public comment processes. 

 12. NMFS’s 2019 Biological Opinion for salmon harvest in the federal waters of 

Southeast Alaska (“2019 SEAK BiOp”) describes NMFS’s plan to federally fund new increased 

hatchery production in Washington and Oregon to offset reductions in prey for Southern 

Residents resulting from the approved harvests in Southeast Alaska. It is remarkable that NMFS 

would authorize these harvests and develop and implement this massive new hatchery plan 

without first evaluating impacts from the proposal and alternatives under NEPA. The 

Conservancy would certainly have participated in any such NEPA or other public process 

provided for the 2019 SEAK BiOp addressing the salmon harvests in Southeast Alaska and the 

increased hatchery production. The Conservancy has studied salmon and their ecosystems, 
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salmon hatcheries, and salmon fisheries for many years and has developed extensive expertise on 

these matters. The Conservancy would have used that expertise to review and evaluate NMFS’s 

proposal and alternatives thereto. The Conservancy would then have provided NMFS with 

detailed scientific comments on the salmon harvests in Southeast Alaska, the impacts of those 

harvests on the Southern Resident Killer Whale and wild salmon populations, and the likely 

effectiveness and harmful impacts of NMFS’s proposal to offset harvests with hatchery 

programs. NMFS’s failure to provide a NEPA process deprived the Conservancy of the detailed 

scientific information required in NEPA documents and it prevented the Conservancy from 

providing comments to NMFS advocate on behalf of its members and on behalf of imperiled 

species. It is particularly disconcerting that NMFS appears to have elected to authorize the 

harvests in reliance on uncertain future hatchery programs without fully studying the 

consequences of that proposal and all reasonable alternatives thereto. NEPA requires such an 

analysis of alternatives. 

 13. The Conservancy has been a plaintiff in several lawsuits seeking to compel 

compliance with laws designed to protect native fish and their ecosystems. The Conservancy 

prosecutes these public interest lawsuits under wide array of environmental statutes, including 

the ESA and NEPA. The Conservancy initiates litigation only after serious consideration and 

exhausting other means of advocacy. The Conservancy takes its role as a citizen group enforcing 

public interest laws seriously and endeavors to treat the parties and the Court with the utmost 

respect.  

 14. The Conservancy has an average annual operating budget of approximately 

$1,636,600 million, which comes from grant-funding and donations. Nearly all of this funding is 

restricted to specific projects, so the organization has very little discretionary funding that is 
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generally available. The organization’s funding primarily supports scientific research, restoration 

projects, salaries for staff members, and basic operating expenses. As a non-profit organization, 

the Conservancy does not earn or retain profits for itself or its members. 

 15. At the end of 2019 (the last year for which a Form 990 has been filed with the 

Internal Revenue Service), the Conservancy had assets (net of liabilities) of $238,076. The 

Conservancy’s non-profit status, funding situation, and relatively small base of assets prevent the 

organization from being able to post a substantial bond in this litigation. Because the majority of 

the organization’s funds are restricted to existing projects and staff salaries, the organization 

would likely be forced to lay off staff members or cease certain operations if required to post a 

bond in this litigation. Therefore, a substantial bond would harm the organization’s ability to 

fulfill its mission and serve its members. Because a substantial bond requirement would pose 

such undue hardships, the Conservancy would not be able to pursue relief if such a bond was a 

prerequisite. 

 16. The imposition of a bond would have a chilling effect on the Conservancy’s 

litigation efforts and discourage its participation in lawsuits where a bond was required to obtain 

relief needed to protect its interests. If the Conservancy is forced to bear a large financial burden, 

it will be discouraged from seeking to vindicate public interests through citizen suits. 

 17. The Conservancy has no personal or financial stake in this litigation, beyond its 

litigation expenses, and will not profit from this litigation in any way. The Conservancy brings 

this action on behalf of the public interests, including those of its members, intended to benefit 

by the Endangered Species Act and the National Environmental Policy Act.  
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18. William (Bill) McMillan is currently a member of the Conservancy and has been

since long before 2000, which is as far back as we maintain membership records. In fact, Mr. 

McMillan has been a member since he helped found the organization in 1989. 

19. Pete Soverel is currently a member of the Conservancy and has been a member

continuously since long before 2000, which is as far back as we maintain membership records. 

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing is true 

and correct. 

Executed this 26th day of April, 2021 at Duvall, Washington. 

Kurt Beardslee, Executive Director 

Wild Fish Conservancy 
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Spring 2007 

S C I E N C E E D U C A T I O N A D V O C A C Y

W I L D  F I S H
J O U R N A L

SAVING PUGET SOUND: 
A SPECIAL SECTION, see page 14

Publication of the WILD FISH CONSERVANCY
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The tall black dorsal of a mature killer whale slicing silently through still blue water is a visual icon 
of Puget Sound, a cultural touchstone and an indicator of the region’s ecological health. In the late 1960s, 
killer whales became part of American popular culture when they first started appearing in marine parks, 
displaying their beauty, power, and remarkable intelligence for an adoring public. The killer whales 
America fell in love with came from Puget Sound, rounded up in a six-year live capture operation. Since, 
we have learned that these killer whales are far more than smart, athletic entertainers, and that their 
highest value is in the wild, foraging for salmon in the fjords and passes of their inland sea. Today, not 
quite 40 years since we hijacked them into our lives, the wild killer whales of Puget Sound are in trouble, 
and their future is uncertain.

A Future for Puget Sound’s 
Killer Whales

Nick Gayeski, Wild Fish Conservancy Aquatic Ecologist 
Ramon Vanden Brulle, Wild Fish Conservancy Conservation Analyst 

K21 (male, born 1986) passes in front of the Seattle skyline. Southern Resident killer whales frequent Puget Sound and 
the Seattle area  following runs of chinook salmon.
Photo by John Durban/Center for Whale Research, www.whaleresearch.com.

The Link Between Killer Whales and Wild Salmon
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Puget Sound’s killer whales, sometimes called orcas, 
are known technically as Southern Resident killer whales. 
In 2005 the National Marine Fisheries Service declared 
SR killer whales an endangered species throughout their 
range, primarily Puget Sound, the Strait of Juan De 
Fuca, southern Georgia Strait, and the coasts of British 
Columbia and Washington. SR killer whales are in danger 
of extinction due to a small and declining population 
size, toxic contamination, 
reduction in quantity and 
quality of prey (primarily 
salmon), noise from marine 
motor traffic and sonar, and 
the potential for catastrophic 
oil spills.

SR killer whales occur 
in Canadian waters and were 
listed as endangered under 
the Canadian Species at Risk 
Act (SARA) in 2004. The 
neighboring but genetically 
distinct Northern Resident 
killer whale population was 
listed as threatened under 
SARA at the same time. 

Both populations 
have suffered a recent period of significant decline. The 
Northern Resident population is at about 220 individuals, 
and there are about 90 SR killer whales in Puget Sound and 
nearby waters. 

From May through October SR killer whales spend 
their time primarily in the Strait of Juan De Fuca, Puget 
Sound, and the southern Georgia Strait. During the summer 
and fall, SR killer whales overlap in their range with the 
Northern Resident population. During winter the majority 
of SR killer whales occupy coastal regions of southern 
Vancouver Island and Washington state, but can range as 
far south as central California. 

The dominant prey of NR and SR killer whales 
are salmon, principally chinook, which have declined 
significantly throughout British Columbia and Washington. 
Puget Sound chinook are listed as a threatened species 
under the ESA. At least one study has shown a strong 
correlation between resident killer whale mortality and 
chinook abundance. 

In response to the PS chinook listing, federal, state, 
local, and private entities in the region are developing 
broad initiatives to conserve and recover freshwater 

chinook-habitats in Puget Sound. Wild Fish Conservancy 
has developed major restoration projects, advocated for 
better forestry, development, and agricultural practices, 
and identified previously unprotected salmon habitats 
throughout Puget Sound (see Conserving the Lifeblood 
of Puget Sound p.22). PS chinook recovery will depend 
in large part on the success of these and other habitat 
conservation measures, and local chinook populations may 

respond with increases in 
abundance, but it will take 
decades, time that SR killer 
whales may not have. 

Of course declines in 
abundance threaten many 
PS chinook populations 
themselves, and Wild 
Fish Conservancy and 
other advocates have 
been concerned that 
current fisheries impacts 
may be jeopardizing the 
recovery of PS chinook 
and other listed salmon 
populations. Since 2000, 
Wild Fish Conservancy has 
been advocating to lower 
fisheries impacts on listed 

PS chinook and challenging NOAA Fisheries to manage 
salmon harvest in compliance with the ESA (see Reforming 
Fisheries to Recover Puget Sound Chinook, p.15).

Better salmon harvest management would avoid 
jeopardizing PS chinook recovery, and almost immediately 
increase the probability that SR killer whales will 
encounter enough salmon to support their recovery. 

 
KILLER WHALE ECOLOGY 
Killer whales are certainly not wild fish. Like all 

cetaceans, killer whales are marine mammals, technically 
the largest species of porpoise.  There are three killer 
whale ecotypes, offshores, transients, and residents. Each 
exhibits distinct patterns of habitat use, social organization, 
behavior, and diet. SR and NR killer whales are residents.

Resident killer whales live their lives within discreet 
geographic ranges, often inside waters, and feed almost 
exclusively on fish. In the northeastern Pacific they feed 
primarily on salmon, predominately chinook salmon. 
Transient killer whales range along entire coasts, and prey 
almost entirely on marine mammals, seals, sea lions, and 
whales. Less is known about offshore killer whales. They 
occupy marine waters 15 kilometers or more offshore and 

Northern Resident killer whale range map.  Map courtesy of Canadian 
Wildlife Service.
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are thought to feed primarily on fish. There are distinct 
genetic differences between the three ecotypes. 

Resident killer whale populations are subdivided 
into groups closely related by maternal descent (Ford et 
al 2000, page 25)*. Pods are highly cohesive; they travel 
together, feed together, and have distinct and common 
acoustic dialects. A clan is a group of pods with closely 
related acoustic dialects. 
Populations (also referred 
to by researchers as 
communities) are made 
up of pods that regularly 
associate with one another. 
Pods from one community 
rarely or never travel with 
those of another even 
when their ranges overlap. 
Interbreeding among 
populations never occurs, 
but neither does breeding 
within pods. Within 
populations, males from one 
pod breed with females from 
other pods. After breeding, 
males return to their 
maternal pod.

The Southern Resident population consists of one 
clan divided into three pods (labeled J, K, and L). The 
Northern Resident population consists of sixteen pods in 
three clans. 

In a healthy resident killer whale population, 
females have an average life expectancy of 46 years and a 
maximum age of 80. Females typically give birth to their 
first calf at 14 and have an average reproductive period 
of 24 years, producing on average 4.7 calves. Males have 
an average life expectancy of 31 years and a maximum 
age of 70, reaching sexual maturity at 13 but not attaining 
complete physical maturity until 18.5 years. 

RECENT HISTORY AND CURRENT STATUS
In 1967 the SR killer whale population was estimated 

at 96, recovering from a previous decline. In 1960 the 
population was estimated to have numbered 78 (Olesiuk 
et al. 1990, cited in Baird 2000). That recovery was 
interrupted from 1967 to 1973, when approximately 48 
killer whales were removed in live capture operations. 
Thirty-five whales were relocated to public aquaria and at 
least another 12 died from capture attempts. By 1971, the 
population was reduced to 67 individuals, the smallest size 
in the period from 1960 to the present. 

While both NR killer whales and SR killer whales 
were affected by the live capture program, Southern 
Residents suffered a much greater impact from the 
removals. Both populations began a period of recovery 
in 1971 that ended around 1996. The NR population 
grew steadily to 220, but the SR population increase was 
slower and more variable, peaking at 98 in 1995. Then 
a significant steady decline began in both populations. 

Northern Residents 
declined to 201 in 2001, 
rebounding to 219 in 
2004. Southern Residents 
declined to 81 in 2001, 
increasing to 90 today.  
The recent declines in 
both populations are due 
almost entirely to increased 
mortality rates, rather than 
reductions in birth rates or a 
combination of the two.

THREATS AND 
LIMITING FACTORS  
Long life-spans, late age-at-
maturity, and the complex 
matrilineal social structure 
of the SR killer whale 
population make it difficult 

to pinpoint the factors responsible for the population’s 
decline. Directed hunting of SR killer whales as “nuisance 
predators” may have been a factor prior to 1960, but it does 
not appear to be a factor since the end of the live-capture 
period.

Factors that have been identified include: reduction 
in the quantity and/or quality of prey, toxic contamination, 
marine noise/disturbance, and the threat of catastrophic oil 
spills.

Prey limitation
Researchers from Fisheries and Oceans Canada 

Pacific Biological Station found that almost  97% of killer 
whales’ diet consists of salmon, 72% chinook, 21% chum, 
and less than 7% pink, sockeye, and steelhead combined 
(Ford and Ellis 2005). Based on calculation of the daily 
caloric requirements of killer whales, the current SR killer 
whale population needs to consume 800,000 adult salmon 
annually (Krahn et al. 2002, page 19). If chinook salmon 
comprised only 50% their diet, SR killer whales need to 
consume 400,000 chinook annually. Chinook salmon have 
declined significantly throughout British Columbia and 
Washington.

Southern Resident killer whale range map.   Map courtesy of Canadian 
Wildlife Service.
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Researchers have examined mortality rates of NR 
and SR killer whales for correlations with one another and 
with chinook abundance in several commercial fishery 
areas from Southeast Alaska to Washington State (Ford 
et al. 2005). In almost every area, they found a strong 
correlation between resident killer whale mortality and 
total chinook abundance (Ford et al. 2005, Figures 11, A2, 
and A3). 

Toxic Contamination
Southern Resident killer whales have been exposed 

to several kinds of toxic organochlorines (OCs), including 
polychlorinated biphenyls (PCBs), chlordanes, and DDTs. 
OC exposure has been strongly linked to deleterious 
biological effects, including immunosuppression and 
endocrine disruption, leading to increased mortality and 
decreased reproduction (Krahn et al 2004, pp. 59 - 62).

OCs have a strong chemical affinity for fats, or 
lipids, and killer whales accumulate high levels of OCs in 
a large lipid storage compartment, their blubber.  Mature 
females appear to have lower OC levels because OCs in 
their blubber are metabolized in the production of milk and 
transferred to their first-born calves. 

Marine Noise
Killer whales have a highly developed acoustic 

sensory system used for communication, echolocation, 
and navigation. Human generated marine noise might be 
masking and interfering with acoustic signals killer whales 
rely on, impairing their foraging, social, and reproductive 
success. Three types of noise could be adversely affecting 
SR killer whales: military and other sonar, motorized 
vessel traffic, and underwater industrial operations (pile 
driving and dredging). 

The US Navy conducts sonar operations in Hood 
Canal and the Strait of Juan de Fuca. High-output sonar 
can damage killer whale hearing and disrupt behavior. The 
Navy claims to have developed sonar-operations guidelines 
to protect SR killer whales, but the guidelines are not 
mandatory. Seventy-three commercial whale-watching 

boats serve 400,000 passengers annually in Puget Sound 
and southern Georgia Strait (Krahn et al. 2004, pp. 33-
4). There is concern about acoustic impacts and that the 
large volume of boats may result in significant behavior 
disruption. One researcher has recommended a maximum 
allowable number of five boats within 400 meters of SR 
killer whales (Erbe 2002). 

Oil Spills
Southern Resident killer whales travel and forage 

together in large groups. A significant proportion of the 
entire population would likely be affected by an encounter 
with a large oil spill. After the Exxon Valdez oil spill in 
1989, mortality rates in the resident killer whale pod in 
Prince William Sound increased from 3% in 1988 to 20% 
in 1989 and 1990. An annual mortality rate of 20% is 
unprecedented in North Pacific killer whales (Krahn et 

al 2002., page 66); typical annual mortality rates in killer 
whale populations average less than 4%. Oil tanker traffic 
is significant and increasing in the Strait of Juan De Fuca 
and Puget Sound. Aging, single-hulled tankers are expected 
to be phased out and replaced with safer double-hulled 
tankers, but not until 2015 (F. Felleman, cited in Baird 
2001). 

RECOVERY
With still relatively little known about SR killer 

whales and the reasons for their decline, it is difficult to 
develop a specific recovery plan and timeline. NMFS has 
proposed a principal criteria for SR killer whale recovery, 
that the population exhibit an increasing abundance trend 
at an average annual growth rate of 2.3% for 28 years. 
If the current population of approximately 90 SR killer 
whales sustained a growth rate of 2.3% for the next 28 
years the population would number 170. In view of the 
current condition of Puget Sound and the state of chinook 
salmon populations, it will require considerably longer 
than 28 years to achieve these recovery criteria. 

It appears likely that the threats of potential oil spills, 
marine noise, toxic contamination, and loss of prey will 

Northern Resident killer whales off of Klemtu, British Columbia.  Photo by Kurt Beardslee. 
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all have to be adequately addressed to save Puget Sound’s 
killer whales, but Wild Fish Conservancy agrees with 
many killer whale advocates that chinook salmon recovery 
will be a primary factor in SR killer whale recovery. If the 
current population requires 800,000 salmon (two-thirds 
chinook) to sustain itself, a population of 170 killer whales 
will require over 1.5 million salmon, a million or more of 
them chinook. 

NMFS says too little is known about SR killer whale 
feeding ecology to determine whether SR killer whales are 
prey limited. We do know that chinook abundance in Puget 
Sound and southern Georgia Strait is well below historical 
levels. Puget Sound chinook have been listed as threatened 
since 1999. At least one study has shown a relationship 
between mortality rates among SR killer whales and 
chinook abundance.  It seems reasonably clear that any 
meaningful recovery of killer whales in Puget Sound will 
require increases in PS chinook abundance. 

To recover PS chinook abundance, the region, the 
state, and the US government are implementing new 
regulations, improved land-use practices, and restoration 
initiatives to conserve and recover functioning freshwater 
salmon habitats in Puget Sound. Wild Fish Conservancy 
has been involved in many of these initiatives. Long term 
PS chinook recovery will depend on these measures, but 
they are not quick fi xes. It could take decades for them to 
increase local chinook abundance. That may be too long 
for SR killer whales.

It may be too long for PS chinook. Along with 
the loss of quality habitat, fi sheries impacts are likely 
jeopardizing the recovery of PS chinook and other 
listed salmon populations. Fortunately, improving the 
management of salmon fi sheries to secure PS chinook 
recovery would also increase the probability that SR killer 
whales will encounter adequate numbers of chinook to 
meet their biological requirements, and it would do it 
almost immediately.  

Since 2000, Wild Fish Conservancy has been 
challenging NOAA Fisheries to lower fi sheries impacts 
on listed PS chinook and manage salmon harvest in 
compliance with the ESA.  In October 2006 Wild Fish 
Conservancy, with the Salmon Spawning & Recovery 
Alliance, the Native Fish Society, and the Clark-Skamania 
Flyfi shers, fi led a complaint against NOAA under the 
ESA, challenging its approval of the Puget Sound 
Comprehensive Chinook Management Plan, intended to 
guide salmon harvest activities that impact PS Chinook 
until 2010

The plan does not meet NOAA’s own criteria for 
approving salmon-harvest plans. Abundance targets 
developed for the harvest plan are often less than one-
tenth of NOAA’s own goals, and NOAA acknowledges 
that currently approved harvest rates are too high to 
allow recovery for important PS chinook populations. 
NOAA Fisheries failed to consider changes in fi shing 
practices as reasonable and prudent alternatives, and new 
information demonstrating higher than expected impacts 
on PS chinook requires NOAA to re-initiate its evaluation 
of the plan. We are asking the court to order NOAA to 
withdraw its approval of the harvest-management plan and 
develop more appropriate salmon-harvest regulations (see 
Reforming Fisheries to Recover Puget Sound Chinook, 
p.15). 

In 2008 the US will begin negotiations with Canada 
to renew the Pacifi c Salmon Treaty. Achieving fi sheries 
that contributes to the recovery and conservation of 
SR killer whales should be a principal objective of US 
negotiators. NMFS has an obligation to ensure that the 
Pacifi c Salmon Treaty adequately protects SR killer whales 
and does not jeopardize their recovery, and it should use its 
authority under the ESA, the Marine Mammal Protection 
Act, and Magnuson-Stevens Act to ensure the adequacy of 
a new Treaty. To buffer NR and SR killer whales against 
fl uctuations in chinook abundance, some fi sheries may 
need to be limited, and increases in harvest opportunities 
and levels should be tied to increases in survival and 
abundance of SR and NR killer whales.

Today, there is a worldwide emphasis on achieving 
ecosystem fi sheries that explicitly manage for the 
biological requirements of top predators in marine 
ecosystems, including marine mammals. The recently 
renewed Magnuson-Stevens Fishery Conservation and 
Management Act requires fi sheries to be managed for 
their impacts on non-target species, including predators. 
Krill and groundfi sh fi sheries in the Antarctic under the 
Conventions for the Conservation of Antarctic Marine 
Living Resources are managed to protect marine predators, 
including seals, penguins, and whales. Salmon fi sheries 
that likely affect killer whales should be treated no 
differently.

Southern Resident killer whales and Puget Sound 
chinook are both valuable and worth saving for the 
ecological roles they play within their entire ecosystem.  
One of the roles of PS chinook appears to be sustaining 
healthy populations of SR killer whales in Puget Sound 
and Georgia Strait. Southern Resident killer whales will 
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not likely be recovered without recovering PS chinook, and 
the PS chinook population cannot be considered effectively 
recovered until it is fulfilling all its ecological functions. 
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Understanding How Ocean Harvest
Affects the Size, Abundance, and
Resiliency of Chinook

Wild Fish Conservancy's Dr. Nick Gayeski explains his latest work to develop

an individual-based eco-genetic model of Chinook salmon in order to improve our

understanding of how harvest in the mixed-stock ocean �shery is changing wild Chinook

that Southern Resident killer whales, coastal communities, and our region's ecosystem

depend on.

By Dr. Nick Gayeski, Senior Fisheries Biologist
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NMFS permit #19091

The life history of Chinook salmon differs in important ways from those of the other salmon 

species. Compared to all other Paci�c salmon, Chinook salmon are bigger, they reach sexual

maturity at a variety of ages, and they can attain older ages, up to eight years (nowadays, typically

�ve years or less). Chinook salmon are, of course, well known for their relatively large body size.

Historically, Chinook commonly attained weights in excess of �fty pounds and occasionally

exceeded one hundred pounds, though today the average size of Chinook is only 15 lbs. This

characteristic is the result of not just longevity, but also a unique pattern of adult growth. 

Chinook salmon harvested in coastal marine mixed-stock �sheries (hover for de�nition), such as
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those managed pursuant to the Paci�c Salmon Treaty (PST), harvest unknown numbers of immature

Chinook, those that would continue growing if they weren't harvested, in addition to mature

Chinook. Harvest of immature Chinook is likely to select for individuals that mature at young ages;

for example, after one or two years of marine growth instead of three or more years. This alone

(independent of other factors such as competition with hatchery �sh for food or changes in marine

foodwebs due to ocean warming and acidi�cation) may result in both harvested �sh and spawners

becoming younger and smaller. Such outcomes are likely to be particularly damaging to the ability

of depressed wild Chinook populations to recover, as well as the Southern Resident killer whales

that depend on them.

To facilitate the exploration of these kinds of phenomena associated with mixed stock marine

Chinook �sheries, I have been engaged with a software programmer with expertise in the C++

programming language to develop an individual-based eco-genetic model of ocean-type (“fall”)

Chinook. An individual-based model (IBM) tracks the fate of each individual in a population from

mating and egg deposition to survival in the marine environment to ages at which immature sub-

adults and mature adults are harvested in mixed-stock �sheries and the return of surviving adults

to the spawning grounds. By including genetic parameters regulating the ages at which individuals

may mature, an IBM can help to shed light on the extent to which the magnitude of harvest (harvest

rates) and/or the harvest of immatures may select for younger ages at maturity and on the

consequence of such selection for the productivity and resilience of populations affected by such

harvest.

The initial version of the model, including completion of basic testing of the model code, is

expected by the end of August 2020. Several harvest scenarios will then be conducted to evaluate

their effects on the demographic structure and productivity of modeled populations. Subsequent to

testing, the results of several informative harvest scenario simulations conducted with the model

will be submitted for publication in a peer reviewed scienti�c journal. We expect this to occur by

the end of the year. Following validation of the model for ocean-type Chinook a version for stream-

type (“spring”) Chinook will be written and tested.
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Fishery data already suggests that over a century of commercial and recreational harvest in mixed-

stock ocean �sheries is reducing the size, abundance, and resiliency of Chinook populations in the

northwest. The rapid and alarming decline of Southern Resident killer whales for whom large and

abundant Chinook serve as their primary prey, serve as a further indicator. Dr, Gayeski's research

and the information this eco-genetic model will provide is critical to improving our understanding

of the impacts of mixed-stock ocean �sheries on Chinook and will better inform management and

policies that seek to recover both iconic species.

The most e�ective way to support our

research and e�orts to recover wild

Chinook and Southern Resident killer

whales is to become a member of Wild

Fish Conservancy.

Become a Member Today

Time to renew?  If you'd like an update on the status of your membership, please send an email to

emma@wild�shconservancy.org. 

Return to the Wild Fish Runs newsletter to read more articles.
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Emergency measures on both sides of the border required to 

save Southern Resident killer whales  

Wild Fish Conservancy & Raincoast Conservation Foundation
1
 

August 27, 2018 

 

Southern Resident killer whales (SRKW) are listed as endangered under both Canada‟s Species 

At Risk Act (SARA) and the U.S. Endangered Species Act (ESA). Recovery plans have been in 

place in the US and Canada since 2008. Despite the endangered listings and the recovery plans, 

both the U.S. and Canadian governments are failing in their obligations to protect and rebuild 

this population. The failure of both governments to implement threat reduction actions or take 

precautionary measures has resulted in the current critical condition in which there is a higher 

probability that the population faces extinction. This failure has now placed the region in the 

position of having to undertake drastic actions to arrest the decline in population numbers and 

preserve the possibility of recovery. Herein, Wild Fish Conservancy and Raincoast Conservation 

Foundation propose a suite of critical actions to be taken immediately to achieve the goal of 

halting the decline and preserving the possibility for recovery of these iconic whales that are so 

emblematic of the Salish Sea. 

The current critical condition of SRKW. 

The SRKW population is composed of three pods (J, K, and L) that interact socially and 

biologically in specific ways. Absolute population numbers are at critically low levels (75 total 

individual across the three pods. As of June 2018, J pod consisted of 23 members, K pod of 18, 

and L pod of 34 (Center for Whale Research, https://www.whaleresearch.com/orca-population). 

                                                           
1
 Contacts: kurt@wildfishconservancy.org;  misty@raincoast.org 
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These low numbers disguise the critical state of the population due to recent reproductive failures 

(spontaneous abortions, deaths of newborns and calves) and deaths of mature females, which 

significantly increase the probability that further declines in population numbers will occur. In 

addition, the numbers of post-reproductive females (~>50 years of age), a critical feature of killer 

whale demography (Foster et al. 2012) is dangerously low. Only one female (L25 age 90) in any 

of the three pods is older than 50 years of age. Population viability analyses undertaken by 

scientists at the Department of Fisheries and Oceans Canada (Velez-Espino et al. 2014 a, b), and 

independent scientists (Lacey et al. 2017) indicate SRKW had a 25% to 49% risk of functional 

extinction (less than 30 individuals) by the end of the century under habitat conditions that were 

present before 2014.  Velez-Espino et al. (2014a) constructed a two-sex age/stage matrix 

population model of the SRKW population based on demographic rates from 1987 to 2011, 

approximately one SRKW generation. Projecting the population of 88 whales in 2011 forward 

one more generation (i.e., to 2036) assuming status quo environmental conditions present in 

2011, the mean expected population size was 75 with an expected minimum abundance of 15 

during a 100-year period.  However, when they incorporated both environmental and 

demographic stochasticity the probability of falling below 30 individuals was greater than zero at 

10 years, 50% at 47 years and approximately 80% at 100 years.   

SRKW have reached the projected mean of 75 individuals in 25% of the time anticipated had 

conditions remained the same.  As such, the assumption of stable environmental conditions has 

likely been violated and the estimates of extinction risk may significantly under-estimate the rate 

at which the population will decline in the near-term.  

As of August 2018, the population has seen no successful births in three years.  A 2017 study on 

their fecundity found nearly 70% of detected pregnancies between 2008 and 2014 failed due to 

nutritional stress associated with lack of prey (Wasser et al. 2017). Nutritional stress from low 

salmon abundance is exacerbated by noise and disturbance from vessel traffic (including fishing 

vessels, whale watching vessels and larger commercial vessel traffic) that reduces successful 

foraging (Ayers et al. 2012, Williams et al. 2014a,b, Houghton et al. 2015, Holt et al. 2017, 

Tollit et al. 2017, Seeley et al. 2017). 

The drastic reduction in successful births combined with the deaths of mature females (Matkin et 

al. 2017, Wasser et al. 2017, table 1) and the severe shortage of post-reproductive females 

threatens to create a severe disturbance to the age structures of each pod and thus the population 
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as a whole. Disrupted age structure may further destabilize the population, thereby increasing the 

risk of continued decline and extinction. Only immediate drastic actions that are sustained for 

several generations of Chinook salmon have a reasonable probability of succeeding in halting the 

decline of the population and providing it with the breathing room needed to begin the process of 

rebuilding both population numbers and demographic structure.  

Immediate measures required. 

Chinook salmon are preferred prey of SRKW throughout the period from May through 

September (Ford et al. 2005, 2010, Ford et al. 2016) when most of the three pods are in the 

Salish Sea and environs, including the southwest corner of Vancouver Island from Barkley 

Sound to the entrance to the Strait of Juan de Fuca, and north and central Puget Sound. During 

this late spring-to-early fall period, Fraser River Chinook salmon stocks and northern Puget 

Sound Chinook stocks dominated as their principal prey (Hanson et al. 2010). SRKW target 

mature adult Chinook as the fish migrate toward their home rivers in SRKW foraging areas from 

Barkley Sound through the Juan de Fuca Strait, the San Juan and Gulf Islands to the Fraser River 

and northern Puget Sound.  

From fall (October/November) to spring (March and April) when adult Chinook are present in 

the Salish Sea in very reduced numbers, SRKW appear to forage primarily along the coast from 

the west side of Vancouver Island to northern California, and particularly in the vicinity of the 

mouth of the Columbia River (Hanson et al. 2013, DFO 2017). SRKWs can be present in Puget 

Sound and Georgia Strait in the fall while feeding on chum and coho salmon and also enter the 

Salish Sea over the winter. During the late winter and March in particular, Columbia River 

spring Chinook salmon are thought to be their primary prey (Hanson et al. 2013).  

Fishing management actions are required to make mature Chinook salmon on their return 

migration to the Salish Sea in late-spring through early fall, and spring Chinook along coastal 

areas during late winter and spring (March – May) accessible to foraging SRKW. In addition to 

increasing abundance of mature Chinook within critical habitat, identified SRKW foraging 

refuge areas
2
 need to be free from small vessel traffic and undergo dramatic reductions in overall 

vessel (including shipping) noise. Vessel noise and disturbance near whales can disrupt foraging 

and socializing activities and interfere with effective echolocation and inter-whale 

                                                           
2 See description on page 4 
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communication that is critical to normal, stress-free foraging and socializing (Williams et al. 

2014a, b, Houghton et al. 2015, Holt et al. 2017, Tollit et al. 2017). The following actions are 

required during the late-spring-early fall period in the Salish Sea and surrounding environs:  

 Designation of SRKW feeding refuges within existing and proposed critical habitat 

designated under Canada‟s Species At Risk Act (SARA) and the US Endangered Species 

Act (ESA) that assure whales the ability to successfully forage in key feeding habitats 

without noise, interference, and disturbance from vessel traffic, combined with 

 Measures to increase the abundance of Chinook salmon in refuge areas and critical 

habitat to assure that SRKW have the highest priority for accessing these fish. 

 

Securing SRKW access to more mature Chinook salmon. 

Canadian scientists have identified key feeding refuges in designated critical habitat under 

SARA and in additional areas recently identified as candidate critical habitat. These refuges 

should be in effect from May through October and include the following areas: 

 The coastline of Southwest Vancouver Island from Barkley Sound to the mouth of the 

Strait of Juan de Fuca west to the continental shelf break at the 200 m isobaths, including 

Swiftsure Bank.  

 The coastline of Southwest Vancouver Island through the Juan de Fuca Strait east to 

Sooke Inlet. 

  Haro Strait and the southwest side of San Juan Island and Stewart Island to Turn Point,  

 Boundary Pass to Plumper Sound and Active Pass and to East Point in the Gulf Islands,  

 critical habitat in the approaches to the Fraser River.  

These areas have been described by the Salmon Committee of the Pacific Marine 

Conservation Caucus (Southern Resident Killer Whale Recovery: Recommendations for 

2018 Chinook and Vessel Management, January 2018, attached) and largely identified by 

DFO in their SRKW discussion paper of February 2018. Additional refuge areas in US 

critical habitat areas must also be identified, particularly in northern Puget Sound, where 

returning adult fall Chinook migrate on their approach to the Nooksack, Skagit, and 

Snohomish rivers. 
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In order to increase abundance of mature Chinook for SRKW in critical habitat and designated 

feeding refuges, and to support the rebuilding of Chinook throughout this region, commercial 

and recreational fishing in mixed stock fisheries along the Washington and Oregon Coasts, the 

West Coast of Vancouver Island, Northern BC and Southeast Alaska must be drastically reduced 

if not completely eliminated. Between 1.5 and 2 million Chinook salmon are caught annually in 

Canadian and the US fisheries under the Pacific Salmon Treaty.  In 2016, 1.5 million Chinook 

were caught, the majority of which were headed to rivers in Southern BC, the West coast of 

Vancouver Island and the Pacific Northwest, including Puget Sound. These rivers of origin are 

within the range and habitat of Southern Resident killer whales. It is also noteworthy that 

incidental mortalities (unlanded “catch”) total more than 10% of the total fishing-related 

mortality bringing the total mortality (landed catch plus estimated incidental, unlanded mortality) 

to 1.7 million in 2016 and over 1.5 million in 2017.  Catch and release studies suggest this may 

be an underestimate of incidental mortality. 

Table 1. 2016 and 2017 Chinook catch and total mortality in ISBM and AABM fisheries.  

AABM fisheries are co-migrating southern populations headed to rivers primarily in BC and 

Pacific Northwest. Source: CTC 2017, 2018 
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It is necessary to eliminate fishing mortality on immature Chinook that are feeding in areas 

targeted by these and other mixed stock fisheries. Chinook mature at multiple ages, ranging from 

age 2 to age 8. Mixed stock fisheries capture or incidentally kill Chinook that would otherwise 

mature and return to terminal and near-terminal feeding refuge areas in the following one to four 

years if they were not caught in the mixed stock fisheries (Riddell et al. 2013, p. 11). Reducing 

or eliminating these fishery impacts by moving fisheries away from coastal Chinook nursery 

areas into or near Chinook rivers-of-origin, and removing fishing during all times outside of 

spawning migrations would result in more Chinook returning as older fish, with the larger body 

sizes favored by foraging SRKW, and would increase the numbers of larger, older, and more 

fecund female Chinook that spawn more successfully than younger, smaller females (Healey & 

Heard 1984, Healey 1991).  

A particular concern exists for Fraser spring and summer stream-type Chinook populations. 

These populations are substantially depressed relative to their levels of abundance in the 1980s 

and 1990s, and are a particularly important component of SRKW diet in the late spring and early 

summer (May – July). Fisheries are still allowed on these populations despite the fact that they 

are failing to meet population rebuilding goals (Riddell et al. 2013). These fisheries should be 

closed. 

Based on recent bioenergetics modeling of field metabolic rates of SRKW (Noren 2009) and the 

age composition of the current population, the total SRKW population of 75 needs to consume 
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14,750,000 kilocalories (kcal) per day just to maintain mean body condition. Assuming a 

conservative, precautionary average weight of Chinook salmon of 12 pounds and the average 

energy density of Chinook (10,000 kcal for a 12 to 13 pound Chinook), the SRKW population 

needs to consume 1480 average-size Chinook per day. Taking the probable foraging efficiency 

of free-ranging killer whales into account, SRKW likely require three times as many Chinook to 

be available as potential prey as the number the whales actually manage to capture and consume. 

Consequently, a precautionary target for the total number of Chinook available for the SRKW 

population to forage on per day would be approximately 4500. Over the roughly 100 day period 

from the end of May to Labor Day, a total of 450,000 Chinook need to be available (not 

considering higher Chinook abundance needed for a rebuilding SRKW population). This is 

clearly unlikely to occur given current levels of coastal mixed stock Chinook salmon fisheries 

under the PST. Reductions, if not complete termination, of these AABM and marine ISBM 

fisheries could provide additional Chinook in Salish Sea critical habitat and refuge areas.  

 

Closing fisheries will increase marine and terminal abundance of Chinook populations 

Within two generations of Chinook salmon (8-10 years), the reduction (if not elimination) of 

mixed stock fisheries that encounter and kill mature and immature Chinook can be expected to 

begin rebuilding an older age structure to many Chinook populations that are critical to SRKW. 

Reduction/elimination will provide more and larger Chinook not only to SRKW but also to 

terminal areas and to spawning populations of depressed wild Salish Sea Chinook populations.  

Reduction/elimination of coastal mixed stock sport and troll Chinook fisheries, particularly along 

the west coast of Vancouver Island (WCVI), Northern BC and the Southeast Alaska (SEAK) will 

not only facilitate the return of more mature Chinook to the Salish Sea, but will also increase the 

abundance of fall Chinook stocks returning to the Washington and Oregon Coasts and to the 

lower and middle Columbia River (particularly Lewis, Deschutes, and Hanford Reach 

populations) on which SRKW forage during late summer and fall (Veles-Espino et al. 2014b, 

Hanson et al. 2013).  

Drastic reduction or elimination of marine mixed-stock fisheries is not a no fishing scenario. 

Terminal and in-river fisheries whose harvests are managed for ecosystem benefits (i.e. to 

maximize spawning recruitment in a stock recruitment relationship) can provide fisheries 
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benefits to harvesters.  However, such fisheries are designed to occur after whales have had 

access and after component stocks have diverged to their rivers of origin. 

 

Securing disturbance-free foraging refuge areas. 

Whales pursuing Chinook within their critical habitat during the spring to fall have a high 

likelihood of being in the presence of vessel traffic. Vessel disturbance has been identified by 

both DFO and NMFS, as well as by independent scientists (Lusseau et al. 2009, Holt et al. 2009, 

2011, Ayres et al. 2012, Williams et al. 2014b, Houghton et al. 2015, Holt et al. 2017, Tollit et 

al. 2017) as a factor that reduces the quality of SRKW critical habitat by increasing the costs of 

foraging and adding to stress, independently of its adverse effects on foraging. The close 

proximity of fishing and whale watching vessels that interfere with foraging patterns cause 

whales to extend the time spent chasing prey.  

Over the last two decades, 14 to 28 boats routinely followed SRKW in the summer months, with 

peak numbers exceeding 70 boats (see Ashe et al. 2010, Soundwatch 2016, Seeley et al. 2017).  

The presence of these vessels can invoke significant reductions in foraging activity and limit 

food acquisition (Lusseau et al. 2009, Noren et al. 2009, Williams et al. 2014, Lacy et al. 2017, 

Holt et al. 2017). Vessel traffic and noise is also known to increase the duration and amplitude of 

SRKW calls (Foote et al. 2004; Holt et al. 2009; 2011) and is likely to adversely affect SRKW 

by masking and altering vital communication calls and inducing chronic stress.   

In order to make foraging refuge areas optimally effective, disruptions from fishing and whale 

watching vessels must be eliminated from SRKW foraging refuges from spring to fall. The 

necessity of this action is supported by the results of the recent population viability analysis of 

Lacey et al. (2017) who showed that in the absence of controls on vessel noise and disturbance a 

30% increase in the coast-wide abundance of Chinook would be required to increase the 

population growth rate of SRKW from its present negative rate to as much as 1.9%. If coupled 

with a 50% reduction in vessel noise and disturbance, the US recovery target growth rate of 2.3% 

could be achieved by a 15% increase in the coast-wide abundance of Chinook. (NOTE: Much, if 

not all of that 15% increase could also be achieved in the near term by the reduction/elimination 

of coastal mixed-stock Chinook fisheries as discussed above!) 
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Increased hatchery Chinook production will not help SRKW. 

In Washington State, fishery co-managers, several state legislators and sports fishing advocacy 

organizations have recently advocated for increased production of hatchery Chinook to “save” 

SRKW. While seemingly logical at first blush, such an idea lacks technical merit. It is not a 

biologically or ecologically credible action. There are several reasons that a hatchery solution 

would fail to recover SRKW. Perhaps more concerning, pursuing this could undermine recovery 

efforts for wild Chinook and the needed rebuilding of runs throughout their historic range, 

Chinook age structure and Chinook run-timing that SRKW evolved with. We discuss this in 

more detail in the ensuing text. Five general reasons for concern are: 

1. If the coastal abundance index for migrating Chinook increased due to hatcheries, the 

catch of migrating Chinook in AABM fisheries of SE Alaska, Northern BC and WCVI 

would automatically increase according to that level of abundance. Unless fisheries 

management under the Pacific Salmon Treaty are addressed, little of the increased 

production from hatcheries would be reflected in the Salish Sea. 

2. It is likely that ocean productivity is a limiting factor for Chinook.  Releasing more 

Chinook could just as easily result in smaller Chinook and fewer wild Chinook. 

3. Hatchery Chinook are largely late-timing ocean-types.  Some of the most endangered 

Chinook populations, and potentially some of the most important runs for SRKW, are 

early-timed stream-types. 

4. Increased abundance of hatchery Chinook are likely to come at a cost to wild Chinook. 

5. For SRKW to recover, the age structure and run timing of wild Chinook runs, along with 

abundance, needs to be restored.  This is not the objective of production hatcheries. 

 

Hatchery impacts to wild Chinook runs 

Increased production of hatchery Chinook in Puget Sound and elsewhere in the state (or in 

British Columbia, see Riddell et al. 2013) would have two results harmful to the recovery of 

wild, ESA-listed Chinook that would likely undermine recovery of SRKW.  

First, because fisheries do not harvest all hatchery Chinook produced and killer whales are not 

selectively foraging for them, it would increase the numbers of uncaught hatchery Chinook that 
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stray onto the spawning grounds of wild fish. This would drive down the fitness (productivity) of 

wild populations further delaying or even preventing Chinook recovery. Even at current levels of 

hatchery production, the proportion of hatchery origin Chinook on wild salmon spawning 

grounds (proportion of hatchery origin spawners, or pHOS) in most Washington rivers exceeds 

“biologically acceptable” levels recommended by the independent Hatchery Scientific Review 

Group (HSRG 2009, 2015, WDFW Score/Chinook). In short, increasing Chinook hatchery 

production above current levels would simply result in further increases in pHOS levels, thereby 

imposing further harm to the productivity of wild Chinook populations.  

Second, increased abundance of hatchery (or wild) Chinook would automatically trigger higher 

catches in the AABM fisheries under the Pacific Salmon Treaty. It would also result in increased 

pressure from sports and commercial fishers (tribal and non-tribal) for increased fishing 

opportunities in ISBM fisheries. In addition to higher catches, it would also increase boat traffic 

and associated noise and activity levels already known to be harmful to SRKW, as well as 

increasing incidental harvest mortality on depressed wild Chinook stocks.  

Closing mixed-stock Chinook fisheries 

In order that any such increase in production of hatchery Chinook not have these adverse effects, 

the configuration of mixed stock commercial and sports fisheries would have to be addressed in 

the manner described previously. Consequently, any consideration to increase the production of 

hatchery Chinook in order to help SRKW survival and recovery is dependent first on 

reconfiguring fisheries as described (i.e. reducing or eliminating coastal mixed-stock Chinook 

fisheries) and providing the necessary SRKW foraging refuges. Unless and until this is done, 

there should be no increase (and probably some reductions) in the numbers of hatchery Chinook 

produced in these areas.  

The rush to focus on a conjectural quick fix in the form of increased Chinook hatchery 

production is symptomatic of the failure of current management to address past mismanagement 

of Chinook populations coast-wide and the hope that an industrial-technological solution will 

somehow solve a complex ecological problem. We believe that such an approach is bound to fail 

and simply repeats the current “placeless” management of salmon that fails to recognize that 

their great diversity and abundance is rooted in their strong attachment to place: i.e. the rivers of 
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their origin (Gayeski et al. 2018). SRKW are an integral component of the Salish Sea ecosystem 

and any solution to their Chinook crisis should also be place-based.  

Mass-produced hatchery salmon are placeless. Reliance on this failed industrial tool to address 

the complex ecological issues facing SRKW and wild Chinook is destined to fail both of them. 

Fisheries managers responsible for Chinook salmon and SRKW have ignored the significant 

harvest issues that are responsible for a large part of the decline and failure for Chinook to 

rebuild (Gayeski et al. 2018). The current crisis for SRKW is the alarm bell ringing to tell us that 

it is long past time to pay the piper for fisheries management decisions rooted in business 

interests.  

 

Measures for the longer-term 

Columbia River spring Chinook are likely an important prey item in late winter and early spring 

when SRKW are more present along the coast. Fisheries targeting and otherwise affecting these 

runs, and other populations down the Pacific Coast as far as Monterey Bay, will likely need to be 

reconfigured in similar ways to those conducted on migrations routes between Alaska and the 

Salish Sea. 

Removal of the Snake River dams would likely provide significant help to SRKW in the longer-

term and we certainly support efforts to remove them. But this is not going to happen quickly. 

Even if removals were to be scheduled and funded, they would not begin in the next five years, 

as federal funding for the removals would have to be secured and an Environmental Impact 

Statement (EIS) or (optimistically) an Environmental Assessment (EA) produced and a public 

comment period provided. Even after dam removal was completed, benefits to the recruitment of 

affected Snake River Chinook populations would not likely accrue to foraging SRKW for one or 

more Chinook generations thereafter (i.e. another 4-5 years at minimum).  Further, Snake River 

summer (stream-type) and fall (ocean-type) Chinook do not forage or rear inside the Strait of 

Juan de Fuca, and thus would not be available to SRKW inside the Salish Sea in late spring and 

summer, though they may provide some summer forage on the southwest side of Vancouver 

Island in identified feeding refuges and proposed critical habitat. They would contribute 

significantly to fall to early spring foraging along coastal areas. SRKW do not have this long to 

Case 2:20-cv-00417-RAJ-MLP   Document 91-6   Filed 05/05/21   Page 35 of 125

2-SER-478

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 178 of 300
(482 of 992)



 

12 
 

wait for these probable benefits. While dam removal is likely a critical component to SRKW 

(and Chinook) recovery, it alone is insufficient.   

Remove the burden of proof placed on the SRKW. 

Until now, SRKW and many of their conservation advocates have been made to bear the burden 

of proof when proposing conservation measures to benefit SRKW at the expense of more well-

heeled stakeholders. It is time the burden was shifted onto those interests and stakeholders whose 

practices and actions ostensibly threaten or contribute to the decline of SRKW. Under such a 

shift of the burden of proof, precautionary actions with reasonable probabilities of benefiting 

SRKW - such as harvest reduction and reconfiguration, would be adopted. The burden would 

then fall on those interests that argue that such precautionary actions are too severe to acquire the 

data and independent analyses that demonstrate that such actions are either not needed or are 

ineffective. 

Immediate actions that reduce commercial and recreational fishing and vessel noise from fishing 

and whale watching activities in the Salish Sea are required now. In addition, fisheries must be 

managed to prioritize the returns of mature Chinook to all identified SRKW foraging refuge 

areas described above and to additional areas that may be recognized as a result of future 

research and monitoring. Absent the actions we advocate, we expect the state of SRKW to get 

worse, not better, and thus continue the declining trend in the coming few decades, if not sooner. 
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Summary points 

• The marine waters of the North East Pacific that provide critical habitat to SRKWs are 

undergoing rapid changes to their structure (ex. stratification, trophic composition), 

function (ex. role of carbonate ions) and processes (ex. pH buffering, nutrient cycling, 

primary production), that the whales have not evolved with, but must recover within. 

• These changes include shifts in the population demographics and structure of Chinook 

salmon, including run timing, genetic diversity, abundance, maturation rates, size at age, 

age at return, and fecundity.  

• These changes are largely driven by fisheries that select for larger salmon and catch 

immature Chinook, but also include climate change, excessive hatchery production and 

potential size selective predation by other resident killer whales.  

• Southern Resident killer whales selectively forage on large, older Chinook salmon 

estimated to represent less than 15% of the Chinook abundance within the Salish Sea. 

• Hatcheries, and corresponding Mark Selective Fisheries, have direct and indirect 

interactions with wild Chinook that undermine their fitness, population structure, 

abundance and conservation. They are produced to subsidize commercial and sport 

fisheries from Alaska to California and have failed to recover wild Chinook populations. 

• Closing marine mixed stock Chinook fisheries and moving fisheries to terminal areas 

would increase abundance of mature Chinook within SRKW foraging grounds.  

• Significant reductions in Chinook hatchery production must be implemented to rebuild 

Chinook population structure and SRKW food supply.  

• Vessel management measures in US SRKW critical habitat should be harmonized with 

Canada’s 2019 measures to reduce vessel disturbance and improve salmon accessibility. 

• These steps offer the best, and perhaps only, chance to restore reproductive potential and 

improve survival for endangered SRKWs. 
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Recovery plans for endangered Southern Resident killer whales have been in place in the US and 

Canada since 2008. Despite the listings and recovery plans, these whales have failed to show any 

signs of population stabilization, a reversal in their declining trend, or recovery. The most recent 

Population Viability Analysis (PVA) completed by Canada’s Department of Fisheries and 

Oceans (DFO, Clark-Murray et al. 2019) in August 2019 shows ongoing population decline with 

a 26% probability of quasi-extinction (one sex) within 75-97 years (SAR: https://www.dfo-

mpo.gc.ca/csas-sccs/Publications/SAR-AS/2019/2019_030-eng.html; Clarke-Murray et al. 

2019). 

 

DFO’s PVA examined the known primary threats (abundance of primary prey, Chinook salmon, 

vessel noise and disturbance, and contaminants) from an individual and cumulative threat 

perspective. When considered individually, the modeled effects of individual threats did not 

replicate the observed population trend in SRKWs over the period 2000-2017. When the threats 

were considered together (Chinook salmon abundance, vessel noise/physical disturbance, vessel 

strike and PCB contamination), the output of the PVA model closely replicated the observed 

population trends for Southern (and Northern) Resident killer whale populations. The authors 

conclude that Chinook salmon abundance and its interactions with vessel noise and PCBs 

strongly influenced modelled killer whale population dynamics.  Importantly, this PVA follows 

previous DFO (Velez-Espino et al. 2014 a, b) and independent (Lacy et al. 2017) viability 

analyses that show declining trajectories with a 25% to 49% risk of functional extinction (less 

than 30 individuals) by the end of the century depending on the threats considered.   

 

Despite minor efforts to reduce threats and implement precautionary measures for SRKWs, these 

actions have not improved declining trends nor have they improved estimated extinction 

probabilities. This failure has placed the region in the position of having to undertake drastic 

actions to arrest the decline in Southern Resident population numbers and preserve reproductive 

potential. Past reductions in Chinook salmon fisheries, including those in the recently renewed 

Pacific Salmon Treaty, have at best simply followed declining stocks down, rather than making 

significant precautionary reductions and/or implement closures that would get ahead of 

population declines and facilitate genuine rebuilding. Herein, we propose actions to be taken 

immediately to halt the decline and preserve the possibility of recovery of these iconic whales. 
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Despite high profile attention and proclamations for bold recovery actions by governments in the 

past few years, the SRKW population has only declined. Absolute population numbers are at 

critically low levels (73 individuals across the three pods with J pod consisting of 22 members, K 

pod of 17, and L pod of 34; CWR https://www.whaleresearch.com/orca-population). Extensive 

analysis has been presented to US authorities on the Task Force and to NOAA, describing the 

population’s precarious biological condition. There should be no disputing the demographic 

information that show a dramatic reduction in successful births, declining matriarch and breeding 

females, skewed sex ratios, in-breeding concerns, disrupted age structure, and destabilized 

population structure that likely has social, as well as biological, implications. The issue at hand is 

not whether urgent action is warranted, but the adequacy of the measures needed to reverse this 

dangerous decline and stabilize the population so as to preserve the possibility of recovery 

(population rebuilding). 

 

A rapidly changing ocean 

Underpinning the historical presence, distribution, and resilience of Resident killer whales are 

evolutionary ecological processes that support ecosystem function and services.  As these 

processes are disrupted or destroyed, the complex ecological webs that underlie the diversity, 

abundance, and productivity of Chinook salmon and SRKW (among many other components of 

Pacific Northwest marine and freshwater ecosystems) unravel. Mixed-stock coastal marine 

salmon fisheries and large-scale salmon hatchery production are contributing causes of this 

unraveling. 

 

The diet, biological and cultural traits of Southern Residents have evolved over 250 thousand 

years into an ecotype that is highly specialized on the geographic distribution, run timing, and 

size and abundance of Chinook salmon, as well as other seasonally abundant species of the larger 

Pacific salmon. They also evolved with an acoustic environment that supported their use of 

sound to meet social and biological life requisites.  

 

The quality of the marine environment (warming, acidification, oxygen loss, nutrient cycling and 

primary production) along with the spatial, temporal and biological structure of Chinook 

populations that SRKWs rely on, has changed significantly within the last century, especially so 

in the last 30-40 years.  
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Today, the rates, scales, kinds, and combinations of regional and global ecosystem change differ 

from those at any other time in history. For example, heatwaves from El Nino, the blob, and 

steady warming in the North Pacific Ocean increases salmon metabolism, food consumption and 

stress. More importantly, warming temperatures change zooplankton composition and 

distribution (changing food quality), increase vertebrate and invertebrate predators, drive algae 

blooms, change historic hydrologic patterns, increase ocean stratification, weaken upwelling 

processes, and change the base of the salmon food web.  

 

Surface waters are not just warmer, they are more acidic. With higher acidity, sound wave 

absorption is lowered, making ocean noise louder.  More CO2 uptake has consequences for 

zooplankton at the base of the food web that use carbonate minerals for shells and skeletons. 

Models predict that large parts of the Arctic will start to cross a carbonate under-saturation 

threshold in a decade, with forecasts that most Arctic waters will lack adequate aragonite for 

shell-building organisms by the 2080s (AMAP 2018). 

 

Other ecosystem changes come from disease, invasive species, contaminants, competition, and a 

multitude of altered freshwater conditions. Sudden leaps in aberrant ecosystem behaviour are also 

being observed, with changes often occurring faster than we can understand them. Coupled with 

this is still a fundamental lack of understanding of the functions and processes that underpin natural 

systems. This understanding is often a prerequisite to link species decline with threat reduction 

and conservation action. Its absence allows resource managers to stay the course of conventional 

management and abdicate demonstrating burden of proof of ecosystem harm.  

 

The take home message from this is that both killer whales and Chinook salmon must now 

recover in an environment that is vastly different from the one in which they evolved. Their 

ability to recover is unlikely unless significant measures are taken to stop threats and encourage, 

rather than undermine, their resilience. 

 

Recommendations 

1. NOAA must reform Chinook harvest in AABM and ISBM fisheries 

SRKWs evolved with the spatial and temporal run timing of Chinook salmon that matured 

between four and eight years of age (and an increasing percentage of females with age). These 
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salmon returned across the months and seasons to select rivers within the range of SRKW.  

SRKW are highly selective on mature large (70cm+), old (4 yrs +), and increasingly rare 

Chinook salmon (for example, 4 and 5 yr old Chinook made up less the 15% of the abundance 

estimate for 2-5 year old Chinook in the 2018 FRAM pre-season abundance model, Chinook 

older than this are so rare they are not even factored into models).  Unless the historic population 

structure and run timing of Chinook is restored, SRKWs cannot recover. 

Chinook salmon abundance trends show synchronous declines throughout BC, the 

Transboundary rivers, the Yukon, and Southeast Alaska, with declines in Chinook survival 

reported from Oregon to Alaska (Grant et al. 2019). Declining Chinook abundance is 

exacerbated by decreases in Chinook size at age, age at return, age at maturity, and reproductive 

potential, including reductions in egg size and the numbers of eggs per female, especially among 

age 4 (ocean age 3) and older females, largely due to the reduction in size-at-age (Grant et al. 

2019, Ohlberger et al. 2018, 2019). These changes in population structure are perpetuated by 

Chinook fisheries that target the largest, oldest salmon, and coastal mixed-stock Chinook 

fisheries that encounter immature Chinook (Riddell et al. 2013).  They are also perpetuated by 

competition when food supply is limited, competition that is exacerbated by releases of large 

numbers of hatchery Chinook. 

 

As spawning Chinook return younger and smaller, this affects their spawning success.  Large 

female Chinook have the size and strength to bury their fertilized eggs in course gravel and 

cobble below the typical scour force of the river. In this way, few are crushed or washed away 

under typical conditions. As female Chinook decline in size, so does their ability to build 

adequate redds (nests), leading to lower survival in the fewer, smaller eggs that are deposited. In 

addition, high quality spawning habitats that can only be utilized by larger Chinook go unused, 

further depressing population productivity, abundance, and diversity and distorting assessment of 

the effects of habitat preservation and recovery efforts. 

 

Benefits from a coast-wide marine recreational and commercial Chinook closure 

 

Within two generations of Chinook salmon (8-10 years), the elimination of mixed stock fisheries 

that encounter and kill mature and immature Chinook can be expected to begin rebuilding an 

older age structure to many Chinook populations that are critical to SRKW, providing more and 

larger Chinook to these whales.  Estimates in Hilborn et al. (2012) show that the probable effects 
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of full marine fishery closures (US and Canada) would increase total abundance (numbers) of 

mature age 4 and 5 yr old Chinook to the Salish Sea by about 20% for all stocks combined 

(Puget Sound, Fraser early, Fraser late, and Lower Georgia Strait). Increases in terminal 

abundance of this magnitude were shown by Lacy et al. (2017) to stop the declining trend of 

SRKWs. When combined with vessel management actions to reduce noise and disturbance, such 

increases in abundance could bring about positive growth rates.  

 

Elimination of marine mixed-stock fisheries is not a no fishing scenario. Terminal and in-river 

fisheries employing selective fishing gears and methods whose harvests are managed for 

ecosystem benefits (i.e. by setting egg deposition and adult spawner escapement targets that 

maximize smolt production (Forseth et al. 2013, Gayeski et al. 2018) can provide salmon to First 

Nation and Tribal needs. Such fisheries are designed to occur after whales have had access and 

after component stocks that are currently encountered in mixed stock fishery areas have diverged 

to their rivers of origin.  Fisheries targeting and otherwise affecting populations down the Pacific 

Coast as far as Monterey Bay, will likely need to be reconfigured in similar ways to those 

conducted on migrations routes between Alaska and the Salish Sea. 

 

Remove the burden of proof placed on the SRKW 

 

Until now, advocates for SRKW recovery have been made to bear the burden of proof when 

proposing conservation measures at the expense of other stakeholders. This must change. The 

burden of Chinook harvest reductions that may be undertaken to attempt to halt the decline of the 

SRKW DPS must fall on fisheries. The April 2019 NMFS Biological Opinion concerning the 

Consultation on the Delegation of Management Authority for Specified Salmon Fisheries to the 

State of Alaska makes it clear that NMFS considers Treaty Chinook fisheries as configured 

pursuant to the 2019 Pacific Salmon Treaty to jeopardize ESA-listed Puget Sound Chinook and 

SRKW1. NMFS’s finding that there is a need to further mitigate the effects of Chinook harvest 

                                                
1 The 2019 BiOP admittedly does not explicitly use the term ‘jeopardy’. The exact language is “… the status of 
Puget Sound Chinook salmon and SRKWs have declined in recent years. A key objective of the U.S. Section during 
the negotiating process for a new Agreement was therefore to achieve harvest reductions to help address ongoing 
conservation concerns for Puget Sound Chinook and coincidentally provide benefits for SRKWs”, and continues 
“Further reductions [in Chinook harvest in PST fisheries] are proposed in conjunction with the 2019 Agreement, 
but there was a practical limit to what could be achieved through the bilateral negotiation process. As a 
consequence, and in addition to the southeast Alaska, Canadian, and SUS fishery measures identified in the 2019 
PST Agreement, the U.S. Section generally recognized that more would be required to mitigate the effects of 
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beyond what is provided for in the Treaty is tacit admission that, absent the proposed mitigation 

measures, NMFS would have had to conclude jeopardy. Regardless of the proposed mitigation 

measures (which are conjectural and dependent on uncertain future funding), the Biological 

Opinion makes it clear that Chinook harvest poses jeopardy to SRKW, and since Treaty harvest 

measures have therein been given ESA take coverage, the burden for further necessary 

modifications in US coastal Chinook fisheries falls on the Council fisheries. 

 

2. Significantly reduce, not increase, Chinook hatchery production  

Hatchery Chinook salmon are produced to subsidize commercial and sport fisheries from Alaska 

to California. The production of Chinook from Washington, Oregon and California hatcheries 

has failed to recover Chinook salmon, contributed to overfishing of wild, threatened and 

endangered populations, contributed to the changes in population structure and run timing, and 

likely exacerbated competition with wild Chinook in a food limited environment of the North 

Pacific. Further, the public funds spent on these hatchery programs and facilities takes scarce 

funding away from wild population monitoring and recovery actions. Continuing to pursue a 

hatchery strategy will not change this situation.  It is likely to undermine recovery efforts for 

wild Chinook and the needed rebuilding of their age structure, their run-timing, their diversity, 

their productivity and their abundance.  Restoring these attributes is not the objective of 

production hatcheries.  There is also concern that increased hatchery production from Puget 

Sound will come at a cost to natural production in the Fraser River. 

 

Further, hatchery Chinook are largely late-timing ocean-types. Some of the most endangered 

Chinook populations, and potentially some of the most important runs for SRKW, are early-

timed stream-types and the few remaining winter runs. 

 

At current levels of hatchery production, the proportion of hatchery origin Chinook on wild 

salmon spawning grounds (pHOS: proportion of hatchery origin spawners) in most Washington 

rivers exceeds “biologically acceptable” levels recommended by the independent Hatchery 

Scientific Review Group (HSRG 2009, 2015, WDFW Score/Chinook). This is especially true of 

most Puget Sound Chinook populations.   

 

                                                
harvest and other limiting factors that contributed to the reduced status of Puget Sound Chinook salmon and 
SRKWs” (pp. 9-10). 
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The rush to focus on a conjectural quick fix in the form of increased Chinook hatchery 

production is symptomatic of the failure of current management to address past mismanagement 

of Chinook populations coast-wide and the hope that an industrial-technological solution will 

somehow solve a complex ecological problem. Reliance on this failed industrial tool to address 

the complex ecological issues facing SRKW and wild Chinook is destined to fail both of them. 

Such an approach simply repeats the current “placeless” management of salmon that fails to 

recognize that their great diversity and abundance is rooted in their strong attachment to place: 

i.e. the rivers of their origin (Gayeski et al. 2018). SRKW are an integral component of the 

Salish Sea ecosystem and any solution to the Chinook crisis affecting them should also be place-

based.  

 

Fisheries managers responsible for Chinook salmon and SRKW have ignored the significant 

harvest issues, perpetuated by hatcheries, that are responsible for a large part of the decline and 

failure for Chinook to rebuild (Gayeski et al. 2018).  

 

3. The role of Pinnipeds  

 

Canadian studies examining the consumption of Chinook by seals and sea lions since pinnipeds 

numbers have recovered to near historical levels in the last 20+ years, indicate that Chinook 

salmon represent a small percentage of pinniped diet (less than 10% with a mean across all 

pinnipeds of 0 - 4.4%; DFO 2019). Juvenile, immature and mature salmon have many predators 

beyond pinnipeds including Humboldt squid, great blue herons and other piscivorous birds, 

harbour porpoise, Pacific white-sided dolphins, Pacific hake, river lamprey, salmon sharks, 

sturgeon, tuna, northern fur seals, and other Resident killer whales. Relationships that assume 

single lines between the abundance of prey and a specific predator oversimplify complex marine 

food webs. A proper appreciation of these food web dynamics and the extent of additive versus 

compensatory mortality that exists between pinnipeds and their salmon prey make it extremely 

difficult to predict how the system will react to removal of a predator. 

 

There are also a host of other factors that affect the rate at which salmon are preyed upon. A 

2019 workshop (Trites and Rosen ed.) identified the extent of kelp forests, habitat complexity, 

water temperature, stream water height and flow, man-made obstructions to fish passage (bridge, 

dam, etc.), proximity to pinniped haul outs, alternative prey availability, fishing efforts, and 
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hatchery fish as some of many factors that may be affecting predation. As such, beliefs that a 

pinniped cull would aid Chinook survival are not supported by available science. 

 

 

4. Harmonize U.S. vessel management measures with Canadian measures 

In the spring of 2019, Transport Canada issued an Interim Order prohibiting vessels from 

approaching any killer whale within 400 metres while in Canadian SRKW critical habitat. 

Transport Canada also entered into an agreement with identified members of the Pacific Whale 

Watch Association (PWWA) to avoid and not follow SRKWs.2 The Transport Canada agreement 

also enabled listed members of the PWWA to approach Transient/Biggs killer whales to 200 m. 

Preliminary reports of 2019 vessel compliance with the Order for SRKWs in Canadian waters 

indicate a good level of compliance and low number of commercial and private whale watch 

vessel interactions with SRKWs.   

 

5. Restore access to historical Chinook habitat.  

The rebuilding of wild runs in naturally flowing rivers throughout the historic geographical range 

of Chinook salmon is a necessary long term goal to give wild salmon the best possibility to 

recover their population structure, run timing, diversity and abundance. As such, the removal of 

the Snake River and other dams should be considered part of the long term recovery strategy. 

Benefits to the recruitment of affected Chinook populations and foraging SRKW would begin to 

accrue one or more Chinook generations (4+ years) after dam removal. These fish would be 

available for foraging from southwest Vancouver Island to California and within critical habitat 

in the Salish Sea.  

 

Conclusion 

U.S. government authorities have generally denied the risks of hatchery production to the 

preservation and recovery of wild Chinook salmon and excluded meaningful discussion of 

fisheries management issues that perpetuate the decline of wild Chinook salmon. This is a failure 

to openly and fully consider all factors leading to the current dire condition of the Southern 

Resident Killer Whale population. There is no credible scientific justification for this. Reductions 

                                                
2 See Appendix I “Sustainable Whale Watching Agreement to support the Recovery of Southern Resident Killer 
Whales”  
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of Chinook harvest are, with high probability, the most likely tangible action that can provide  

SRKWs with immediate relief from the major stresses that have been threatening the population 

with extinction for the past decade or more.  

 

Closing mixed-stock marine commercial and recreational fishing, and significantly reducing 

hatchery production are required now. Closing such fisheries will ensure they are managed to 

prioritize the returns of mature Chinook to SRKW foraging refuge areas. The longer this kind of 

action is postponed, the lower the likelihood that the decline of SRKW can be halted, much less 

reversed, and the more drastic harvest reductions and other remedial actions will have to be in 

order to have any chance of success. Absent the actions we advocate, we expect the state of 

SRKW to get worse, not better, and thus continue the declining trend in the coming few decades, 

if not sooner. 

 

Contacts for this submission are: 

 

Misty MacDuffee 
Wild Salmon Program Director 
Raincoast Conservation Foundation 
 
 
Nick Gayeski 
Aquatic Ecologist 
Wild Fish Conservancy 
 
 
Christianne Wilhelmson  
Executive Director  
Georgia Strait Alliance 
 
 
Michael Jasny 
Director, Marine Mammal Protection Project 
Natural Resources Defense Council 
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Appendix I 
 

 
 

SUSTAINABLE WHALE WATCHING AGREEMENT TO SUPPORT 
THE RECOVERY OF THE SOUTHERN RESIDENT KILLER WHALE 

 
  

 
 
Between: 
 

The Minister of Transport, responsible for the Department of Transport (TC) 
(Hereinafter referred to as the Minister) 

And 
 

The Membership of the Pacific Whale Watch Association, as represented by their 
Board of Directors 

(Hereinafter referred to as PWWA 
(Hereinafter referred to as the “Parties”) 

 
 
 
 
 
 

SUSTAINABLE WHALE WATCHING AGREEMENT TO SUPPORT THE 
RECOVERY OF THE SOUTHERN RESIDENT KILLER WHALE 
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PREAMBLE: 

A. Whereas the Southern Resident Killer Whale (SRKW) is a species which has been listed 
as Endangered under part 2, Schedule 1 of the federal Species at Risk Act, 2002 (SARA); 

 
B. And whereas Canada is committed to the long-term conservation, survival and recovery 

of aquatic species at risk to ensure the long-term viability of species and to enhance their 
survival in the wild; 
 

C. And whereas the Parties recognize that a key threat to the SRKW is acoustic and 
physical disturbance from vessels; 
 

D. And whereas on May 24, 2018 the Minister of Fisheries, Oceans and the Canadian Coast 
Guard and the Minister of Environment and Climate Change Canada, as the Minister 
responsible for Parks Canada Agency, as competent ministers for the SRKW announced 
that they were of the opinion that the SRKW population faced imminent threats to its 
survival and recovery; 

 
E. And whereas TC has jurisdiction over maritime traffic, has a mandate to promote 

efficient, environmentally responsible and safe transportation, and has a responsibility to 
address the environmental impacts of maritime transportation including the mitigation of 
acoustic and physical disturbance on endangered marine mammals; 

 
F. And whereas the PWWA is committed to education and conservation while advocating 

responsible whale watching, and is also committed to direct conservation, using their 
extraordinary access to these sensitive populations of marine mammals to help protect 
them for generations to come; 

 
G. And whereas the Parties wish to cooperate in the taking of measures to support the 

survival and recovery of the SRKW as aligned with the recovery goal and objectives in 
the Recovery Strategy and recovery measures in the Action Plan, as well as in any future 
recovery documents prepared in accordance with SARA legislative requirements; 

 
H. And whereas the critical habitat of SRKW is currently defined to include coastal waters 

off British Columbia; 
 

I. And whereas the Minister has issued an Interim Order prohibiting vessels from 
approaching within 400 metres of a killer whale within SRKW critical habitat; 
 

J. And whereas members of the PWWA have specialized knowledge and experience to 
determine whale ecotypes through observation of their behaviour, activity, and 
appearance;   
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K. And whereas the Minister may authorize a vessel, or a person operating or navigating a 
vessel, to approach to approach between 200m and 400m of a killer whale, other than a 
SRKW, for commercial whale-watching purposes, while within the critical habitat of the 
SRKW, if the person or vessel is subject to an agreement with the Minister related to 
whale watching and intended to reduce the risk of physical and acoustic disturbance to 
SRKW; 
 

L. And whereas the members of the PWWA are welcome to leverage this agreement to 
help educate and raise awareness among their clients of the plight of the SRKW and the 
reasons these actions are being taken. 
 

M. Now therefore, the Parties commit to the following: 
 
1. DEFINITIONS 

1.1. The following terms defined hereunder and used in this Agreement, when capitalized, 
will have the following meaning: 

1.1.1. “2019 season” refers to the months during 2019, specifically June 1st – October 
31st, when SRKW are expected to return to their critical habitat in increasing 
numbers. 

1.1.2. “Acoustic disturbance” means anthropogenic noise that interferes with SRKW 
life functions including feeding and foraging, reproduction, socializing, and resting, 
such that the marine environment cannot support effective acoustic social signaling 
and echolocation and results in loss of habitat availability and/or function 

1.1.3. “Best available information” includes relevant scientific, technical, navigational 
safety, operational, commercial and economic data, community and Indigenous 
traditional knowledge; 

1.1.4. “Effective Date” means the date of the last signature affixed to this Agreement; 
1.1.5. “Physical disturbance” means the physical presence and proximity of vessels to 

individual SRKW that impedes functions such as feeding, foraging, reproduction, 
socializing or resting, which may affect SRKW at both the individual and 
population level; 

1.1.6. “PWWA vessels” means a vessel operated by a Pacific Whale Watch Association 
member for the purposes of whale watching and ecotourism business.  

 
2. GOAL AND PURPOSE 

2.1. The goal of this agreement is to reduce the risk of physical and acoustic disturbance to 
Southern Resident killer whales from PWWA vessels for the 2019 season. 

2.2. The purposes of this agreement are to: 
2.2.1. Set out the specific commitments from PWWA that will assist in achieving the 

stated goal; 
2.2.2. Enable membership of the PWWA, including both Canadian and U.S. members, 

to fulfil the requirement of an agreement in order to receive authorization to 
approach between 200m and 400m of a killer whale, other than a SRKW, for 
commercial whale-watching purposes, while within the critical habitat of the 
SRKW; 
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2.2.3. Establish a mechanism for reporting and review with respect to PWWA 
commitments. 

 
 
3. PRINCIPLES 

3.1. The following principles will guide interpretation and implementation of this 
Agreement: 

3.1.1. Precaution: The efforts of the PWWA are being taken in recognition of the need 
to act in a precautionary manner given the status of the SRKW; 

3.1.2. Adaptation/Adaptive Management: The Parties recognize that monitoring the 
effectiveness of existing and future threat reduction measures to abate threats from 
PWWA vessels and adjusting approaches as necessary will be critical to success; 

3.1.3. Co-benefits: The Parties will seek opportunities to implement threat reduction 
measures for SRKW that may also offer co-benefits to other species at risk; 

3.1.4. Transparency: The Parties will make non-confidential information related to the 
development, implementation and monitoring of the Agreement and threat reduction 
measures publicly available subject to section 8.2 of this Agreement; and 

3.1.5. Engagement: The Parties will seek opportunities for bilateral engagement on the 
implementation of the agreement. 

 
4. INTERPRETATION 

4.1. The preamble hereof and any appendices hereto form an integral part of this Agreement. 
4.2. This Agreement is not intended to create any legally binding obligations, duties, 

commitments or liabilities (contractual or otherwise) on any of the parties. Nor does it 
create any new legal powers on the part of the Parties or affect in any way the powers, 
duties and functions of the Minister of Transport under the Canada Shipping Act, 2001, 
the Canada Marine Act, or any other federal legislation. 

 
 
5. MEASURES UNDERTAKEN FOR THE PROTECTION OF SRKW BY 

THE MEMBERSHIP OF THE PACIFIC WHALE WATCH 
ASSOCIATION 

5.1. The Parties acknowledge that: 
5.1.1. Recovery of the SRKW population will require an ecosystem approach applied on 

a long-term basis that takes into consideration all three main threats to SRKW and 
will require additional measures to those undertaken by the Parties pursuant to this 
Agreement;  

5.1.2. Other limiting factors that may affect SRKW survival and recovery are beyond 
the influence of the Parties, including but not limited to events occurring in SRKW 
critical habitat in US waters.  
 

5.2. In support of the goal set out in section 2.1 and subject to section 9.1, the PWWA and 
its members commit to: 

A) Continue to practice current PWWA guidelines, including travelling at no 
more than 7 knots when within 1 kilometre of a whale (all types), and turning 
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off sonar, depth sounders, fish finders and other underwater transducers when 
in the vicinity of a whale (all types); 

B) Focus whale watching tours on populations of Bigg’s killer whales 
(Transients), Northern Resident killer whales, Humpback, and other Baleen 
Whales, and will not intentionally offer, plan or promote excursions based on 
viewing of SRKW. When periodically encountering SRKW in the course of 
viewing other whales, PWWA vessels will focus on conservation and 
education of the SRKW, will not approach within 400 metres, will not follow 
SRKW, will continue following the go-slow-within-1km approach, and will 
continue transiting as soon as possible; 

C) Ensure to respect the Interim Sanctuary Zones, as established under the Interim 
Order, which shall not be entered; 

D) Carry any written authorization(s) received to approach between 200m and 
400m of a killer whale, other than a SRKW, for commercial whale-watching 
purposes, on board and produce it on request; 

E) Log (and report) any incidents involving unintentional approaches to within 
400 metres of SRKW, either observed or experienced. 

 
6. TERM, MODIFICATION, TERMINATION & RENEWAL 

6.1. This Agreement takes effect on the date of the last signature affixed to this Agreement 
(“Effective Date”). 
 

6.2. This Agreement remains in force for the duration of the 2019 season, unless terminated 
earlier by one of the Parties or the Parties mutually agree to modify or terminate it. 
 

6.3. The Agreement can only be modified by mutual consent of the Parties or their 
representatives. 

 

6.4. The Parties may renew this Agreement or any part of it, and its duration may be 
extended with the mutual written consent of the Parties prior to the expiration of this 
Agreement. 

 
7. GOVERNANCE  

7.1. Should a member of the PWWA be found in violation of this agreement or of the 
mandatory applicable approach distance(s), the PWWA executive is expected to take 
appropriate action to ensure that the integrity of the agreement is not jeopardized and 
inform Canada of their approach to addressing violations.  
 

7.2. The Minister retains discretion to suspend or revoke this agreement and revoke any 
authorization granted under the Interim Order, regardless of the action(s) taken by the 
PWWA with regard to addressing violations. 
 

7.3. Monthly update calls between PWWA leadership and TC, represented by the 
Environmental Policy Group, shall be held to share information, discuss any issues that 
have arisen, and identify any on-going challenges.  
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8. MONITORING, RECORD KEEPING & REPORTING 
8.1. The PWWA commits to providing the Minister with a list all its members along with 

the corporate address of their place of business, contact information and vessel 
information. The PWWA will ensure the list provided to the Minister is current. 
 

8.2. The PWWA commits members to monitoring and keeping records of the progress on 
actions identified within the Agreement, specifically the implementation of those 
committed to in subsection 5.2.  
 

8.3. By December 31, 2019, the Parties will review the Agreement against the agreed upon 
monitoring and record keeping and prepare and issue a report describing the 
implementation of measures undertaken as part of this Agreement.  
 

9. INFORMATION SHARING 
9.1. Each Party agrees, subject to any applicable data sharing agreements and legislative 

provisions that would prevent them from doing so, to provide the other Party access at 
no charge to available data and information relevant to the implementation of this 
Agreement. 
 

9.2. Some data and information may require confidentiality or may have been obtained with 
an understanding of confidentiality. Data and information so identified by a Party, or a 
collaborator in programs and activities related to this Agreement, will be held 
confidential by the Parties to the extent permitted by any relevant legislation and related 
policies, procedures, and agreements. 

 
10. DISPUTE RESOLUTION 

10.1. Where a dispute arises under this Agreement, the dispute shall be resolved through 
consultations between the Minister's representatives and representatives of PWWA. 
 

11. PARLIAMENT NOT FETTERED 
11.1. Nothing in this Agreement shall prohibit, restrict or affect the right or power of the 

Parliament of Canada to enact any laws whatsoever with respect to any area of law for which 
the Parliament of Canada has legislative jurisdiction, even if the enactment of any such law 
affects this Agreement, its interpretation or the obligations of either party. 
 

12. MINISTER NOT FETTERED 
12.1. Nothing in this Agreement shall derogate or otherwise fetter the ability of the Minister to 

regulate, administer, manage, or otherwise deal with the protection of the marine 
environment from adverse vessel effects and all attendant matters thereto. 
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13. SIGNATURES 
 
In witness whereof, the Parties have executed this Agreement. 
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Comments to the Pacific Fishery Management Council regarding final recommendations by the 

Southern Resident Killer Whales (SRKW) working Group for fishery management and conservation 

measures to address risks to the SRKW DPS posed by Council Chinook salmon fisheries. 

Drafted by: 

Kurt Beardslee and Nick Gayeski, Wild Fish Conservancy 

 Misty MacDuffee, Raincoast Conservation Foundation 

Deborah Giles, PhD, Science and Research Director, Wild Orca 

Supported by: 

Verner Wilson, III, Senior Oceans Campaigner, Friends of the Earth U.S. 

Shari Tarantino, Executive Director, Orca Conservancy 

November 6 2020 

We appreciate the opportunity to provide comments to the Council on the SRKW Working Group (WG) 

recommendations for fishery management measures to address the risk posed to endangered SRKW by 

Council Chinook salmon fisheries. We recognize and appreciate the considerable amount of time and 

effort devoted by the WG to developing the May 2020 Risk Assessment (“RA”) and the 

recommendations in its Draft Range of Alternatives and Recommendations of August 2020(“Draft 

Recommendations”). We hope that these brief comments will assist the Council in choosing an 

appropriate set of fisheries management alternatives for Council Chinook fisheries that will afford the 

critically endangered SRKW DPS significant protection from the adverse impacts of fisheries and that 

will also provide an appropriate range of alternatives for the Environmental Impact Statement (EIS) that 

we expect the National Marine Fisheries Service (NMFS) to develop as part of the process of producing 

a new Biological Opinion by May 2021. 

Case 2:20-cv-00417-RAJ-MLP   Document 91-6   Filed 05/05/21   Page 62 of 125

2-SER-505

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 205 of 300
(509 of 992)



2 

For the record we also submit, as part of these Comments, the Note we previously submitted to Council 

on the Draft RA of September 11, 2019 and comments submitted to NMFS in December 2019. We also 

submit the Declaration by Dr. Robert Lacy submitted on behalf of Wild Fish Conservancy’s Motion for 

a Preliminary Injunction of Alaska’s 2020 Summer Troll season fishery, which includes a Vortex model 

Population Viability Analysis, updating the PVA published in Lacy et al. 2017. 

In brief, we have concerns that the range of alternatives presented in the Draft Recommendations are 

inadequately precautionary with respect to the dire demographic condition of the SRKW DPS in that 

they still presume that the burden of proof rests with the SRKW DPS and not the Council fisheries. The 

Draft Recommendations reveal where they believe the burden lies in subsection 3.1.2.e (List of potential 

responses if a year’s preseason projection fall below a threshold) which states that the “goal of 

management response(s) would be to benefit SRKWs while still providing some fishing opportunity in 

years when Chinook abundance is deemed low by surpassing a defined threshold”, page 11. The priority 

is clearly to keep fishers fishing. 

First recommended type of alternative: 

Consistent with the Precautionary Principle, we offer an alternative approach that appropriately places a 

greater burden of proof on Council Chinook fisheries and assumes a stronger presumption that the 

SRKW DPS is likely to be jeopardized (per the ESA) by Council fisheries as currently conducted. We 

also provide an additional alternative that would require a fundamental re-design of Council Chinook 

fisheries; one that would further the recovery of ESA-listed wild Chinook populations subject to Council 

fisheries and better guarantee SRKW access to preferred Chinook prey populations. 

The Working Group and NMFS have recognized that no single or multiple Chinook abundance metrics 

currently appear to be better correlated to SRKW demographic rates than an index of coastwide annual 

abundance (RA, chapter 5, pp. 73 – 95; NMFS 2019 (section 2.5.4, page 242). In addition, despite the 

weak relationships between various Chinook abundance indices and SRKW demographic rates, the WG 

acknowledges that “…in the majority of cases… the point estimates for the fitted relationships were of 

the expected sign” (i.e., better rates when a Chinook abundance index was “high” and poorer rate when 

indices were “low”, Draft Recommendations page 87).  

The RA draws attention to concern that was noted in the Hilborn et al. 2012 Independent Panel Report 

regarding the statistical or biological significance of correlations between Chinook abundance indices 

and SRKW demographic rates; specifically the interpretation of such correlations “as confirming a 

linear causal relationship between Chinook salmon abundance and SRKW vital rates” (RA, page 90). 

This caution has routinely been raised by skeptics of the significance of Chinook abundance to the 

current status of the SRKW DPS and by opponents of further restrictions on harvest as conservation 

actions that are likely to benefit the DPS. Yet, it is never articulated how or why this general point 

supports claims that further reductions in Chinook harvest will not benefit SRKW. 

Regardless of the body of evidence that supports a causal nature, this demographic relationship with 

Chinook will always be a correlation. There is no (ethical) study that can be conducted to test this 
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relationship in an empirical manner. The skepticism and desire by managers (and others) for proof that 

this relationship is causal before taking action is a distraction that leads to irresponsible decision making 

for an endangered DPS.  

There is a strong body of literature that supports acting on the evidence that Chinook abundance is the 

primary factor driving Southern Resident survival and fecundity, some of which are identified in the 

RA. Additionally, Velez-Espino et al. (2013) building on findings of Ford et al. (2010) and Ward et al. 

(2009) demonstrated that fisheries reductions and closures would improve vital rates and recovery 

trajectories of Southern Resident killer whales. While the role of vessels and contaminants may 

compound the effects of prey limitation, they do not diminish the primary importance of adequate food. 

As noted above, even the RA acknowledges that the correlations between various Chinook abundance 

indices and SRKW demographic rates are all in the right direction, supporting the conclusion that 

greater indices of Chinook abundance are likely to result in better SRKW demographic rates.  

Further, the skepticism regarding the statistical relationship between Chinook abundance indices and 

SRKW demographic rates increases the risk that harmful outcomes will eventuate to vulnerable 

resources. The perspective of Kriebel et al. (2001) is relevant in this context. Regarding uncertainty 

Kriebel et al. observe “…there is also a strong desire on the part of scientists to be precise. This may 

result from a confusion of uncertainty with quality of information; but the two concepts are distinct. It is 

possible to produce high-quality information about greatly uncertain phenomena.” The information 

available to date regarding the relationship of Chinook abundance indices and SRKW demographic rates 

is of high quality and strongly supportive of risk-averse, precautionary management actions in regard to 

Council (and other) Chinook fisheries. 

The precautionary approach requires that when evidence is inconclusive regarding either the causes of 

population decline or the effectiveness of potential remedies, strong risk-averse regulatory actions – 

such as significant change to harvest management – be taken first and research presumed to better 

resolve key uncertainties in status and mechanisms undertaken subsequently. The Draft 

Recommendations imply that strong precautionary reductions in current harvest should await the results 

of one or several items on a laundry list of potential research topics. We believe, and have argued in 

previous submissions to the Council and NMFS, that the status of the SRKW DPS is too precarious to 

justify this “wait-and-see” approach, that flawed logic is being used to avoid risk-averse actions, and this 

stonewalling contravenes the precautionary approach as it is intended to be applied to an endangered 

DPS. 

We also emphasize a point we have made in past comments, viz; that the state of the SRKW DPS 

necessitates an immediate need to try to stabilize population numbers and secure the conditions that may 

permit a slow rebuilding. In the near term, management should aim to halt further decline and secondly 

achieve a small positive growth rate in the neighborhood of 0.5 to 1%. (For further relevant details, see 

Lacy 2020, attached). Dismissing potential remedial actions, such as significant coastwide reductions in 

Chinook harvest, on the grounds that it appears unlikely that such action would achieve the 2.3% annual 

Case 2:20-cv-00417-RAJ-MLP   Document 91-6   Filed 05/05/21   Page 64 of 125

2-SER-507

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 207 of 300
(511 of 992)



4 

population growth rate required for de-listing by NMFS’ 2008 Recovery Plan, is unjustified and 

dismissive of the obvious dire condition of the DPS. 

We therefore, recommend replacing one or two of the “Alternatives for North of Falcon (NOF) Chinook 

salmon abundance TS1 Thresholds” listed in Table 3.1.a, page 11 of the Draft Recommendations with 

the following:  

Establish an abundance threshold below which no fishery can occur.  

We recommend that this threshold be set at a preseason abundance estimate equal to or greater than the 

error-adjusted TS1 abundance level of 1 to 1.1 million or greater (i.e. between 3.1.2 c and  3.1.2.d). The 

kinds of “potential responses” in the list in subsection 3.1.2.e of the RA would need to be modified to 

provide a sliding scale of permissible Chinook harvest levels determined by how far the the TS1 

preseason abundance estimate exceeds the threshold. 

Adopting this approach will provide greater consideration of the SRKW DPS than the approach 

embodied in the Draft Report, and it will benefit research and monitoring directed at obtaining more 

robust time and area knowledge of specific Chinook stocks/populations important to foraging SRKWs. 

It is more probable that such stocks/populations will be identified when no fishing occurs or when only a 

deminimus level of fishing occurs when total TS1 Chinook abundance is above the threshold. This also 

places the burden of justifying and financing the conduct of such research and monitoring on those who 

wish to expand fishing opportunities. 

Adding one or two more alternatives (for different TS1 threshold abundance levels) to Table 3.1.a (in 

addition to the mandatory no-action 3.1 alternative) would provide a robust set of alternatives for the 

NMFS (and subsequently the public) to evaluate in the EIS. 

Second (new) alternative: 

An analysis of age overfishing should be conducted by the Workgroup. Both the Draft 

Recommendations and the RA acknowledge the fact that most Council Chinook fisheries encounter 

immature Chinook (as both landed catch and drop off mortality) which contributes to the reduction in 

age-at-maturity, resulting in a younger average age of spawning populations (which contributes to lower 

population productivity and reduced capacity for rebuilding) and a younger average age of the catch 

(with attendant smaller size and lower per-fish landed value).  

Southern Resident killer whales are highly selective on large, older Chinook. More than 80% of their 

Chinook consumption is on salmon greater than 700mm, generally corresponding to fish age 4 and 

above (Ford and Ellis 2006, Ward et al. 2010). These ages classes typically make up less than 15% of 

the recent FRAM abundance of 2-5-year-old Chinook in Salish Sea waters. Because of this importance 

biologically and ecologically, the PFMC needs to expand beyond abundance metrics as the indicator of 

healthy salmon stocks and recognize the importance of population structure in recovery goals for 

Chinook and killer whales.  
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As part of a robust review of this topic, PFMC should examine the benefits to population structure from 

phasing out, and eventually terminating (within a specified maximum amount of time), fishing in the 

EEZ north of Falcon (if not from central California to the Canadian border) and moving the PFMC 

fisheries to terminal areas at and near the mouths of rivers. 

Such a transition should significantly reduce, if not eliminate, the risk that immature Chinook are 

encountered by the fishery. Age overfishing of Chinook in coastal marine mixed stock salmon fisheries 

is a significant conservation concern because it reinforces the tendency for Chinook to return at younger 

ages and smaller sizes-at-age, contributing to declines in both fecundity and productivity. Eliminating 

age overfishing will both increase the proportion of older, larger Chinook in the spawning return (which 

will benefit population rebuilding) and increase the average size (weight) of individuals in the catch. 

Increasing the average weight of Chinook caught will permit the same total catch biomass to be attained 

with fewer numbers of Chinook, further benefitting spawner abundance and population rebuilding. 

Transitioning to terminal or near terminal fisheries should also benefit SRKWs by increasing the 

probability that SRKW “get to the fish first” before the salmon encounter fisheries.  

In conjunction with an analysis of age overfishing and population structure, an analysis should be 

conducted on the economic benefits to terminally located fishing communities from moving fisheries 

close to or in the coastal rivers of origin. This should include the use of selective fishing gears that can 

target hatchery-origin Chinook stocks and specific size classes of wild Chinook stocks, which will 

further the rebuilding of wild population spawning escapement and general wild stock rebuilding. The 

analysis should also include the potential economic benefits to local fishing communities of obtaining 

higher prices for landed Chinook catches from receiving certification for attaining a high conservation 

standard in the conduct of the fisheries. 

These two alternatives, plus one or two of the alternatives presented in the draft report should be the 

focus of a thorough Environmental Impact Analysis pursuant to NEPA. This should be an integral 

component of achieving the new Biological Opinion for the PFMC Salmon FMP. 
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Note on PFMC SRKW Workgroup Draft Risk Assessment of Sept 11 2019 

Nick Gayeski, Wild Fish Conservancy 

Misty MacDuffee, Raincoast Conservation Foundation 

September 26, 2019 

The SRKW workgroup has initiated an important review of PFMC Chinook fisheries and their 

implications for SRKW. However, the composition of the workgroup indicates that it is not an 

independent scientific group. It is composed principally of tribal and state fish and wildlife staff 

whose prime responsibilities are fisheries management. Only a few of the team members, 

principally NMFS science staff, have the strong technical capabilities in salmon and ecosystem 

modeling to produce a quantitative assessment of the risk PFMC (Council) Chinook salmon 

fisheries pose to the survival of the Southern Resident Killer Whale (SRKW) DPS. As such, 

there are constraints to receiving the products of the workgroup as appropriate to accomplishing 

this critical task. 

The Draft Report (DR) provides a reasonable summary of the status of the SRKW population, its 

component pods (J, K, and L), and acknowledges the dependence of the population on Chinook 

salmon. Importantly, the DR acknowledges the evidence accumulated over the past decade that 

demonstrate significant correlations between various indices of annual Chinook salmon 

abundance and demographic vital rates of SRKW. Unfortunately, the authors of the DR 

prevaricate about the significance of this dependence due to inability of the analyses to establish 

a clear causal relationship between Chinook abundance and SRKW demography. 

The DR needs a clear, strong statement regarding the critically endangered status of the SRKW 

DPS (see DFO’s 2019 SAR and PVA model outputs that indicate ongoing population decline 

with a 26% probability of quasi-extinction (one sex) within 75-97 years https://www.dfo-

mpo.gc.ca/csas-sccs/Publications/SAR-AS/2019/2019_030-eng.html.) and the associated need 

for immediate management measures to arrest further decline. 

The DR should be clear at the outset that this constitutes a conservation emergency. The benefit 

of the doubt regarding candidate management measures under the control of the Council must 
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favor the DPS in accordance with the priority that society places on ESA-listed endangered 

populations. 

The DR’s description of the management structure of the Council Chinook fisheries under the 

current Pacific Salmon Plan (PSP) reveals the shortcomings of the data. This applies to annual 

Chinook salmon abundance and distribution, and fishery impacts on Chinook stocks known or 

potentially important to foraging SRKW within their existing and proposed critical habitat.  

Similarly, the DR provides evidence concerning the uncertainty of the relationship of various 

indices of Chinook salmon abundance to SRKW demographics. This uncertainty is due to two 

primary factors: uncertainties regarding the accuracy and appropriateness of the individual 

indices of Chinook abundance and distribution, and uncertainties concerning the strength of 

association between Chinook abundance or distribution indices and specific SRKW demographic 

parameters. Among the former uncertainties, are uncertainties regarding the age-distribution of 

Chinook, maturation rates, and the abundance and proportion of immature Chinook in the several 

stocks subject to Council fisheries. The latter uncertainties are due primarily to small sample 

sizes which themselves are due to the low population size of the SRKW population and its 

component pods. These uncertainties are further compounded by the interaction of lack of 

Chinook prey and other factors known to pose threats to the viability of the SRKW population, 

in particular vessel noise and toxics contamination. Inevitably, therefore, there is considerable 

noise in much of the demographic data pertaining to the relationships between SRKW 

demographics and indices of Chinook prey. 

The decision to rely primarily on the results of the Shelton model (Shelton et al. 2018) to 

characterize coast-wide Chinook distribution seems reasonable, although it too, like FRAM, is 

compromised by having to rely nearly entirely on hatchery CWT data. However, Shetlon et al.’s 

results show that there is considerable uncertainty in the estimates of the annual abundance and 

spatial distribution of particular stocks or combinations of stocks that cannot be resolved without 

additional research and data acquisition. Even with such research, it is unclear that additional 

precision in estimates of stock-specific abundance and spatio-temporal distribution will resolve 

the issues surrounding fine-scale adjustments of Chinook harvest to the benefit of SRKW. This 
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highlights the importance of developing a value-of-information analysis as a component of the 

risk assessment, which is absent in the DR. 

This reinforces the importance of emergency reductions in Council Chinook salmon fisheries 

that should not be delayed until additional research resolves these uncertainties. Such reductions 

would also be consistent with according SRKW the benefit of the doubt and appropriately 

placing the burden of proof on Chinook fisheries. Research and monitoring can be undertaken 

simultaneously with harvest reductions.   

These uncertainties also provide evidence that there is a limit to the ability of stock assessment to 

provide the level of detailed information necessary to conservatively manage individual Chinook 

populations and stock aggregates in coastal mixed-stock fisheries. The current plight of the 

SRKW DPS provides clear evidence that this has, and will probably continue to be, the case.  

In addition, there is lack of data and associated uncertainty regarding the age-structure and 

maturation rates of Chinook stocks in both the FRAM and the Shelton et al. model. The DR does 

acknowledge that SRKW prefer larger, older age 4+ Chinook salmon and notes that ocean 

mixed-stock Chinook fisheries encounter and harvest immature, particularly age 2 and 3 

Chinook. But there is no effort made to consider addressing ocean fisheries as a means to rebuild 

an older, more historical age structure of Chinook populations within SRKW proposed or 

existing critical habitat. Given, the uncertainties noted, there seems good reason to doubt that 

restoring the historical age/size structure of Chinook can be undertaken while continuing with 

coastal mixed-stock Council (and more generally PST) Chinook fisheries. Thus, the DR should 

consider that the mixed-stock nature of these fisheries themselves pose a risk to the survival of 

the SRKW DPS. 

All of this argues for a fully Bayesian risk assessment framework capable of providing 

probability distributions of the risks posed to SRKW by Council Chinook fisheries. 

Unfortunately, the risk assessment approach outlined in the DR does not adopt such an approach. 

The most probable outcome of this failure as the workgroup continues, is to significantly under-

estimate the risk Council Chinook fisheries pose to SRKW. 

The current model runs reported in section 5, page 47, should be reconfigured using a Bayesian 

framework so that the results of the regressions can be stated as posterior probability 
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distributions, and not uninformative and problematic frequentist p-values and associated 

confidence intervals (CIs). Such revised analyses would clearly and properly display the 

uncertainties of the analyses (and associated model assumptions) which is necessary to display 

the risk posed to SRKW by failing to appropriately revise Chinook harvest rules. This would also 

make transparent the burden of proof that is being placed on the SRKW.  

In commenting on the statistical significance of the fitted regressions (based on a traditional 

frequentist statistical approach) the DR acknowledges that “especially when the data are noisy or 

confounding variables are not accounted for, it is possible for a real effect to be present despite 

the data having a pattern no more extreme than one that could be explained by chance alone 

(large p-value). Given the lack of statistical significance, the results should be interpreted with 

caution. Nevertheless, in almost all cases the fitted relationships were of the expected sign (i.e. 

survival and fecundity increased with increasing Chinook abundance while occurrence of 

peanut-head decreased with increasing Chinook abundance)” (p. 47).  

Bayesian regression analyses would produce probability distributions of the fitted relationships 

(instead of dubious p-values and CIs) and require that threshold probabilities be identified for 

concluding that no action on Chinook harvest is warranted. More appropriate still, is to embed 

such regression analyses in a broader Bayesian population viability analysis (PVA) that would 

provide a probability distribution of time to extinction or quasi-extinction. This would reflect the 

manner in which the Chinook indices-SRKW demographic indices regression contribute to the 

overall extinction risk, and hence how managers are weighting the risk that Chinook abundances 

and distributions pose to SRKW persistence. In view of the fact that three PVAs on SRKW have 

been published (Velez-Espino et al. 2014, Lacy et al. 2017, Clarke-Murray et al. 2019) it is 

surprising and disappointing that neither the workgroup or NMFS have incorporated their 

findings or undertaken an ‘official’ PVA themselves. Such considerations could provide 

guidance on the critical decision facing the workgroup. 

The ESA accords the greatest benefit of the doubt to populations listed as endangered. In 

particular, in any jeopardy evaluation, the burden is to show that the proposed action will not 

jeopardize the continued existence of the listed population(s). It is clear from the recent history 

of the SRKW DPS and the management of Chinook salmon harvest under the PST and PSP 

(which govern Council Chinook fisheries) that the current fishing regimes remove prey from a 
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food-stressed SRKW DPS. The only uncertainties concern which fisheries adversely affect 

which Chinook salmon stocks and by how much, when and where, with respect to the prey 

requirements of foraging SRKW. The burden of these uncertainties must fall on the fisheries, not 

on endangered whales. This is especially so in the current context, where the immediate 

management emergency is to take actions that have the greatest probability of bounding the 

SRKW DPS away from its decline toward extinction. This requires stabilizing the population 

growth rate, which is currently negative (lambda ~ 0.99, equal to an annual decline in DPS 

abundance of 1% per year (Velez-Espino et al. 2014, Lacey et al. 2017, Clarke-Murray et al. 

2019).  

Further, in light of the renewal of the PST, the burden of Chinook harvest reductions that may be 

undertaken to attempt to halt the decline of the SRKW DPS must fall on the Council fisheries. 

The April 9 2019 NMFS Biological Opinion concerning the Consultation on the Delegation of 

Management Authority for Specified Salmon Fisheries to the State of Alaska makes it clear that 

NMFS considers Treaty Chinook fisheries as configured pursuant to the 2019 Pacific Salmon 

Treaty to jeopardize ESA-listed Puget Sound Chinook and SRKW
1
. NMFS’s finding that there is 

a need to further mitigate the effects of Chinook harvest beyond what is provided for in the 

Treaty is tacit admission that, absent the proposed mitigation measures, NMFS would have had 

to conclude jeopardy. Regardless of the proposed mitigation measures (which are conjectural and 

dependent on uncertain future funding), the BiOp makes it clear that Chinook harvest poses 

jeopardy to SRKW, and since Treaty harvest measures have therein been given ESA take 

coverage, the burden for further necessary modifications in US coastal Chinook fisheries falls on 

the Council fisheries. 

 

                                                 
1
 The 2019 BiOP admittedly does not explicitly use the term ‘jeopardy’. The exact language is “… the status 

of Puget Sound Chinook salmon and SRKWs have declined in recent years. A key objective of the U.S. 

Section during the negotiating process for a new Agreement was therefore to achieve harvest reductions to 

help address ongoing conservation concerns for Puget Sound Chinook and coincidentally provide benefits for 

SRKWs”, and continues “Further reductions [in Chinook harvest in PST fisheries] are proposed in conjunction 

with the 2019 Agreement, but there was a practical limit to what could be achieved through the bilateral 

negotiation process. As a consequence, and in addition to the southeast Alaska, Canadian, and SUS fishery 

measures identified in the 2019 PST Agreement, the U.S. Section generally recognized that more would be 

required to mitigate the effects of harvest and other limiting factors that contributed to the reduced status of 

Puget Sound Chinook salmon and SRKWs” (pp. 9-10). 
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Accordingly, the risk assessment to be undertaken (or completed) by the working group must 

identify changes to Council fisheries that, in conjunction with PST Chinook fisheries beyond the 

control of the Council, alleviate jeopardy to the SRKW. This requires, as already noted, that the 

risk assessment be framed as a population viability analysis (PVA) that produces SRKW 

population trajectories and associated extinction probabilities under the current conditions and 

under candidate management changes to Council Chinook fisheries, starting with a default 

complete closure of Council Chinook fisheries for a minimum period of time based on SRKW 

demography. This will likely be at least 5 and more reasonably 10 years, if not more. 

 

Further, the criterion for the target response by SRKW needed to avoid jeopardy should not be a 

population growth rate of 2.3% /yr. for 28 years required under the SRKW Recovery Plan. This 

growth rate is inappropriate to a declining small population on the verge of an extinction vortex. 

Rather, the issue is to arrest the decline and preserve the reproductive potential of SRKW. This 

suggests that the target short-term annual population growth rate should be on the order of 1% 

over the next 10 to 20 years. An annual growth rate of one-half of one percent (0.005) would 

succeed in stabilizing the SRKW at slightly above the current number (73), provided the 

variance in that growth rate can be made sufficiently small. A steady average annual population 

growth rate of 0.005 would result in an average SRKW population of 81 individuals at the end of 

20 years (compared to the current population of 73). A growth rate of 0.01 would achieve this 

population size in 10 years and a population size of 89 in 20 years. Modest as this would be, it is 

a significant step in the right direction compared to the recent negative population trend. An 

annual population growth rate in the range of one-half to one percent (0.005 to 0.01) appears to 

have a high probability of being achieved by the termination of all council directed Chinook 

fisheries. This also indicates that analyses (e.g., Hilborn et al. 2012, and Velez-Espino et al. 

2014) that have concluded that further reduction or even closures of coastal Chinook fisheries are 

unlikely to achieve (in the near term at least) the NMFS SRKW Recovery Plan target annual 

population growth rate of 2.3% are misleading, if not misguided. The emergency conservation 

issue is not how to achieve an immediate annual growth rate of 2.3%, but rather the more urgent 

and appropriate goal to arrest the recent decline, stabilize the population and facilitate its slow 

rebuilding. 
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Submission to NOAA on Protective Regulations for  
Southern Resident killer whales 

December 2019 
 

Summary points 

• The marine waters of the North East Pacific that provide critical habitat to SRKWs are 

undergoing rapid changes to their structure (ex. stratification, trophic composition), 

function (ex. role of carbonate ions) and processes (ex. pH buffering, nutrient cycling, 

primary production), which the whales have not evolved with, but must recover within. 

• These changes include shifts in the population demographics and structure of Chinook 

salmon, including run timing, genetic diversity, abundance, maturation rates, size at age, 

age at return, and fecundity.  

• These changes are largely driven by fisheries that select for larger salmon and catch 

immature Chinook, but also include climate change, excessive hatchery production and 

potential size selective predation by other resident killer whales.  

• Southern Resident killer whales selectively forage on large, older Chinook salmon 

estimated to represent less than 15% of the Chinook abundance within the Salish Sea. 

• Hatcheries, and corresponding Mark Selective Fisheries, have direct and indirect 

interactions with wild Chinook that undermine their fitness, population structure, 

abundance and conservation. They are produced to subsidize commercial and sport 

fisheries from Alaska to California and have failed to recover wild Chinook populations. 

• Closing marine mixed stock Chinook fisheries and moving fisheries to terminal areas 

would increase abundance of mature Chinook within SRKW foraging grounds.  

• Significant reductions in Chinook hatchery production must be implemented to rebuild 

Chinook population structure and SRKW food supply.  

• Vessel management measures in US SRKW critical habitat should be harmonized with 

Canada’s 2019 measures to reduce vessel disturbance and improve salmon accessibility. 

• These steps offer the best, and perhaps only, chance to restore reproductive potential and 

improve survival for endangered SRKWs. 
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Recovery plans for endangered Southern Resident killer whales have been in place in the US and 

Canada since 2008. Despite the listings and recovery plans, these whales have failed to show any 

signs of population stabilization, a reversal in their declining trend, or recovery. The most recent 

Population Viability Analysis (PVA) completed by Canada’s Department of Fisheries and 

Oceans (DFO, Clark-Murray et al. 2019) in August 2019 shows ongoing population decline with 

a 26% probability of quasi-extinction (one sex) within 75-97 years (SAR: https://www.dfo-

mpo.gc.ca/csas-sccs/Publications/SAR-AS/2019/2019_030-eng.html; Clarke-Murray et al. 

2019). 

 

DFO’s PVA examined the known primary threats (abundance of primary prey, Chinook salmon, 

vessel noise and disturbance, and contaminants) from an individual and cumulative threat 

perspective. When considered individually, the modeled effects of individual threats did not 

replicate the observed population trend in SRKWs over the period 2000-2017. When the threats 

were considered together (Chinook salmon abundance, vessel noise/physical disturbance, vessel 

strike and PCB contamination), the output of the PVA model closely replicated the observed 

population trends for Southern (and Northern) Resident killer whale populations. The authors 

conclude that Chinook salmon abundance and its interactions with vessel noise and PCBs 

strongly influenced modelled killer whale population dynamics. Importantly, this PVA follows 

previous DFO (Velez-Espino et al. 2014 a, b) and independent (Lacy et al. 2017) viability 

analyses that show declining trajectories with a 25% to 49% risk of functional extinction (less 

than 30 individuals) by the end of the century depending on the threats considered.   

 

Despite minor efforts to reduce threats and implement precautionary measures for SRKWs, these 

actions have not improved declining trends nor have they improved estimated extinction 

probabilities. This failure has placed the region in the position of having to undertake drastic 

actions to arrest the decline in Southern Resident population numbers and preserve reproductive 

potential. Past reductions in Chinook salmon fisheries, including those in the recently renewed 

Pacific Salmon Treaty, have at best simply followed declining stocks down, rather than making 

significant precautionary reductions and/or implement closures that would get ahead of 

population declines and facilitate genuine rebuilding. Herein, we propose actions to be taken 

immediately to halt the decline and preserve the possibility of recovery of these iconic whales. 
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Despite high profile attention and proclamations for bold recovery actions by governments in the 

past few years, the SRKW population has only declined. Absolute population numbers are at 

critically low levels (73 individuals across the three pods with J pod consisting of 22 members, K 

pod of 17, and L pod of 34; CWR https://www.whaleresearch.com/orca-population). Extensive 

analysis has been presented to US authorities on the Task Force and to NOAA, describing the 

population’s precarious biological condition. There should be no disputing the demographic 

information that shows a dramatic reduction in successful births, declining matriarch and 

breeding females, skewed sex ratios, in-breeding concerns, disrupted age structure, and 

destabilized population structure that likely has social, as well as biological, implications. The 

issue at hand is not whether urgent action is warranted, but the adequacy of the measures needed 

to reverse this dangerous decline and stabilize the population so as to preserve the possibility of 

recovery (population rebuilding). 

 

A rapidly changing ocean 

Underpinning the historical presence, distribution, and resilience of Resident killer whales are 

evolutionary ecological processes that support ecosystem function and services. As these 

processes are disrupted or destroyed, the complex ecological webs that underlie the diversity, 

abundance, and productivity of Chinook salmon and SRKW (among many other components of 

Pacific Northwest marine and freshwater ecosystems) unravel. Mixed-stock coastal marine 

salmon fisheries and large-scale salmon hatchery production are contributing causes of this 

unraveling. 

 

The diet, biological and cultural traits of Southern Residents have evolved over 250 thousand 

years into an ecotype that is highly specialized on the geographic distribution, run timing, and 

size and abundance of Chinook salmon, as well as other seasonally abundant species of the larger 

Pacific salmon. They also evolved with an acoustic environment that supported their use of 

sound to meet social and biological life requisites.  

 

The quality of the marine environment (warming, acidification, oxygen loss, nutrient cycling and 

primary production) along with the spatial, temporal and biological structure of Chinook 

populations that SRKWs rely on, has changed significantly within the last century, especially so 

in the last 30-40 years.  
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Today, the rates, scales, kinds, and combinations of regional and global ecosystem change differ 

from those at any other time in history. For example, heatwaves from El Nino, the blob, and 

steady warming in the North Pacific Ocean increases salmon metabolism, food consumption and 

stress. More importantly, warming temperatures change zooplankton composition and 

distribution (changing food quality), increase vertebrate and invertebrate predators, drive algae 

blooms, change historic hydrologic patterns, increase ocean stratification, weaken upwelling 

processes, and change the base of the salmon food web.  

 

Surface waters are not just warmer, they are more acidic. With higher acidity, sound wave 

absorption is lowered, making ocean noise louder. More CO2 uptake has consequences for 

zooplankton at the base of the food web that use carbonate minerals for shells and skeletons. 

Models predict that large parts of the Arctic will start to cross a carbonate under-saturation 

threshold in a decade, with forecasts that most Arctic waters will lack adequate aragonite for 

shell-building organisms by the 2080s (AMAP 2018). 

 

Other ecosystem changes come from disease, invasive species, contaminants, competition, and a 

multitude of altered freshwater conditions. Sudden leaps in aberrant ecosystem behaviour are also 

being observed, with changes often occurring faster than we can understand them. Coupled with 

this is still a fundamental lack of understanding of the functions and processes that underpin natural 

systems. This understanding is often a prerequisite to link species decline with threat reduction 

and conservation action. Its absence allows resource managers to stay the course of conventional 

management and abdicate demonstrating burden of proof of ecosystem harm.  

 

The take home message from this is that both killer whales and Chinook salmon must now 

recover in an environment that is vastly different from the one in which they evolved. Their 

ability to recover is unlikely unless significant measures are taken to stop threats and encourage, 

rather than undermine, their resilience. 

 

Recommendations 

1. NOAA must reform Chinook harvest in AABM and ISBM fisheries 

SRKWs evolved with the spatial and temporal run timing of Chinook salmon that matured 

between four and eight years of age (and an increasing percentage of females with age). These 
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salmon returned across the months and seasons to select rivers within the range of SRKW.  

SRKW are highly selective on mature large (70cm+), old (4 yrs +), and increasingly rare 

Chinook salmon (for example, 4 and 5 yr old Chinook made up less the 15% of the abundance 

estimate for 2-5 year old Chinook in the 2018 FRAM pre-season abundance model, Chinook 

older than this are so rare they are not even factored into models).  Unless the historic population 

structure and run timing of Chinook is restored, SRKWs cannot recover. 

Chinook salmon abundance trends show synchronous declines throughout BC, the 

Transboundary rivers, the Yukon, and Southeast Alaska, with declines in Chinook survival 

reported from Oregon to Alaska (Grant et al. 2019). Declining Chinook abundance is 

exacerbated by decreases in Chinook size at age, age at return, age at maturity, and reproductive 

potential, including reductions in egg size and the numbers of eggs per female, especially among 

age 4 (ocean age 3) and older females, largely due to the reduction in size-at-age (Grant et al. 

2019, Ohlberger et al. 2018, 2019). These changes in population structure are perpetuated by 

Chinook fisheries that target the largest, oldest salmon, and coastal mixed-stock Chinook 

fisheries that encounter immature Chinook (Riddell et al. 2013). They are also perpetuated by 

competition when food supply is limited, competition that is exacerbated by releases of large 

numbers of hatchery Chinook. 

 

As spawning Chinook return younger and smaller, this affects their spawning success.  Large 

female Chinook have the size and strength to bury their fertilized eggs in course gravel and 

cobble below the typical scour force of the river. In this way, few are crushed or washed away 

under typical conditions. As female Chinook decline in size, so does their ability to build 

adequate redds (nests), leading to lower survival in the fewer, smaller eggs that are deposited. In 

addition, high quality spawning habitats that can only be utilized by larger Chinook go unused, 

further depressing population productivity, abundance, and diversity and distorting assessment of 

the effects of habitat preservation and recovery efforts. 

 

Benefits from a coast-wide marine recreational and commercial Chinook closure 

 

Within two generations of Chinook salmon (8-10 years), the elimination of mixed stock fisheries 

that encounter and kill mature and immature Chinook can be expected to begin rebuilding an 

older age structure to many Chinook populations that are critical to SRKW, providing more and 

larger Chinook to these whales. Estimates in Hilborn et al. (2012) show that the probable effects 
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of full marine fishery closures (US and Canada) would increase total abundance (numbers) of 

mature age 4 and 5 yr old Chinook to the Salish Sea by about 20% for all stocks combined 

(Puget Sound, Fraser early, Fraser late, and Lower Georgia Strait). Increases in terminal 

abundance of this magnitude were shown by Lacy et al. (2017) to stop the declining trend of 

SRKWs. When combined with vessel management actions to reduce noise and disturbance, such 

increases in abundance could bring about positive growth rates.  

 

Elimination of marine mixed-stock fisheries is not a no fishing scenario. Terminal and in-river 

fisheries employing selective fishing gears and methods whose harvests are managed for 

ecosystem benefits (i.e. by setting egg deposition and adult spawner escapement targets that 

maximize smolt production (Forseth et al. 2013, Gayeski et al. 2018) can provide salmon to First 

Nation and Tribal needs. Such fisheries are designed to occur after whales have had access and 

after component stocks that are currently encountered in mixed stock fishery areas have diverged 

to their rivers of origin.  Fisheries targeting and otherwise affecting populations down the Pacific 

Coast as far as Monterey Bay, will likely need to be reconfigured in similar ways to those 

conducted on migrations routes between Alaska and the Salish Sea. 

 

Remove the burden of proof placed on the SRKW 

 

Until now, advocates for SRKW recovery have been made to bear the burden of proof when 

proposing conservation measures at the expense of other stakeholders and interests. This must 

change. The burden of Chinook harvest reductions that may be undertaken to attempt to halt the 

decline of the SRKW DPS must fall on fisheries. The April 2019 NMFS Biological Opinion 

concerning the Consultation on the Delegation of Management Authority for Specified Salmon 

Fisheries to the State of Alaska makes it clear that NMFS considers Treaty Chinook fisheries as 

configured pursuant to the 2019 Pacific Salmon Treaty to jeopardize ESA-listed Puget Sound 

Chinook and SRKW1. NMFS’s finding that there is a need to further mitigate the effects of 

                                                
1 The 2019 BiOP admittedly does not explicitly use the term ‘jeopardy’. The exact language is “… the status of 
Puget Sound Chinook salmon and SRKWs have declined in recent years. A key objective of the U.S. Section during 
the negotiating process for a new Agreement was therefore to achieve harvest reductions to help address ongoing 
conservation concerns for Puget Sound Chinook and coincidentally provide benefits for SRKWs”, and continues 
“Further reductions [in Chinook harvest in PST fisheries] are proposed in conjunction with the 2019 Agreement, 
but there was a practical limit to what could be achieved through the bilateral negotiation process. As a 
consequence, and in addition to the southeast Alaska, Canadian, and SUS fishery measures identified in the 2019 
PST Agreement, the U.S. Section generally recognized that more would be required to mitigate the effects of 
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Chinook harvest beyond what is provided for in the Treaty is tacit admission that, absent the 

proposed mitigation measures, NMFS would have had to conclude jeopardy. Regardless of the 

proposed mitigation measures (which are conjectural and dependent on uncertain future 

funding), the Biological Opinion makes it clear that Chinook harvest poses jeopardy to SRKW, 

and since Treaty harvest measures have therein been given ESA take coverage, the burden for 

further necessary modifications in US coastal Chinook fisheries falls on the Council fisheries. 

 

2. Significantly reduce, not increase, Chinook hatchery production  

Hatchery Chinook salmon are produced to subsidize commercial and sport fisheries from Alaska 

to California. The production of Chinook from Washington, Oregon and California hatcheries 

has failed to recover Chinook salmon, contributed to overfishing of wild, threatened and 

endangered populations, contributed to the changes in population structure and run timing, and 

likely exacerbated competition with wild Chinook in a food limited environment of the North 

Pacific. Further, the public funds spent on these hatchery programs and facilities takes scarce 

funding away from wild population monitoring and recovery actions. Continuing to pursue a 

hatchery strategy will not change this situation. It is likely to undermine recovery efforts for wild 

Chinook and the needed rebuilding of their age structure, their run-timing, their diversity, their 

productivity and their abundance. Restoring these attributes is not the objective of production 

hatcheries. There is also concern that increased hatchery production from Puget Sound will come 

at a cost to natural production in the Fraser River. 

 

Further, hatchery Chinook are largely late-timing ocean-types. Some of the most endangered 

Chinook populations, and potentially some of the most important runs for SRKW, are early-

timed stream-types and the few remaining winter runs. 

 

At current levels of hatchery production, the proportion of hatchery origin Chinook on wild 

salmon spawning grounds (pHOS: proportion of hatchery origin spawners) in most Washington 

rivers exceeds “biologically acceptable” levels recommended by the independent Hatchery 

Scientific Review Group (HSRG 2009, 2015, WDFW Score/Chinook). This is especially true of 

most Puget Sound Chinook populations.   

 

                                                
harvest and other limiting factors that contributed to the reduced status of Puget Sound Chinook salmon and 
SRKWs” (pp. 9-10). 
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The rush to focus on a conjectural quick fix in the form of increased Chinook hatchery 

production is symptomatic of the failure of current management to address past mismanagement 

of Chinook populations coast-wide and the hope that an industrial-technological solution will 

somehow solve a complex ecological problem. Reliance on this failed industrial tool to address 

the complex ecological issues facing SRKW and wild Chinook is destined to fail both of them. 

Such an approach simply repeats the current “placeless” management of salmon that fails to 

recognize that their great diversity and abundance is rooted in their strong attachment to place: 

i.e. the rivers of their origin (Gayeski et al. 2018). SRKW are an integral component of the 

Salish Sea ecosystem and any solution to the Chinook crisis affecting them should also be place-

based.  

 

Fisheries managers responsible for Chinook salmon and SRKW have ignored the significant 

harvest issues, perpetuated by hatcheries, that are responsible for a large part of the decline and 

failure for Chinook to rebuild (Gayeski et al. 2018).  

 

3. The role of Pinnipeds  

 

Canadian studies examining the consumption of Chinook by seals and sea lions since pinnipeds 

numbers have recovered to near historical levels in the last 20+ years, shows that Chinook 

salmon represent a small percentage of pinniped diet (less than 10% with a mean across all 

pinnipeds of 0 - 4.4%; DFO 2019). Juvenile, immature and mature salmon have many predators 

beyond pinnipeds including Humboldt squid, great blue herons and other piscivorous birds, 

harbour porpoise, Pacific white-sided dolphins, Pacific hake, river lamprey, salmon sharks, 

sturgeon, tuna, northern fur seals, and other Northeast Pacific Resident killer whales. 

Relationships that assume single lines between the abundance of prey and a specific predator 

oversimplify complex marine food webs. A proper appreciation of these food web dynamics and 

the extent of additive versus compensatory mortality that exists between pinnipeds and their 

salmon prey make it extremely difficult to predict how the system will react to removal of a 

predator. 

 

There is also a host of other factors that affect the rate at which salmon are preyed upon. A 2019 

workshop (Trites and Rosen ed.) identified the extent of kelp forests, habitat complexity, water 

temperature, stream water height and flow, man-made obstructions to fish passage (bridge, dam, 
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etc.), proximity to pinniped haul outs, alternative prey availability, fishing efforts, and hatchery 

fish as some of many factors that may be affecting predation. As such, beliefs that a pinniped 

cull would aid Chinook survival are not supported by available science. 

 

4. Harmonize U.S. vessel management measures with Canadian measures 

In the spring of 2019, Transport Canada issued an Interim Order prohibiting vessels from 

approaching any killer whale within 400 metres while in Canadian SRKW critical habitat. 

Transport Canada also entered into an agreement with identified members of the Pacific Whale 

Watch Association (PWWA) to avoid and not follow SRKWs.2 The Transport Canada agreement 

also enabled listed members of the PWWA to approach Transient/Biggs killer whales to 200 m. 

Preliminary reports of 2019 vessel compliance with the Order for SRKWs in Canadian waters 

indicate a good level of compliance and low number of commercial and private whale watch 

vessel interactions with SRKWs.   

 

5. Restore access to historical Chinook habitat.  

The rebuilding of wild runs in naturally flowing rivers throughout the historic geographical range 

of Chinook salmon is a necessary long term goal to give wild salmon the best possibility to 

recover their population structure, run timing, diversity and abundance. As such, the removal of 

the Snake River and other dams should be considered part of the long term recovery strategy. 

Benefits to the recruitment of affected Chinook populations and foraging SRKW would begin to 

accrue one or more Chinook generations (4+ years) after dam removal. These fish would be 

available for foraging from southwest Vancouver Island to California and within critical habitat 

in the Salish Sea.  

 

Conclusion 

U.S. government authorities have generally denied the risks of hatchery production to the 

preservation and recovery of wild Chinook salmon and excluded meaningful discussion of 

fisheries management issues that perpetuate the decline of wild Chinook salmon. This is a failure 

to openly and fully consider all factors leading to the current dire condition of the Southern 

Resident Killer Whale population. There is no credible scientific justification for this. Reductions 

                                                
2 See Appendix I “Sustainable Whale Watching Agreement to support the Recovery of Southern Resident Killer 
Whales”  
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of Chinook harvest are, with high probability, the most likely tangible action that can provide  

SRKWs with immediate relief from the major stresses that have been threatening the population 

with extinction for the past decade or more.  

 

Closing mixed-stock marine commercial and recreational fishing, and significantly reducing 

hatchery production are required now. Closing such fisheries will ensure they are managed to 

prioritize the returns of mature Chinook to SRKW foraging refuge areas. The longer this kind of 

action is postponed, the lower the likelihood that the decline of SRKW can be halted, much less 

reversed, and the more drastic harvest reductions and other remedial actions will have to be in 

order to have any chance of success. Absent the actions we advocate, we expect the state of 

SRKW to get worse, not better, and thus continue the declining trend in the coming few decades, 

if not sooner. 

 

Contacts for this submission are: 

 

Misty MacDuffee 
Wild Salmon Program Director 
Raincoast Conservation Foundation 
 
 
Nick Gayeski 
Aquatic Ecologist 
Wild Fish Conservancy 
 
 
Christianne Wilhelmson  
Executive Director  
Georgia Strait Alliance 
 
 
Michael Jasny 
Director, Marine Mammal Protection Project 
Natural Resources Defense Council 
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Appendix I 
 

 
 

SUSTAINABLE WHALE WATCHING AGREEMENT TO SUPPORT 
THE RECOVERY OF THE SOUTHERN RESIDENT KILLER WHALE 

 
  

 
 
Between: 
 

The Minister of Transport, responsible for the Department of Transport (TC) 
(Hereinafter referred to as the Minister) 

And 
 

The Membership of the Pacific Whale Watch Association, as represented by their 
Board of Directors 

(Hereinafter referred to as PWWA 
(Hereinafter referred to as the “Parties”) 

 
 
 
 
 
 

SUSTAINABLE WHALE WATCHING AGREEMENT TO SUPPORT THE 
RECOVERY OF THE SOUTHERN RESIDENT KILLER WHALE 
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PREAMBLE: 

A. Whereas the Southern Resident Killer Whale (SRKW) is a species which has been listed 
as Endangered under part 2, Schedule 1 of the federal Species at Risk Act, 2002 (SARA); 

 
B. And whereas Canada is committed to the long-term conservation, survival and recovery 

of aquatic species at risk to ensure the long-term viability of species and to enhance their 
survival in the wild; 
 

C. And whereas the Parties recognize that a key threat to the SRKW is acoustic and 
physical disturbance from vessels; 
 

D. And whereas on May 24, 2018 the Minister of Fisheries, Oceans and the Canadian Coast 
Guard and the Minister of Environment and Climate Change Canada, as the Minister 
responsible for Parks Canada Agency, as competent ministers for the SRKW announced 
that they were of the opinion that the SRKW population faced imminent threats to its 
survival and recovery; 

 
E. And whereas TC has jurisdiction over maritime traffic, has a mandate to promote 

efficient, environmentally responsible and safe transportation, and has a responsibility to 
address the environmental impacts of maritime transportation including the mitigation of 
acoustic and physical disturbance on endangered marine mammals; 

 
F. And whereas the PWWA is committed to education and conservation while advocating 

responsible whale watching, and is also committed to direct conservation, using their 
extraordinary access to these sensitive populations of marine mammals to help protect 
them for generations to come; 

 
G. And whereas the Parties wish to cooperate in the taking of measures to support the 

survival and recovery of the SRKW as aligned with the recovery goal and objectives in 
the Recovery Strategy and recovery measures in the Action Plan, as well as in any future 
recovery documents prepared in accordance with SARA legislative requirements; 

 
H. And whereas the critical habitat of SRKW is currently defined to include coastal waters 

off British Columbia; 
 

I. And whereas the Minister has issued an Interim Order prohibiting vessels from 
approaching within 400 metres of a killer whale within SRKW critical habitat; 
 

J. And whereas members of the PWWA have specialized knowledge and experience to 
determine whale ecotypes through observation of their behaviour, activity, and 
appearance;   
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K. And whereas the Minister may authorize a vessel, or a person operating or navigating a 
vessel, to approach to approach between 200m and 400m of a killer whale, other than a 
SRKW, for commercial whale-watching purposes, while within the critical habitat of the 
SRKW, if the person or vessel is subject to an agreement with the Minister related to 
whale watching and intended to reduce the risk of physical and acoustic disturbance to 
SRKW; 
 

L. And whereas the members of the PWWA are welcome to leverage this agreement to 
help educate and raise awareness among their clients of the plight of the SRKW and the 
reasons these actions are being taken. 
 

M. Now therefore, the Parties commit to the following: 
 
1. DEFINITIONS 

1.1. The following terms defined hereunder and used in this Agreement, when capitalized, 
will have the following meaning: 

1.1.1. “2019 season” refers to the months during 2019, specifically June 1st – October 
31st, when SRKW are expected to return to their critical habitat in increasing 
numbers. 

1.1.2. “Acoustic disturbance” means anthropogenic noise that interferes with SRKW 
life functions including feeding and foraging, reproduction, socializing, and resting, 
such that the marine environment cannot support effective acoustic social signaling 
and echolocation and results in loss of habitat availability and/or function 

1.1.3. “Best available information” includes relevant scientific, technical, navigational 
safety, operational, commercial and economic data, community and Indigenous 
traditional knowledge; 

1.1.4. “Effective Date” means the date of the last signature affixed to this Agreement; 
1.1.5. “Physical disturbance” means the physical presence and proximity of vessels to 

individual SRKW that impedes functions such as feeding, foraging, reproduction, 
socializing or resting, which may affect SRKW at both the individual and 
population level; 

1.1.6. “PWWA vessels” means a vessel operated by a Pacific Whale Watch Association 
member for the purposes of whale watching and ecotourism business.  

 
2. GOAL AND PURPOSE 

2.1. The goal of this agreement is to reduce the risk of physical and acoustic disturbance to 
Southern Resident killer whales from PWWA vessels for the 2019 season. 

2.2. The purposes of this agreement are to: 
2.2.1. Set out the specific commitments from PWWA that will assist in achieving the 

stated goal; 
2.2.2. Enable membership of the PWWA, including both Canadian and U.S. members, 

to fulfil the requirement of an agreement in order to receive authorization to 
approach between 200m and 400m of a killer whale, other than a SRKW, for 
commercial whale-watching purposes, while within the critical habitat of the 
SRKW; 
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2.2.3. Establish a mechanism for reporting and review with respect to PWWA 
commitments. 

 
 
3. PRINCIPLES 

3.1. The following principles will guide interpretation and implementation of this 
Agreement: 

3.1.1. Precaution: The efforts of the PWWA are being taken in recognition of the need 
to act in a precautionary manner given the status of the SRKW; 

3.1.2. Adaptation/Adaptive Management: The Parties recognize that monitoring the 
effectiveness of existing and future threat reduction measures to abate threats from 
PWWA vessels and adjusting approaches as necessary will be critical to success; 

3.1.3. Co-benefits: The Parties will seek opportunities to implement threat reduction 
measures for SRKW that may also offer co-benefits to other species at risk; 

3.1.4. Transparency: The Parties will make non-confidential information related to the 
development, implementation and monitoring of the Agreement and threat reduction 
measures publicly available subject to section 8.2 of this Agreement; and 

3.1.5. Engagement: The Parties will seek opportunities for bilateral engagement on the 
implementation of the agreement. 

 
4. INTERPRETATION 

4.1. The preamble hereof and any appendices hereto form an integral part of this Agreement. 
4.2. This Agreement is not intended to create any legally binding obligations, duties, 

commitments or liabilities (contractual or otherwise) on any of the parties. Nor does it 
create any new legal powers on the part of the Parties or affect in any way the powers, 
duties and functions of the Minister of Transport under the Canada Shipping Act, 2001, 
the Canada Marine Act, or any other federal legislation. 

 
 
5. MEASURES UNDERTAKEN FOR THE PROTECTION OF SRKW BY 

THE MEMBERSHIP OF THE PACIFIC WHALE WATCH 
ASSOCIATION 

5.1. The Parties acknowledge that: 
5.1.1. Recovery of the SRKW population will require an ecosystem approach applied on 

a long-term basis that takes into consideration all three main threats to SRKW and 
will require additional measures to those undertaken by the Parties pursuant to this 
Agreement;  

5.1.2. Other limiting factors that may affect SRKW survival and recovery are beyond 
the influence of the Parties, including but not limited to events occurring in SRKW 
critical habitat in US waters.  
 

5.2. In support of the goal set out in section 2.1 and subject to section 9.1, the PWWA and 
its members commit to: 

A) Continue to practice current PWWA guidelines, including travelling at no 
more than 7 knots when within 1 kilometre of a whale (all types), and turning 
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off sonar, depth sounders, fish finders and other underwater transducers when 
in the vicinity of a whale (all types); 

B) Focus whale watching tours on populations of Bigg’s killer whales 
(Transients), Northern Resident killer whales, Humpback, and other Baleen 
Whales, and will not intentionally offer, plan or promote excursions based on 
viewing of SRKW. When periodically encountering SRKW in the course of 
viewing other whales, PWWA vessels will focus on conservation and 
education of the SRKW, will not approach within 400 metres, will not follow 
SRKW, will continue following the go-slow-within-1km approach, and will 
continue transiting as soon as possible; 

C) Ensure to respect the Interim Sanctuary Zones, as established under the Interim 
Order, which shall not be entered; 

D) Carry any written authorization(s) received to approach between 200m and 
400m of a killer whale, other than a SRKW, for commercial whale-watching 
purposes, on board and produce it on request; 

E) Log (and report) any incidents involving unintentional approaches to within 
400 metres of SRKW, either observed or experienced. 

 
6. TERM, MODIFICATION, TERMINATION & RENEWAL 

6.1. This Agreement takes effect on the date of the last signature affixed to this Agreement 
(“Effective Date”). 
 

6.2. This Agreement remains in force for the duration of the 2019 season, unless terminated 
earlier by one of the Parties or the Parties mutually agree to modify or terminate it. 
 

6.3. The Agreement can only be modified by mutual consent of the Parties or their 
representatives. 

 

6.4. The Parties may renew this Agreement or any part of it, and its duration may be 
extended with the mutual written consent of the Parties prior to the expiration of this 
Agreement. 

 
7. GOVERNANCE  

7.1. Should a member of the PWWA be found in violation of this agreement or of the 
mandatory applicable approach distance(s), the PWWA executive is expected to take 
appropriate action to ensure that the integrity of the agreement is not jeopardized and 
inform Canada of their approach to addressing violations.  
 

7.2. The Minister retains discretion to suspend or revoke this agreement and revoke any 
authorization granted under the Interim Order, regardless of the action(s) taken by the 
PWWA with regard to addressing violations. 
 

7.3. Monthly update calls between PWWA leadership and TC, represented by the 
Environmental Policy Group, shall be held to share information, discuss any issues that 
have arisen, and identify any on-going challenges.  
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8. MONITORING, RECORD KEEPING & REPORTING 
8.1. The PWWA commits to providing the Minister with a list all its members along with 

the corporate address of their place of business, contact information and vessel 
information. The PWWA will ensure the list provided to the Minister is current. 
 

8.2. The PWWA commits members to monitoring and keeping records of the progress on 
actions identified within the Agreement, specifically the implementation of those 
committed to in subsection 5.2.  
 

8.3. By December 31, 2019, the Parties will review the Agreement against the agreed upon 
monitoring and record keeping and prepare and issue a report describing the 
implementation of measures undertaken as part of this Agreement.  
 

9. INFORMATION SHARING 
9.1. Each Party agrees, subject to any applicable data sharing agreements and legislative 

provisions that would prevent them from doing so, to provide the other Party access at 
no charge to available data and information relevant to the implementation of this 
Agreement. 
 

9.2. Some data and information may require confidentiality or may have been obtained with 
an understanding of confidentiality. Data and information so identified by a Party, or a 
collaborator in programs and activities related to this Agreement, will be held 
confidential by the Parties to the extent permitted by any relevant legislation and related 
policies, procedures, and agreements. 

 
10. DISPUTE RESOLUTION 

10.1. Where a dispute arises under this Agreement, the dispute shall be resolved through 
consultations between the Minister's representatives and representatives of PWWA. 
 

11. PARLIAMENT NOT FETTERED 
11.1. Nothing in this Agreement shall prohibit, restrict or affect the right or power of the 

Parliament of Canada to enact any laws whatsoever with respect to any area of law for which 
the Parliament of Canada has legislative jurisdiction, even if the enactment of any such law 
affects this Agreement, its interpretation or the obligations of either party. 
 

12. MINISTER NOT FETTERED 
12.1. Nothing in this Agreement shall derogate or otherwise fetter the ability of the Minister to 

regulate, administer, manage, or otherwise deal with the protection of the marine 
environment from adverse vessel effects and all attendant matters thereto. 
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13. SIGNATURES 
 
In witness whereof, the Parties have executed this Agreement. 
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 
 

Plaintiff, 
 

v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al, 
 

Defendants. 
 

 
Case No. 2:20-cv-00417-MLP  
 
DECLARATION OF DR. ROBERT 
LACY, Ph.D. 

 
 I, Robert Lacy, state and declare as follows; 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I received my B.A. and M.A. in Biology from Wesleyan University in 1977, 

where I graduated summa cum laude. I received my Ph.D. in Evolutionary Biology with minors 

in Genetics and Ecology from Cornell University in 1982. I serve on the faculty of the 

Committee on Evolutionary Biology at University of Chicago. I was a Conservation Scientist for 

the Chicago Zoological Society from 1985, until my recent retirement and appointment as a 

Conservation Scientist Emeritus. Although “retired” I still work actively with the Species 
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Conservation Toolkit Initiative, a team that develops, distributes, and supports software for 

species risk assessments and wildlife population management.  

3. My qualifications, including publications, is contained in my Curriculum Vitae, 

which is attached as Exhibit B to this declaration.  

4. I have been retained by Wild Fish Conservancy, through its counsel, to provide 

expert opinions in this matter on issues related to the Southern Resident Killer Whale population 

and the implications of the National Marine Fisheries Service’s (“NMFS”) conclusions in the 

Biological Opinion issued with regard to the 2019 Pacific Salmon Treaty. This declaration 

describes my opinions and the bases therefor. 

5. In addition to drawing upon my knowledge and expertise, I have reviewed the 

materials cited throughout this declaration and those identified in the list of cited materials 

attached to this declaration as Exhibit A in developing my opinions expressed herein. 

6. In summary, the opinions I express herein are as follows: 

a. Analyses conducted in 2015 projected that the Southern Resident Killer Whale 

population would decline slowly at a rate of about 0.2% per year if environmental 

conditions and the demographic responses to threats remained as they had been 

over the previous few decades. Updated analyses on the current population now 

project about a 1% annual decline, leading to eventual extinction of the 

population as demographic and genetic problems become worse with the ongoing 

decline in the breeding population. The numbers of Southern Resident Killer 

Whales increased from 1976 to a peak in 1993-1996, and has subsequently 

declined. The 2015 prediction of approximately zero population growth 

accurately reflected the lack of growth in numbers over the entire time period 
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from 1976 to 2020, while the more pessimistic current prediction accurately 

mirrors the 1% average annual decline that has occurred since 1993. Since 2014, 

the Southern Resident Killer Whale population has declined at an even faster rate 

of about 2% per year. Although the difference between a 0.2% annual decline and 

a 1% annual decline might not seem large, the cumulative effect of the faster rate 

of decline compounds to become considerable damage across the years. The 

following graph shows the mean projected number of Southern Resident Killer 

Whales, using the data from 2015 (upper, black line) and the mean projected 

number using the current (2020) data (lower, red line).  In 2015, we estimated a 

9% probability that the population would become functionally extinct with fewer 

than 30 animals within the next 100 years. With updates to reflect the current 

situation, I now estimate a 59% probability that the population will drop below 30 

animals sometime in the next 100 years, becoming functionally extinct.  
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b. The abundance of Chinook prey influences the reproductive rate and the survival 

rates of the Southern Resident Killer Whale. Analyses indicate that prey 

abundance is the factor that has the largest impact on Southern Resident Killer 

Whale population growth or decline. Using published estimates of the effect of 

prey abundance on demographic rates, we calculate that Chinook total abundance 

available as prey to the Southern Resident Killer Whale needs to increase by 

about 10% over the mean levels of the last few decades for the decline of the 

Southern Resident Killer Whale to be halted. Recovery of the Southern Resident 

Killer Whale population at the rate (2.3% growth) specified for delisting in the 

species’ Recovery Plan will require an increase in the Chinook prey abundance of 

about 35%.  

c.  The NMFS 2019 Biological Opinion (“2019 SEAK BiOp”) proposes several 

actions aimed at increasing the number of Chinook salmon available to the 

Southern Resident Killer Whales. The reduction in the Southeast Alaska salmon 

fishery of up to 7.5% in the 2019 Pacific Salmon Treaty relative to the preceding 

agreement, which is described in the 2019 SEAK BiOp, results in very little 

change in the Chinook available to the Southern Resident Killer Whales, and 

therefore would not have a measurable benefit for the endangered Southern 

Resident Killer Whale. 

d. A proposed hatchery expansion aims to increase Chinook available to the 

Southern Resident Killer Whales by 4-5%. That increase in prey can be estimated 

to reduce the annual rate of decline of the Southern Resident Killer Whale 

population from about 1% to about 0.5%, but this would not be sufficient to stop 
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the slide toward extinction. 

e. The benefits to the Southern Resident Killer Whales of other possible mitigation 

measures are not quantified in the 2019 SEAK BiOp, and those actions would 

need to amount to a further increase (above that achieved from the two above 

mentioned measures) of at least another 5% in the Chinook abundance available 

as prey to Southern Resident Killer Whales in order for me to predict that the 

decline of Southern Resident Killer Whales would stop. 

f. More aggressive management actions would be required to start the Southern 

Resident Killer Whale population on a reasonably secure path toward recovery or 

to meet NMFS’ annual population growth rate goal of 2.3%.  

7. My career has focused on building the capacity of the world to be much more 

effective in ensuring the long-term sustainability of species. I have done this via advancing the 

basic science that must underlie successful programs for sustaining species; providing the 

accessible tools to enable others to apply the science to species assessments, conservation 

planning, and population management; training students and colleagues in the use of the tools; 

and – when necessary – doing the analyses that inform and guide conservation for individual 

species. 

8. Over my career I have developed, freely distributed, and supported software tools 

for guiding species conservation and population management. My approach has always been to 

provide tools for powerful and flexible analyses, within user interfaces that are accessible to 

wildlife managers, students, and others who might not have expertise with computer languages 

and systems. Consequently, the tools are now used globally to guide population management in 

nature reserves and zoos, viability analyses and recovery planning by wildlife agencies, and 
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integrated assessment of threats to species. The software is used also to teach students about 

population biology and conservation in many universities. 

Population Viability Analysis 

9. Population viability analysis (PVA) is a class of scientific techniques that uses 

demographic modeling to assess risks to wildlife populations and evaluate the likely efficacy of 

protection, recovery, or restoration options (Shaffer 1990; Boyce 1992; Burgman et al. 1993; 

Sjögren-Gulve and Ebenhard 2000; Beissinger and McCullough 2002; Morris and Doak 2002). 

(All references cited in this Declaration are listed in Exhibit A.) PVA usually starts with standard 

demographic analysis (“life table analysis”) to make deterministic projections of the expected 

population growth rate from the mean birth and death rates (Ricklefs 1990; Caswell 2001). PVA 

then extends the standard demographic projections in two important ways: (1) the impacts of 

forces external to the population (e.g., changing habitat quality, extent, and configuration; 

interactions with other species in the community; impacts of disease or contaminants; harvest, 

incidental killing, or other direct human impacts) on the demographic rates are explicitly 

considered and evaluated, and (2) uncertainty in the population trajectory caused by intrinsic 

(e.g., demographic stochasticity, limitations in local mate availability or other density dependent 

feedbacks, inbreeding impacts) and extrinsic (e.g., environmental variation, occasional 

catastrophes) factors can be explicitly modeled, usually through the use of simulation modeling. 

The outputs of PVA include any desired measure of population performance, but commonly 

assessed metrics include projected mean population size (N) over time, population growth rates 

(r), expected annual fluctuations in both N and r, probability of population extinction, and 

probabilities of quasi-extinction (the likelihood of N falling below any specified number within a 

specific number of years). These outputs are used to assess risk (e.g., for listing under the 
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Endangered Species Act or other protective regulations), assess vulnerability to possible threats, 

determine sustainable harvest in the context of uncertainty, and determine the suites of actions 

that would be needed to achieve stated resource protection or restoration goals. 

10.  A requirement for any PVA model to provide sufficiently accurate and robust 

projections to allow estimation of population performance is the availability of detailed 

demographic data. Model input is required from the focal population or comparable reference 

populations for mortality rates, aspects of reproduction (e.g., age of breeding, age of reproductive 

senescence, inter-birth intervals, and infant survival), population size, and habitat carrying 

capacity – as well as the natural fluctuations in these rates. The difficulty in obtaining sufficient 

demographic data on endangered or protected species is a common challenge to the usefulness of 

PVA models, and many practitioners consequently recommend that PVA models be used only to 

provide assessments of relative risk and relative value of management options, rather than 

absolute measures of population trajectories. In the case of the Southern Resident Killer Whale 

population, however, demographic data are available from studies by the Center for Whale 

Research and others that are unprecedented in duration and detail of data collection. This 

exceptional data set provides a complete census of the total abundance as well as the age and sex 

composition of the Southern Resident Killer Whale population from 1976 to 2020. This allows 

for much more accurate projections of population performance and the ability to compare 

predicted trajectories to the precisely documented fate of the population. 

11. PVA models were developed initially for quantifying future risk to populations 

that are vulnerable to collapse due to a combination of threatening processes (Shaffer 1990). 

They were soon recognized to be more reliable for assessing relative risk than absolute 

probabilities of decline or extinction (Beissinger and McCullough 2002; but see Brook et al. 
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2000 for evidence that even absolute predictions of population trends can be accurate), and have 

become most useful in the identification of conservation actions that are most likely to achieve 

conservation goals (Sjögren-Gulve and Ebenhard 2000). The same methods can be used to 

quantify injury caused by an externally imposed stress, by comparing measures of population 

performance in the presence vs. absence of the stress, and to determine what actions would be 

needed to reverse the impact, restore the population to pre-injury health, and compensate for 

interim losses. The PVA forecasts can then be used to set the targets for expected performance 

under proposed restoration plans. 

12. The Vortex PVA model that I developed (Lacy and Pollak 2020) is what is known 

as an individual-based model that projects the fate of each individual in a population. It simulates 

the effects of both deterministic forces and demographic, environmental and genetic stochastic 

(or random) events on wildlife populations. Vortex models population dynamics as sequential 

events that are determined for each individual in a population with probabilities determined from 

user-specified distributions. Vortex simulates a population by stepping through a series of events 

that describe an annual cycle of a sexually reproducing  organism: mate selection, reproduction, 

mortality, dispersal, incrementing of age by one year, any managed removals from, or 

supplementation to, the populations, and limitation of the total population size (habitat “carrying 

capacity”). The simulations are iterated to generate the distribution of fates that the population 

might experience. Vortex tracks the sex, age, and parentage of each individual in the population 

as demographic events (birth, sex determination, mating, dispersal, and death) are simulated. A 

detailed description of the program structure is provided in Lacy (1993; 2000) and details about 

the use of Vortex are provided in the manual (Lacy et al. 2020).  

13. The Vortex PVA modeling software is well-suited for the analyses of threats to 
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the Southern Resident Killer Whale population, as Vortex is the most widely used, tested, and 

validated individual-based PVA model, and it is publicly accessible so that anyone can re-

examine and repeat published analyses. It is highly flexible in allowing all input demographic 

parameters to be specified optionally as functions of external forces or as rates that change over 

time. Vortex has been used for modeling population dynamics of various marine mammal 

species (including bottlenose dolphins, Indo-Pacific bottlenose dolphins, baiji, manatees, 

dugongs, Hawaiian monk seals, and Mediterranean monk seals), as well as thousands of other 

species. Vortex has been shown to produce projections that accurately forecast dynamics of well-

studied populations (Brook et al. 2000). Both NMFS in its 2019 SEAK BiOp (e.g., pp. 86, 90, 

311) and Fisheries and Oceans Canada (Murray et al. 2019, e.g., pp. 3-5, 30, 33, 44, 62) have 

relied on analyses completed with Vortex for assessing the status of the Southern Resident Killer 

Whales.  

Southern Resident Killer Whales 

14. In 2015, at the request of Canada’s National Energy Board (“NEB”), I led a team 

of six scientists conducting a PVA of the risk associated with aspects of the proposed Trans 

Mountain Expansion Project (Project) on the endangered Southern Resident Killer Whales. In 

that analysis, the PVA model was used to estimate the increased risk to the Southern Resident 

Killer Whales from three threats associated with the marine shipping component of the Project: 

an oil spill, increased acoustic and physical disturbance from ships, and ship strikes. The report 

also examined the possible effects of decreased Chinook salmon prey base that might result from 

climate change or human activities, and evaluated those impacts in comparison to the more 

immediate threats of the proposed Project and as the environmental context within which the 

impacts of the Project are likely to occur. The report to NEB (Lacy et al. 2015), including 
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detailed descriptions of the methods and the data used in the PVA, is publicly available at 

http://docs.neb-one.gc.ca/fetch.asp?language=E&ID=A4L9G2. The analyses were extended and 

published in a peer-reviewed scientific paper (Lacy et al. 2017). Further updating of analyses 

using demographic data on the population through 2018 (Lacy et al. 2018) was submitted to 

NEB and is available at https://apps.cer-rec.gc.ca/REGDOCS/Search?txthl=A96429-

3%20A%20-%20Expert%20Report%20of%20Lacy%20et%20al%20-%202018%20-

%20Final%20-%20A6L5R2. 

15. As of 2015 and 2017, based on status quo conditions, we projected the Southern 

Resident Killer Whale population would remain about at its current size or continue a very slow 

decline (estimated at a mean annual decline of 0.2%). We projected a 9% chance of quasi-

extinction within the next 100 years, where the population falls below 30 whales and is no longer 

viable. 

16. I have now updated the PVA model again, using fecundity and survival rates 

calculated from the detailed records from 1976 through 2018 and applying those rates to the 

current population of 72 Southern Resident Killer Whales. The following graph shows the mean 

projected population size (heavier, middle line) and the uncertainty in the trajectory (upper and 

lower lines showing + 1 standard deviation among independent repeated simulations of the 

population).  
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17. With current data, and if the Chinook availability remains at the mean level of the 

past few decades, the model projects a mean annual decline in the population of Southern 

Resident Killer Whales of about 1.0%. This is close to what has been occurring recently, and it 

compares to our 2018 projection of a smaller decline of 0.6% per year (Lacy et al. 2018). About 

half of difference between the 2018 and 2020 projections is due to the fact that the population is 

aging (with the mean age of living whales now just over 22 years, whereas it was just over 21 

years in 2018), and more animals are now post-reproductive or nearing post-reproductive age. 

The other half of the difference is due to the fact that we now have parentage data for more of the 

animals, and that allows us to have more complete estimates of kinships among animals, and that 

in turn leads to slightly higher estimates of current and future inbreeding. 

18. For our model, we obtained estimates of the impact of Chinook prey abundance 

on the reproductive rates and survival rates of the Southern Resident Killer Whales from 

published scientific reports (Ward et al. 2009; Velez-Espino et al. 2015; Ford et al. 2010). We 
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scaled the numerical relationships so that the mean demographic rates observed in the Southern 

Resident Killer Whales from 1976 through 2015 were correctly predicted. (The details of the 

methodology are documented in Lacy et al. 2015 and Lacy et al. 2017 publications.) We then use 

these relationships to project the Southern Resident Killer Whale population trajectory in several 

scenarios that tested the impact of prey availability, expressed as a percent change in the annual 

abundance of Chinook salmon available as prey to the Southern Resident Killer Whales from the 

mean level over the last three decades.  

19. The abundance of Chinook varies over time, and that variation in prey can be 

entered into the PVA model. However, as documented in the 2019 SEAK BiOp, the extent of 

that variation is very dependent on which stocks of Chinook are assessed, and it is not known 

precisely what proportion of the Southern Resident Killer Whale diet is composed of salmon 

from each stock. I examined the model projections with the Chinook abundance varying 

randomly across years around the long-term mean values being tested. I found that such an 

elaboration of the model had very little effect on the long-term projections for the Southern 

Resident Killer Whale population. This occurs because killer whales are very long-lived and 

slow breeders, so year to year fluctuations in demography will average out over their lifespans.  

Therefore, as was done in our prior PVA reports, the results from analyses presented in this 

declaration assume that the abundance of Chinook is at a fixed level each year and does not vary 

randomly around that value.  

20. Also included in the model are the current estimates of both PCBs and noise 

disturbance, based on published estimates of the current magnitudes and effects of these threats 

(Hall et al. 2011; Hall and Williams 2015; Lusseau et al. 2009). These threats are part of the 

current environment for the Southern Resident Killer Whale, and they interact with the effect of 
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prey limitation. (The documented impact of noise disturbance is via a reduction in time that the 

Southern Resident Killer Whales spend feeding. The primary impact of PCBs is on survival of 

calves, compounding the reduction in survival that occurs with low prey availability.) Only with 

these effects of PCB and noise disturbance in the model do we accurately predict the recent 

observed rate of decline of the population. However, even if these other threats were completely 

eliminated—which is not possible in the near term and unlikely in the long term—our modeling 

shows that there would not be adequate prey available to achieve the population growth goal 

established in the Recovery Plan for the Southern Resident Killer Whale (Lacy et al. 2017).  

21. By applying the published relationships of Southern Resident Killer Whale 

reproductive and survival rates to Chinook abundance, and then testing the benefits to Southern 

Resident Killer Whales of incremental improvements in the abundance of Chinook prey, the 

model shows that to achieve a mean zero population growth (i.e., to stop the decline), there 

would need to be a sustained 10% increase (relative to the 1976-2015 average) in the mean 

abundance of the Chinook stocks available as prey to the Southern Resident Killer Whales.  

22. The analyses conducted in 2015, 2017, and 2018 estimated that a 30% increase in 

Chinook could achieve the 2.3% growth called for in the Southern Resident Killer Whale 

Recovery Plan. With the further decline that has occurred in the population in the last few years, 

our analysis of the 2020 population now projects that a 30% increase in Chinook would result in 

about 2% growth per year, and a 35% increase in prey would be necessary to meet the recovery 

goal. The graph below shows the expected Southern Resident Killer Whale population growth 

across a range of levels of Chinook abundance. The two horizontal lines indicate zero population 

growth and the 2.3% growth goal of the Recovery Plan. 
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NMFS’ Biological Opinion and Impact on Southern Resident Killer Whale Population 

23. I was provided with NMFS’ 2019 SEAK BiOp for Southeast Alaska salmon 

fisheries at issue in this matter. I reviewed it closely. In the 2019 SEAK BiOp, NMFS 

acknowledges that the Southern Resident Killer Whale population is declining, and that is at 

least partly and maybe mostly due to inadequate prey availability. The 2019 SEAK BiOp cites 

my previous work (p. 311) as evidence that the biggest threat is that lack of prey, although other 

factors such as noise, PCBs, oil spills, and other environmental factors all make things worse.  

24. In several places, and in various ways, the 2019 SEAK BiOp estimates the 

reduction in prey available for Southern Resident Killer Whales caused by the Southeast Alaska 

fisheries (e.g., Tables 41, 42, and 97) as between 2-15% in coastal fisheries and 1-2% in inland 

fisheries. However, there is significant uncertainty depending on which salmon stocks and for 

which years the calculations are based. Importantly, the BiOp does not explain how the various 

percentage reductions mentioned translate to corresponding changes in the total mean abundance 

of Chinook that provide potential prey for Southern Resident Killer Whales, which is what is 
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required for accurate projections of the benefits expected from reductions in the fisheries. The 

2019 SEAK BiOp directly states (p. 94) “the impact of reduced Chinook salmon harvest on 

future availability of Chinook salmon to the Southern Residents is not clear.” 

25. The 2019 SEAK BiOp also discusses possible mitigation measures, which could 

increase the prey availability for Southern Resident Killer Whales. The 2019 SEAK BiOp 

estimates the newly negotiated 2019 Pacific Salmon Treaty will reduce the Southeast Alaska 

fishery annual harvest of Chinook by up to 7.5% relative to the harvest under the 2009 Treaty. A 

proposed increase in hatchery production mitigation seeks to provide 4 to 5% increase in prey 

available to the Southern Resident Killer Whales. The increase in hatchery production is not yet 

funded, so I would expect a delay of at least 5 to 10 years to account for allocation of funds, 

construction of any new facilities, increased programs of production, and then return of hatchery 

raised Chinook as mature adults.   

26. I applied these estimates from the 2019 SEAK BiOp to the Vortex PVA model, in 

order to project the consequences of the possible scenarios described in the 2019 SEAK BiOp. 

The estimated 7.5% (maximum) reduction in the Southeast Alaska fishery, applied to a typical 

6% reduction in prey available to the Southern Resident Killer Whales caused by the Southeast 

Alaska fishery as a whole (the 6% being an approximate middle value from the many estimates 

made in the BiOp), results in a less than 0.5% increase in the Southern Resident Killer Whale 

prey. This is only 1/20th of the 10% increase that is needed to achieve even a cessation of the 

decline in Southern Resident Killer Whale population.  
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27. To estimate the possible reductions in threats to the Southern Resident Killer 

Whale that might be achieved with greater reductions in the Chinook fisheries, I projected a 

Southern Resident Killer Whale population growth with an immediate 6% increase in Chinook 

prey, and a 3% and a 12% increase in prey (half and double the middle estimate, covering most 

of the range of values reported in the 2019 SEAK BiOp for specific stocks and years). As shown 

in the following graph, with the existing baseline in blue (bottom line), the PVA projections for 

these scenarios show that the 3% increase in Chinook results in a mean 0.7% decline in Southern 

Resident Killer Whale population per year (green line), the 6% increase in Chinook results in a 

mean 0.4% decline of the Southern Resident Killer Whale population (purple line), and the 12% 

increase results in 0.3% positive growth annually (top, black line). 

28. The impacts on Southern Resident Killer Whales of other estimates of prey 

increases that could be achieved by reductions in the fisheries can be extrapolated from the 

projections of Southern Resident Killer Whale population growth across a range of levels of 

Chinook abundance, as shown in the graph in paragraph 22, above. 
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29. I projected the benefits to the Southern Residents of possible (but not yet funded) 

hatchery projects assuming a 5% increase in Chinook, beginning either 5 years or 10 years in the 

future. With either time scale for implementation and return of the hatchery-produced Chinook, 

the mean long-term consequence is a slowing of the decline in Southern Resident Killer Whales 

from 1.0% to 0.5% per year; therefore, not enough improvement to completely halt the decline. 

The difference between a 5-year delay and a 10-year delay in enhancement is that by year 10, the 

slower implementation will result in the Southern Resident Killer Whale population having 

declined by about 2 more whales before the improvement can begin to take effect. The following 

graph shows the projections if the mitigation measures achieve a 5% increase in Chinook (as 

estimated from the proposed hatchery expansion) instantly (top, blue line), after 5 years (middle, 

orange line), or after 10 years (bottom, red line). As this graph plainly demonstrates, delays in 

implementation of these theoretical mitigation measures have a very real and lasting impact on 

the Southern Resident population. Notably, it also shows that the proposed measure – even if 

implemented immediately – is not enough to stop the decline of Southern Residents.  
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30. Combining the actions of reducing the Southeast Alaska Chinook fishery and 

increasing abundance to the Southern Resident Killer Whale of hatchery-raised Chinook, and 

possibly other mitigating actions as well (such as additional reductions in additional fisheries 

managed under the Pacific Salmon Treaty), could achieve the 10% increase in prey necessary for 

stabilization of the Southern Resident Killer Whale population or even greater increases in prey 

that would allow for recovery of the Southern Resident Killer Whales. Importantly, however, 

none of the scenarios proposed in the 2019 SEAK BiOp are projected to achieve this 10% 

increase in prey abundance. The analyses described above in paragraph 22 document the long-

term growth in the Southern Resident Killer Whale population that could be achieved if Chinook 

abundance is increased by 35% above the mean levels of the last three decades.  

31. Implementing mitigation measures, however, will likely require time. To examine 

responses of the Southern Resident Killer Whale population to delayed implementation, I tested 

models with increases in the prey abundance starting either 5 years or 10 years from now. The 

following graph shows the mean projected Southern Resident Killer Whale population size when 

a 10% increase in Chinook is implemented immediately (top, blue line), after 5 years (middle, 

orange line), or after 10 years (bottom, red line). The long-term population growth rates after 

implementation again show that a 10% increase in prey is needed to stop the decline of Southern 

Resident Killer Whales. However, before that positive result is achieved, the population will 

have lost 4 whales if implementation takes 5 years, or 8 whales if implementation takes 10 years, 

relative to the expected population size if the increase in prey were achieved immediately. With 

positive growth of Southern Resident Killer Whale numbers after implementation of sufficient 

mitigation measures, a delay in implementation results in a loss of the potential initial years of 

recovery, and that lack of growth for those initial years leaves the population at a deficit in 
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numbers throughout the subsequent recovery compared to what could have been. A 20% increase 

in Chinook allows for a long-term population growth of about 1% annually, but a delay of 5 or 

10 years results in a loss of 8 or 16 whales before the growth begins, respectively, relative to the 

expected population size if growth had started in 2020. 

32. In summary, although the 2019 SEAK BiOp does not provide management targets 

for slowing, stopping, or reversing the decline of the Southern Resident Killer Whale population, 

and it does not give specific estimates of the benefits to the Southern Resident Killer Whales of 

the proposed mitigation measures, for the above analyses I extracted from the 2019 SEAK BiOp 

what I could regarding the expected benefits of proposed actions. The 2019 SEAK BiOp 

provides various estimates of changes to Chinook stocks that might be expected from two of the 

mitigation measures – a reduction in the Southeast Alaska Chinook fishery as specified in the 

2019 Pacific Salmon Treaty, and a proposed hatchery expansion – and it mentions other possible 

actions, such as habitat improvements, for which there is no quantification of expected results. 

Only if the additional, as yet unquantified, mitigation measures can boost Chinook abundance by 
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another 5%, would the combined effect of the proposed actions yield the 10% increase in 

Chinook that is necessary to halt the decline of the Southern Resident Killer Whales. The 

following graph summarizes the expected trajectory of the Southern Resident Killer Whale 

population if no changes are made from current conditions (bottom, red line), if a 0.5% increase 

in overall Chinook available to Southern Resident Killer Whales is produced by the reduced 

Chinook harvest in the 2019 Pacific Salmon Treaty (black line), if a 5% increase in Chinook is 

achieved by the hatchery mitigation (orange line), or if sufficient actions can be taken to achieve 

a 10% increase in Chinook (top, green line).  

Conclusions 

33. Based on previously published analyses, the results of updated models, my 

professional experience, and the information contained in the 2019 SEAK BiOp, I make the 

following conclusions with a reasonable degree of certainty: 
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a. The Southern Resident Killer Whale population is in decline, and the projected 

status has deteriorated in just the past few years. The PVA models, using the latest 

available data on the current numbers, reproduction, and survival, project 

accurately the recent population changes. 

b. The abundance of Chinook salmon prey available to the Southern Resident Killer 

Whales is a critical determinant of Southern Resident Killer Whale reproductive 

success and survival. 

c. The mean Chinook abundance over recent years is not enough to allow 

reproduction by the Southern Resident Killer Whales sufficient to offset 

mortalities. An increase of about 10% in Chinook abundance would be required to 

stop the decline of Southern Resident Killer Whales, and an increase of about 

35% in Chinook abundance would be required to achieve the healthy population 

growth rate of 2.3% that is the stated goal in the Southern Resident Killer Whale 

Recovery Plan. 

d. The proposed mitigation measures in the 2019 SEAK BiOp have not been shown 

to be adequate to protect the future of the Southern Resident Killer Whale 

population – a short-coming that is admitted even within the 2019 SEAK BiOp. 

The quantitative estimates made in the 2019 SEAK BiOp would account for, at 

best and after full implementation, a reduction of half in the rate of decline in 

numbers of Southern Resident Killer Whales.  

e.  Full closure of the Southeast Alaska Chinook fishery, especially if combined 

with other mitigation measures, could result in enough prey to sustain a growing 

population of Southern Resident Killer Whales. Further enhancement measures 
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would be required to achieve the recovery goals set in the Recovery Plan for the 

Southern Resident Killer Whale. The last graph, below, shows projected Southern 

Resident Killer Whale numbers under current environmental conditions and 

management (bottom, red line), with the 5% increase in Chinook prey after 5 

years, projected to result from the proposed hatchery enhancements (orange line), 

with a 6% increase in Chinook prey as might be achieved if the Southeast Alaska 

Chinook fishery is immediately closed (black line), with both the proposed 

hatchery project plus an additional 6% increase in Chinook abundance (blue line), 

or if a 12% increase in prey is achieved by the closure of the Southeast Alaska 

Chinook fishery (top, green line). The amount of increase in Chinook abundance 

as a result of reductions or closure of fishery harvests and other measures is 

uncertain, so responses of both the Chinook abundance and then the Southern 

Resident Killer Whale demography should be monitored closely, with adaptive 

management adjusting mitigation and enhancement measures as needed. 
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November 30, 2020 
 
Washington Department of Fish & Wildlife 

PO Box 43200, Olympia,  

WA 98504-3200 

 

Re: Submission on commercial licensing program to Washington Department of Fish & Wildlife 

 

Submitted via the comment portal: https://www.surveymonkey.com/r/cwwrules 

 

Dear Commissioners, 

 

Earlier in 2020, the Raincoast Conservation Foundation, Wild Fish Conservancy and Georgia Strait 

Alliance submitted comments on commercial viewing of Southern Resident killer whales in the Salish 

Sea.  These comments summarized the state of knowledge as it relates to population consequences of 

vessel disturbance on these whales. It also included a 2020 analysis of SRKW population viability, recent 

findings on the interactions of vessels and prey from Fisheries & Oceans Canada (Murray et al. 2019), 

and the potential for threat reductions measures to halt the decline of SRKWs and initiate their 

recovery. Our submission also provided a perspective on why regulators need to take a very cautionary 

approach in the absence of thresholds for stressors that are known to cause harm.  

Importance of cumulative effects 

Our earlier submission conveyed the relevant findings of Murray et al. (2019), which modelled 

population projections in light of cumulative effects. Importantly, the impacts of individual and 

cumulative threat scenarios on SRKW were compared with the observed population trajectory between 

2000 - 2017 in order to identify a model that best captured their true dynamics. When examining 

threats individually (Chinook salmon abundance, vessel noise/presence, and PCB contamination), the 

model could not replicate the observed population trajectory. However, when the threats were 

considered together, the model output closely replicated the observed population trend. The same 

applied for Northern Resident killer whales. The finding underscores the role and importance of needing 

to address all threats facing the whales, not just prey.  Threats must be addressed cumulatively.   

  

Declining viability and recovery potential 

In 2020, Dr. Bob Lacy of the Chicago Zoological Society, whose model and expertise were fundamental in 

the several SRKW Population Viability Analysis (Lacy et al. 2015, Lacy et al. 2017, Murray et al. 2019), 
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worked with the Wild Fish Conservancy to update the model based on the population demographics of 

72 whales in early 2020. Dr. Lacy’s analysis found an increase in the annual rate of decline to 1% and an 

increase in the probability of functional extinction (<30 individuals within 100 years) from 9% in 2015 to 

59% in 2020. With each year that threat reduction and recovery efforts are delayed, we lose the 

reproductive capacity and recovery potential of these whales. 

 

Canadian measures to reduce small vessel noise and disturbance on Southern Residents  

In 2019 and 2020, the Canadian federal government implemented a series of threat reduction measures 

for Southern Residents to reduce stressors while in their critical habitat.  These initiatives were designed 

to reduce the vessel noise, vessel disturbance, and immediate competition from recreational fishing 

vessels.  The legally enforceable measures for (non-shipping) commercial and recreation vessels 

included: 

• Increased the no-go /minimum vessel distance for killer whales to 400m  

• No directed commercial whale watching on Southern Residents.  An agreement was signed 

between the Pacific Whale Watching Association and Transport Canada to not follow, or offer 

directed viewing on Southern Residents. This agreement allows PWWA boats to stop 400m 

away if encountering SRKW, identify them, discuss them, but not to approach or follow them.  

• Sanctuary zones implemented in priority feeding areas in the Gulf Islands (Pender and Saturna) 

and Swiftsure Bank, where no vessel transit is permitted, Spring through Fall. 

• No recreational or commercial salmon fishing within identified priority feeding areas in the Gulf 

Islands, Juan de Fuca and Swiftsure Bank once fishing is opened for the season (different times 

exist). 

 

These and other measures, such as the commercial shipping slowdowns through Haro Strait and 

Boundary Pass, and Chinook fishing restrictions though Southern and Northern BC, have been in place in 

Canada for two years.  While it is hard to link these threat reduction measures with the population or 

individual health of whales, preliminary indications from photogrammetry, along with two new calves 

and pregnancies within the three pods, would indicate that whales may be doing slightly better in 2020 

than in previous years.  While it is very early to infer improvement, these are encouraging signs.  As 

such, it is imperative that the feeding, communication, breeding, traveling, and social conditions for 

these calves, pregnant females, and all females with offspring, be maximised through every possible 

means when it comes to noise, disturbance and approaches of vessels. 

 

Recommendations 

We recommend that WDFW implement a modified version of Option A that would further restrict close 

proximity access and following of Southern Residents. While we understand that Option A & B are 

designed to provide the commercial whale watching industry with some opportunities to follow these 

whales, there is no economic reason to do so.   

 

The US study by Industrial Economics (2020) found that with only 10% of viewing conducted on SRKWs, 

these whales are not necessary for economic viability.  More importantly, the findings from Canada 
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based on actual economic results in 2019 showed that despite Canada’s closure of commercial viewing 

on SRKWs in its 2019 season, the Canadian based PWWA members experienced a 7.6 percent increase 

in ridership above 2018 levels.  

 

While option A is preferred above B, neither option gives the whales the necessary protection they 

require, especially when the survival of current calves and pregnancies is so paramount. Any option that 

allows intentional disturbance is unjustified especially when there is no economic need to do so. 

 

A second benefit from restricting commercial follows of SRKW is the harmonization of regulations with 

Canada. In 2020, Canadian whale watch companies restricted from following Southern Residents in 

Canada simply crossed the border where they followed them in US waters.  Aligning regulations would 

benefit whales and be consistent for PWWA companies operating on both sides of the border. 

 
We thank you for your consideration of our perspective and these comments.  We also appreciate the 
important role that WDFW are playing in the threat reduction measures for Southern Residents. 
 
 
Sincerely, 
 

 
 
 
Misty MacDuffee 
Wild Salmon Program Director 
Raincoast Conservation Foundation 
 
 

 
Kurt Beardslee 
Executive Director 
Wild Fish Conservancy 
 
 

 
 

Christianne Wilhelmson 
Executive Director 
Georgia Strait Alliance 
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Case No. 2:20-cv-00417-RAJ-MLP 
 
DECLARATION OF GORDON 
LUIKART, Ph.D. 

I, Gordon Luikart, declare the following to which I am competent to testify under penalty 

of perjury of the laws of the United States: 

1. I have been retained by Plaintiff Wild Fish Conservancy in this matter to evaluate 

the National Marine Fisheries Service’s (“NMFS”) proposal to increase hatchery production of 

Chinook salmon in Puget Sound, the Columbia River, and on the Washington Coast in an effort 

to compensate for impacts to the Southern Resident Killer Whale resulting from salmon harvests 
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in Southeast Alaska; specifically, I have been asked to provide expert opinions on the potential 

genetic consequences to wild Chinook salmon from NMFS’s proposal. 

2. My current address is 41229 Haystack Mountain Lane, Polson, Montana 59860. I 

have been retained to provide expert testimony on salmonid genetics by Plaintiff Wild Fish 

Conservancy in this matter. 

PROFESSIONAL QUALIFICATIONS 

3. I have more than 30 years of professional experience researching and teaching at 

the university level. Since 2000, I have specialized in research and teaching in the areas of 

animal conservation, ecology, and population genetics/genomics. 

4. From 1997-2000, I was a postdoctoral researcher in Europe working on large 

(five-country) animal domestication and genetics projects funded by the European Union and 

also NSF-NATO. I received a Ph.D. in Organismal Biology and Ecology in 1997 and an M.S. in 

Zoology in 1992, both from the University of Montana (but including a year in Australia on a 

Fulbright fellowship). I received a Bachelor of Science degree in Biology from Iowa State 

University in 1988, with a minor in Animal Ecology. 

5. Between 2005 and 2010 I have spent part of each year researching and teaching as 

a visiting professor and senior research scientist with the Center for Investigation of Biodiversity 

and Genetic Resources at the University of Porto, in Portugal. For the last ten years, I have spent 

the majority of each year researching and teaching as a professor at the University of Montana’s 

Flathead Lake Biological Station. Courses I teach include advanced graduate level and 

undergraduate level wildlife genetics/genomics classes, and conservation ecology. 

6. I have conducted genetic research on fish and wildlife populations in several 

different countries in addition to the United States and Portugal, including in Australia as a 

Fulbright Fellow, and in France as a government scientist where I won the bronze medal as a top 

researcher with the Centre National de la Recherche Scientifique. I have conducted research on a 
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wide range of species, including goats and other ungulates, carnivores, fish, mussels, stoneflies, 

and other aquatic species. 

7. My research and teaching embrace various topics related to animal 

genetics/genomics, including disease-diagnostics and transmission (via pathogen DNA testing), 

population genetic modeling, captive and domesticated populations (including adaptation to 

captivity), endangered and threatened species recovery, local adaptation, population size and 

structure, effects of gene flow and hybridization (introgression) on individual fitness and 

adaptation, and monitoring of the genetically effective population size and the effective number 

of breeders using genetic markers in natural and managed populations. 

8. I have conducted numerous research investigations on these subjects. Serving as a 

principal or co-principal investigator on more than 40 scientific research projects, my work has 

produced chapters in six books, all relating to wildlife population genetics (one on animal 

domestication), and over 100 scientific papers in peer-reviewed international journals; and I co-

authored a major text in 2007 on conservation genetics (the second edition of this book was 

published in 2013 and the third edition commissioned for 2021; it contains continually-updated 

sections directly relevant to salmon hatcheries and introgression effects on fitness and the 

effective population size of wild stocks). In 2014 (and again in 2015-2018), I was recognized as 

“one of the world’s most influential scientific minds” by Thomson Reuters, for publishing many 

highly-cited over the past decade. 

9. My recent research projects involved developing computer program simulators to 

model landscape-level gene flow for aquatic species in complex river systems, and peer-

reviewed publications on RNA and DNA sequencing in trout and in wild and domestic 

populations (including testing for adaptation to hatchery environments, and development of 

novel estimators of introgression (hybridization) and also of the number of breeders (spawners 

per year) from genetic marker data). 

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 3 of 42

2-SER-571

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 271 of 300
(575 of 992)



 

 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 
(503) 841-6515 

LUIKART DECLARATION - 6 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

10. My scholarship includes service on the editorial board of the journal 

Environmental DNA and Conservation Biology, and as an associate editor for both Molecular 

Ecology Resources and the Journal of Heredity. 

11. In have served as an advisor for the Swan Ecosystem Center Native Fish 

Committee and I have been a member of the American Fisheries Society, the Ecological Society 

of America, the Society for Conservation Biology, the Society for the Study of Evolution, the 

Wildlife Disease Association, and the Wildlife Society. 

12. Attached hereto as Exhibit 1 is my curriculum vitae, which includes a list of all 

peer-reviewed publications I have authored since 1996. 

13. I have substantial familiarity with the genetics of animal domestication, 

adaptation to captivity (e.g., hatchery environments), the effects of gene flow and introgression 

on fitness and population persistence in fish and wildlife, local adaptation in salmonids, and 

statistical and molecular empirical genomics. 

14. I have not testified as an expert at trial during the last four years. I have testified 

by deposition as an expert in the following cases: McKenzie Flyfishers, et al. v. McIntosh, et al., 

D. Or. No. 6:13-CV-02125-TC; Native Fish Society, et al. v. National Marine Fisheries Service, 

D. Or. No. 3:12-cv-431-HA; and Wild Fish Conservancy, et al. v. Nat’l Park Serv., et al., W.D. 

Wash. No. 3:12-CV-05109-BHS. 

15. I am being compensated for my work on this matter. My cost per hour is $220.00, 

and I have worked for approximately 14 hours at this point. 

16. In addition to drawing upon my knowledge and experience, I have spoken with 

Nick Gayeski, Ph.D. and have reviewed and considered the following documents in developing 

my opinions expressed herein: 

a. Allendorf, F.W., G. Luikart, and S. Aitken. 2013. Conservation and the 

Genetics of Populations [Second Edition]. Wiley-Blackwell. Pp. 642; and also the Third Edition 

which is submitted (in review); 
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b. Allendorf, F.W., and J.J. Hard, 2010. Human-induced evolution caused by 

unnatural selection through harvest of wild animals. Proceedings of the National Academy of 

Sciences USA 106: 9987-9994; 

c. Amish, S.J., P.A. Hohenlohe, R.F. Leary, C. Muhlfeld, F.W. Allendorf, 

and G. Luikart.  2012. Next-generation RAD sequencing to develop species-diagnostic SNPs 

chips:  An example from westslope cutthroat and rainbow trout.  Molecular Ecology Resources 

12:653–660. doi: 10.1111/j.1755-0998.2012.03157.x; 

d. Araki, H., B. Cooper, and M.S. Blouin. 2007. Genetic effects of captive 

breeding cause a rapid, cumulative fitness decline in the wild. Science 318: 100–103. 

(doi:10.1126/science.1145621); 

e. Araki, H., et al. 2008. Fitness of hatchery-reared salmonids in the wild. 

Evolutionary Applications 1: 342–355. (doi: 10.1111/j.1752-4571.2008.00026.x) 

f. Barreto, R., D, Garcia de Leaniz C, Verspoor E, Sobolewska H, Coulson M.  

and Consuegra S. 2019. DNA methylation changes in the sperm of captive-reared fish: a route to 

epigenetic introgression in wild populations. Molecular Biology and Evolution 36: 2205-2211. 

(doi: 10.1093/molbev/msz135). 

g. Baskett, M.L., and R.S. Waples. 2013. Evaluating alternative strategies for 

minimizing unintended fitness consequences of cultured individuals on wild populations. 

Conservation Biology 27:83–94; 

h. Banks, M.A., N.M. Sard, K.G. O'Malley, D.P. Jacobson, M. Hogansen, K. 

Schroder, and M.A. Johnson. 2014. A genetic-based evaluation of the spring Chinook salmon 

reintroduction program above Cougar Dam, South Fork McKenzie River, 2007-2013. June 2014 

Report. Prepared for U.S. Army Corps of Engineers, Portland District – Willamette Valley 

Project; 
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i. Christie, M.R., M.L. Marine, R.A. French, and M.S. Blouin. 2012. Genetic 

adaptation to captivity can occur in a single generation. Proceedings of the National Academy of 

Sciences USA 109: 238–242; 

j. Christie, M.R., M.J. Ford, and M.S. Blouin. 2014. On the reproductive 

success of early generation hatchery fish in the wild. Evolutionary Applications. doi: 

10.1111/eva.12183; 

k. Christie, M.R. et al. 2016. A single generation of domestication heritably 

alters the expression of hundreds of genes. Nature Communication 7: 10676 (doi: 

10.1038/ncomms10676); 

l. ESA Recovery Plan for the White Salmon River Watershed, June 2013; 

m. ESA Recovery Plan for Lower Columbia River Coho Salmon, Lower 

Columbia River Chinook Salmon, Columbia River Chum Salmon, and Lower Columbia River 

Steelhead. June 2013; 

n. ESA Recovery Plan for Puget Sound Salmon Recovery Plan. January 

2007; 

o. ESA Recovery Plan for Snake River Spring/Summer Chinook Salmon & 

Snake River Basin Steelhead, November 2017; 

p. 5-Year Status Review: Summary & Evaluation of Puget Sound Chinook 

Salmon, Hood Canal Summar-Run Chum Salmon, Puget Sound Steelhead, NMFS 2016; 

q. 5-Year Status Review: Summary & Evaluation of Lower Columbia River 

Chinook Salmon, Columbia River Chum Salmon, Lower Columbia River Coho Salmon, Lower 

Columbia River Steelhead, NMFS 2016; 

r. Hatchery and Genetic Management Plan for Kalama Falls Fall Chinook 

Hatchery Program (2014); 

s. Hess, M.A., C.D. Rabe, J.L. Vogel, J. J. Stephenson, D.D. Nelson, and 

S.R. Narum 2012. Supportive breeding boosts natural population abundance with minimal 
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negative impacts on fitness of a wild population of Chinook salmon. Molecular Ecology 

21:5236–5250; 

t. Hohenlohe, P.A., M.D. Day, S.J. Amish, M.R. Miller, N. Kamps-Hughes, 

M.C. Boyer, C.C. Muhlfeld, F.W. Allendorf, E.A. Johnson, and G. Luikart.  2013. Genomic 

patterns of introgression in rainbow and westslope cutthroat trout illuminated by overlapping 

paired-end RAD sequencing.  Invited paper on next generation sequencing. Molecular Ecology 

22: 3002–3013; 

u. Hohenlohe, P.A., S.J. Amish, J. Catchen, F.W. Allendorf, and G. Luikart.  

2011. RAD sequencing identifies thousands of SNPs for assessing hybridization in rainbow and 

westslope cutthroat trout.  Invited paper, Molecular Ecology Resources 11: 117–122; 

v. HSRG, 2009. HSRG White Paper No. 1: Predicted Fitness Effects of 

Interbreeding between Hatchery and Natural Populations of Pacific Salmon & Steelhead. 

Columbia River Hatchery Reform Project Final System-wide Report – Appendix A1. February 

2009; 

w. HSRG, 2015. Annual Report to Congress on the Science of Hatcheries - A 

report on the application of up-to-date science in the management of salmon and steelhead 

hatcheries in the Pacific Northwest; 

x. Kibenge, M.J.T. et al.  2019 Piscine Orthoreovirus Sequences in Escaped  

Farmed Atlantic Salmon in Washington and British Columbia. Virology Journal, 16: 41. 

y. Larson, D.L., Faisal, M., Tempelman, R.J., Yu, H., and Scribner, K.T. 2020.  

Effects of hatchery rearing density, handling, and nutrition on Renibacterium salmoninarum 

infection prevalence in juvenile Chinook salmon (Oncorhynchus tshawytscha). J. Aquat. Anim. 

Health 32:116-126. (doi: 10.1002/aah.10103; 

z. Jonsson, B., Jonsson N. 2006.  Cultured Atlantic salmon in nature: a review of  

their ecology and interaction with wild fish. ICES Journal of Marine Science 63: 1162e1181. 

(doi:10.1016/j.icesjms.2006.03.004); 
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aa. Lacy, R.C. 1993. VORTEX: A computer simulation model for Population  

Viability Analysis. Wildlife Research 20:45-65. 

bb. Lacy, R.C., R. Williams, E. Ashe, K.C. Balcomb III, L.J.N.  

Brent, C.W. Clark, D.P. Croft, D. A. Giles, M. MacDuffee, P.C. Paquet. 2017. Evaluating 

anthropogenic threats to endangered killer whales to inform effective recovery plans. Scientific 

Reports 7: 1-12. 

cc. Lacy, R.C., and J.P. Pollak. 2020. VORTEX: A Stochastic Simulation of the  

Extinction Process. Version 10.4.0. Chicago Zoological Society, Brookfield, Illinois, USA. 

dd. Lacy, R.C., P.S. Miller, and K. Traylor-Holzer. 2020. Vortex 10 User’s  
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SUMMARY OF OPINIONS 

17. In summary, it is my opinion that NMFS’s proposed increases in Chinook salmon 

hatchery production will appreciably contribute to the inability of numerous wild Chinook 
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salmon populations in the Puget Sound and the Columbia River ESUs to recover from their 

threatened status under the Endangered Species Act (“ESA”) and will also reduce the likelihood 

of their continued survival. The majority of rivers and streams in Puget Sound and the Lower 

Columbia River already suffer high pHOS—the proportion of hatchery-origin spawners present 

in the system—for Chinook salmon; the pHOS levels are significantly greater than those 

necessary to prevent mal-adaptive hatchery-introgression and to help maintain the adaptive 

capacity needed for the survival and recovery of wild ESA-listed Chinook salmon populations. 

The levels of pHOS in the majority of these rivers thus pose a significant threat to the survival 

and recovery of the wild Chinook populations. Similarly, pHOS levels in two Washington Coast 

rivers for which recent data are available are also too high. NMFS’s proposal to increase 

Chinook salmon hatchery production in an effort to offset impacts to Southern Resident Killer 

Whales from salmon harvests will lead to even higher pHOS levels, thereby exacerbating 

adverse genetic impacts to ESA-listed wild Chinook salmon populations. 

18. The reasons that high pHOS will likely cause long lasting harm, hindering or 

preventing achievement of recovery objectives for threatened Chinook salmon populations and 

evolutionary significant units (ESUs), include: 

a. Hatchery-origin fish and offspring of hatchery-origin parents produce fish 

that have lower fitness (ability to survive and reproduce) in the wild compared to wild native fish 

(e.g., Allendorf et al. 2013; Christie et al. 2012, 2014, and 2016; Willoughby et al. 2017, 2018); 

b. High pHOS results in the spreading of maladaptive genes from the 

hatchery fish into the wild population via interbreeding in the wild, which will reduce local 

adaptations; 

c. The lower fitness and loss of local-adaptation could last for several 

generations, causing potentially long-lasting harm (e.g., reduced viability and productivity) to the 

native wild Chinook populations, which will likely hinder and may prevent the full recovery of 
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the native populations and the entire ESU; further, lowered fitness and loss of local adaptation 

will likely persist for several generations following the elimination of any hatchery straying;  

d. The gene flow (introgression) of maladaptive hatchery genes into wild 

populations will likely lower the future adaptive potential (i.e., the ability to adapt to 

environmental change such as climate change, habitat degradation, pollution, invasive species) of 

the wild populations of Chinook salmon (e.g., Christie et al. 2014); and 

e. The introgression of maladaptive genes as well as the high pHOS (and 

straying of hatchery-origin fish) introduces substantial risks of spread of infectious disease 

pathogens into wild fish populations, which is of increasing concern given increased rates of 

spread of both native (endemic) and recently introduced European salmonid pathogens (e.g., 

viruses) into salmon populations in the Pacific Northwest (e.g., Miller et al. 2011; Mordecai et al. 

2019; Kbenge et al. 2019; Larson et al. 2020). 
 

NMFS’S MITIGATION INITIATIVE FOR INCREASED HATCHERY PRODUCTION 
INTENDED TO BENEFIT SOUTHERN RESIDENT KILLER WHALES 

19. NMFS’s 2019 SEAK BiOp describes a funding initiative intended to increase 

prey available to Southern Resident Killer Whales, apparently in an effort to mitigate some of the 

impacts associated with salmon harvests in Southeast Alaska. 2019 SEAK BiOp 9–11, 227–28 

(AR 47201–03, 47419–20). This mitigation action includes three components. 

20. First, NMFS intends to distribute $3.06 million per year for Puget Sound Chinook 

salmon “conservation” hatcheries. 2019 SEAK BiOp 10, 228 (AR 47202, 47420). This money 

would increase funding available for three existing Chinook salmon hatchery programs located 

on the Nooksack, Dungeness, and Stillaguamish Rivers and provide funding for an entirely new 

Chinook salmon hatchery program to be located somewhere in Hood Canal. Id. The 2019 SEAK 

BiOp indicates that the funding will likely result in modifications to the hatchery programs, 

which will most likely include increased production. 2019 SEAK BiOp 228 (AR 47420). No 
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further details are provided on this component of the mitigation package in the 2019 SEAK 

BiOp. 

21. Second, NMFS intends to distribute around $31.2 million for habitat restoration 

projects intended to benefit Chinook salmon populations in the same four Puget Sound 

watersheds for which funding is provided for “conservation” hatchery programs: the Nooksack, 

Dungeness, and Stillaguamish Rivers, and Hood Canal. 2019 SEAK BiOp 10, 227–28, 235–36 

(AR 47202, 47419–20, 47427–28). 

22. Third, NMFS proposes to provide funding to increase hatchery production of 

Chinook salmon in an attempt to increase the prey available to Southern Resident Killer Whales 

by 4% to 5% in areas deemed most important to the species. 2019 SEAK BiOp 10–11 (AR 

47202–03). NMFS estimates that this mitigation component will cost no less than $5.6 million 

per year and will produce an additional 20 million Chinook salmon hatchery smolts annually. 

2019 SEAK BiOp 11 (AR 47203). The 2019 SEAK BiOp indicates that “Five or six million 

smolts should come from facilities in Puget Sound with the remainder from the Washington 

Coast and Columbia River.” Id. No further details are provided on this component of the 

mitigation package in the 2019 SEAK BiOp. See 2019 SEAK BiOp 240–41 (AR 47432–33). 

23. This attempt to increase prey availability is far less than the increase needed to 

reduce the decline in the Southern Resident Killer Whale (SRKW) population, according to 

expert modeling (e.g., Lacy et al. 2017). Robert Lacy (of Lacy et al. 2017) is among the world’s 

most experienced, respected, and sought-after modelers for conducting population viability 

analysis (PVA) for the management and conservation of threatened species. Dr. Lacy has 

conducted and applied PVA modeling with many management agencies and countries 

(VORTEX; Lacy 1993; Lacy & Pollok 2020; Lacy et al. 2020).   
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POTENTIAL EFFECTS OF GENETIC INTERACTIONS BETWEEN 
WILD AND HATCHERY SALMONIDS 

24. Hatchery domestication results from a process analogous to natural selection, but 

occurring under unnatural conditions (i.e., the hatchery rearing environment)—the individual 

fish (and genes) that are “selected” are those better adapted to life in unnatural conditions (high 

density, no predators, no disease or different disease, unnatural food, unnatural substrate and 

water flow, artificial spawning) (e.g., Allendorf and Hard 2010). The process results in reduced 

ability to avoid predation, reduced disease resistance, reduced ability to forage and spawn 

efficiently, etc. (e.g., De Mestral and Herbinger 2013), and release from the rigors of natural 

selection in the wild which permits genes that are maladaptive in the wild to attain high 

frequencies in the hatchery (Lynch and O’Hely 2001; HSRG 2009; Allendorf et al. 2013; 

Christie et al 2016). 

25. This artificial selection pressure is strong; it results in rapid adaptation to captivity 

with a reduction of the ability to survive and reproduce effectively in the wild (e.g., Christie et al. 

2012, 2016; Allendorf et al. 2013). The genes (or gene expression changes) that underlie these 

maladaptive traits will likely become fixed or increase to high frequency in hatcheries (even after 

only a few months of differential survival and development of embryos into fry and smolts). 

26. Many of the genetic changes in captivity are likely heritable and transmittable to 

wild fish populations (e.g., Christie et al. 2012; 2014; 2016; Barreto et al. 2019; Wellband et al. 

2020). Maladaptive genes (or gene expression profiles) from the hatchery fish can be transmitted 

to wild fish and thereby reduce the fitness of wild fish if the hatchery fish are allowed to spawn 

in the wild, as occurs when returning hatchery-produced adults stray onto the spawning grounds 

of local wild populations. 

27. These domestication effects (i.e., adaptation to captivity) occur even when the 

hatchery fish are derived from the nearby local wild population and also when the hatchery 

operations regularly incorporate local wild fish into the hatchery broodstock. The negative 

fitness effects of hatchery fish derived from local wild populations on those same wild 
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populations are widely documented in the scientific literature (e.g., Araki et al., 2007a, b; Araki 

et al. 2009; Christie et al. 2011; Christie et al. 2012; Normandeau et al. 2009; Theriault et al. 

2011; Grant 2011; Lorenz et al. 2012; O’Sullivan et al. 2020). 

28. These negative effects are worse in the case of non-local, domesticated hatchery 

stocks, which is the case for many of the hatchery stocks in Puget Sound, the Washington Coast, 

and the Columbia River that will likely be the source of NMFS’s proposed hatchery mitigation 

measures at issue. This is because non-local fish are even less locally-adapted than local fish, 

which can reduce fitness locally in addition to the reduced fitness following hatchery-adaptation. 

29. The Hatchery Science Review Group (“HSRG”) was founded and funded by 

Congress in 2000 to conduct reviews of salmonid (including steelhead) hatchery programs 

throughout the Pacific Northwest. As part of its review process, the HSRG developed criteria for 

the maximum number of “stray” hatchery-origin salmon present (and acceptable) on the 

spawning grounds of a wild salmon population (HSRG 2015). The criteria are based on two 

general factors: (a) the designated status of the wild populations as either a primary, contributing, 

or stabilizing population1; and (b) the nature or kind of the hatchery program (e.g., 

isolated/segregated or integrated). 

                                                                  
1 The HSRG provides the following definitions for these population designations (HSRG Annual 
Report to Congress, On the Science of Hatcheries, 2015, page 34): 
Population Designation Three population designations were defined by the Lower Columbia 
Fish Recovery Board (LCFRB 2004) and reflect the biological significance and the expected 
level of contribution of the population to recovery of the Evolutionarily Significant Unit (ESU) 
or Distinct Population Segment (DPS). The HSRG encourages co-managers to assign a 
population designation to each natural population associated with a hatchery program. The 
designation is a science-informed policy decision. The HSRG has recommended standards for 
hatchery influence (i.e., pHOS and PNI) for each designation. 
Primary A population of high biological significance. Primary populations are critical to 
recovery of the ESU or DPS. They should meet the highest standards of viability. 
Contributing A population of medium biological significance. Contributing populations are 
important to the diversity of the ESU or DPS. They should meet high standards of viability. 
Stabilizing A population of lower biological significance than primary or contributing ones. 
Stabilizing populations should maintain current levels of viability. 
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30. An isolated/segregated hatchery program seeks to maintain genetic segregation 

(isolation) between the hatchery fish and the local wild populations. However, isolation is 

difficult or impossible to achieve such that gene flow (introgression) often occurs from hatchery 

fish into the wild fish populations (e.g., Seamons et al. 2012). Isolated hatchery programs 

commonly use a broodstock that was not derived from the local wild population(s) and they 

attempt to exclude wild fish from the adult fish used to supply broodstock for the hatchery. As a 

result, fish produced in isolated/segregated hatchery programs tend to become highly 

domesticated (e.g., Baskett and Waples 2012). These programs are primarily designed to provide 

returning adult salmon for harvest in ocean and/or in-river fisheries. 

31. Integrated hatchery programs generally use broodstock developed from the local 

salmonid populations and regularly integrate returning wild adults into the hatchery’s 

broodstock. Integrated hatchery programs are commonly used either for conservation purposes to 

aid in the recovery of ESA-listed populations or to provide fish for harvest while reducing the 

harmful impacts of adult fish that are not caught and that fail to return to the hatchery (strays). 

32. The HSRG defined the metric pHOS, which stands for “proportion of hatchery-

origin salmon” present on the spawning grounds with wild salmon. pHOS is defined as 

HOR/(HOR + NOR), where HOR is the number of hatchery-origin spawners present on the 

spawning grounds and NOR is the number of natural-origin (“wild”) spawners present. In other 

words, pHOS is the percentage of the total fish on the spawning grounds that are hatchery fish. 

33. In its 2005-2009 Columbia River review, the HSRG described this definition of 

pHOS as census-pHOS (pHOScensus), and contrasted it with what it defined as “effective pHOS” 

(pHOSeff). Effective pHOS is intended to modify (reduce) the census pHOS level by taking into 

account the lower wild-spawning fitness/success of hatchery-origin fish. That is, since it is 

known and accepted by fisheries geneticists that a hatchery-origin salmon spawning in the wild 

either with another hatchery-origin salmon or with a wild salmon will produce fewer returning 

adult offspring on average than a wild salmon spawning with another wild salmon, it is argued 
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that the level of actual flow of hatchery-origin genes to the wild population due to straying will 

be less than the level that would be estimated by simply using pHOScensus. Therefore, pHOSeff = 

pHOScensus multiplied by a correction factor (“cf”) that is less than 1.0. 

34. Because of the significant harmful fitness consequences of genetic introgression 

into wild salmon populations by maladapted genes from hatchery fish, the HSRG adopted 

conservative standards for maximum permissible levels of pHOS for the hatchery programs (e.g., 

HSRG 2015). The recommended standards are intended to permit wild populations to be 

subjected to an acceptable level of some genetic and ecological harm from hatchery strays so as 

to enable isolated/segregated hatchery programs to continue to provide some hatchery fish for 

harvest. pHOS standards are lower (i.e., more restrictive) for isolated/segregated hatcheries than 

for integrated hatcheries because isolated hatcheries are likely to produce stronger adaptations to 

captivity and thus more harm to wild populations following gene flow into the wild (e.g., Basket 

and Waples 2013). 

35. The pHOS standards recommended by the HSRG in its Columbia review for 

isolated/segregated hatchery programs affecting primary and contributing populations refer to 

effective pHOS (HSRG Columbia review, Final Systemwide Report, Part 3.1, page 29-30). For 

primary populations, the recommended maximum level of pHOSeff is 5%; for contributing 

populations, the recommended maximum level of pHOSeff is 10%. Since it is assumed that the 

correction factor, cf, is less than 1, the level of pHOScensus corresponding to a pHOSeff of 5%, for 

example, will be somewhat greater than 5%. The threshold levels of pHOS recommended by the 

HSRG in the Columbia review are also intended to apply to all Pacific salmon hatchery 

programs, and so are applicable to Puget Sound and Washington Coast salmon populations. 

36. In a technical appendix to the Final Systemwide Report (Appendix A, page 17), 

the HSRG issued the following caution to emphasize the importance of keeping pHOS levels 

“low”: “The HSRG considers the preceding guidelines as minimal requirements for minimizing 

the genetic risks of hatchery programs to naturally spawning populations. For example, a value 
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of pHOS = 6% from a segregated hatchery population should not be viewed as exceeding the 

pHOS < 5% guideline by only 1%; on the contrary, a value of pHOS = 6% for a segregated 

hatchery population should be viewed as posing a significant, long-term genetic risk to the 

viability of a naturally spawning population if that potential level of gene flow continues 

unabated for many generations. Moreover, the aforementioned guidelines should not be 

interpreted as “benchmarks” or “goals”; rather, they should be interpreted in the context of their 

presentation here with respect to Figs. 3 through 10: that is, violation of any of those guidelines 

on a sustained basis over many generations will pose long-term genetic risks to the future 

viability of naturally-spawning populations.” 

37. There is a significant problem with applying this pHOS standard to Chinook 

salmon hatchery programs. Except perhaps for steelhead, for which the reproductive success of 

hatchery fish relative to wild fish (“RRS,” for relative reproductive success) has been relatively 

well-studied, there are few good data and no scientific consensus on the appropriate value of a 

correction factor, cf, for Chinook salmon, other than it is highly likely less than 1. Thus, it is 

unknown how much greater than 5% or 10% the actual level of census pHOS could be in order 

for the effective pHOS not to exceed the 5% or 10% standard. The pHOS metric that is readily 

measured from spawning surveys and spawning escapement estimates is census pHOS, and this 

is the standard that should be used. This conclusion is supported by two complementary 

analyses, one by the HSRG and one by NMFS. 

38. First, in its 2015 Annual Report to Congress on the Science of Hatcheries (HSRG 

2015), the HSRG provided estimates of the long-term effects on fitness as a function of 

(effective) pHOS based on “recent studies and further analyses based on the Ford (2002) fitness 

model” (page 18 and Table 3, page 19).2 What would be assumed as a “low” level of effective 

                                                                  
2 The Ford (2002) model is a genetic population model developed by geneticist Dr. Mike Ford, 
currently Director of the Conservation Biology Division of NMFS Northwest Fisheries Science 
Center, to estimate the fitness impacts on wild fish from hatchery fish spawning in the wild. This 
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pHOS of 2% resulted in the long-term fitness of the wild population being reduced to 85% of its 

level of fitness prior to straying. An effective pHOS of 5%, the level recommended for primary 

populations, resulted in long-term fitness being reduced to 62%—a very large and unacceptable 

38% reduction in the productivity of the wild population. And pHOS of 10%, the level 

recommended for contributing populations, resulted in long-term fitness being reduced to only 

20%. This lead the HSRG to conclude that “segregated (isolated) hatchery programs should be 

used with greater caution” and to state that “…the HSRG standard for segregated populations 

may be insufficient to safeguard the long-term viability of the affected naturally spawning 

primary and contributing populations (page 18).” 

39. Second, in a biological opinion issued by NMFS dated May 29, 2015, on the 

effects of the operations of the Leavenworth National Fish Hatchery on ESA-listed threatened 

Upper Columbia River steelhead, NMFS explicitly cautioned against adjusting census pHOS by 

the relative reproductive success (RRS, correction factor) of hatchery-origin spawners, stating: 
 
NMFS feels that adjustment of census pHOS by relative reproductive success 
(RRS) should be done very cautiously, not nearly as freely as the HSRG 
document would suggest. The basic reason is quite simple: the Ford (2002) 
model, the foundation of the HSRG gene flow guidelines, implicitly includes a 
genetic component of RRS. In that model, hatchery fish are expected to have RRS 
< 1.0 (compared to natural fish) due to selection in the hatchery. A component of 
reduced RRS of hatchery fish is therefore already incorporated in the model . . . 
Therefore, reducing pHOS values by multiplying by RRS will result in 
underestimating the relevant pHOS… (LNFH steelhead BiOp, page 88). 

40. I agree with these concerns expressed by the HSRG and NMFS and believe that it 

is most appropriate to consider the HSRG’s recommended levels of pHOS for primary and 

contributing LCR Chinook populations to apply to census pHOS levels and not to (currently) 

incalculable levels of effective pHOS. However, this important issue is not particularly 

                                                                  

model is the foundation for the model developed by the HSRG used to determine recommended 
levels of pHOS.  
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relevant/important here due to the current high (census) pHOS that far exceed HSRG 

recommendations. 

THREATENED CHINOOK SALMON ESUs 

41. There are several Chinook salmon ESUs listed as threatened species under the 

ESA that are potentially affected by NMFS’s proposed hatchery increases intended to offset 

Southeast Alaska harvests. 

42. The Puget Sound Chinook salmon ESU has been listed as a threatened species 

under the ESA since 1999. 64 Fed. Reg. 14,308 (March 24, 1999); also 50 C.F.R. § 223.102(e). 

43. The Puget Sound Technical Recovery Team (PSTRT) identified 22 independent 

populations within the Puget Sound Chinook salmon ESU and separated them into five 

geographically similar major population groups. NMFS’s most recent 5-Year Status Review 

(2016) provides: 
 
To lower the extinction risk of the PS Chinook salmon ESU, all existing 
independent populations of Chinook salmon will need to improve from their 
current condition, and some will need to attain a low risk status. The PSTRT 
recommended that viable populations of Chinook salmon be spread throughout 
the region to minimize the risk of a catastrophic loss. The PSTRT also 
recommended that at least two to four populations in each of the five 
biogeographical regions of Puget Sound attain a low risk status. To minimize 
further loss of genetic diversity and life history characteristics of PS Chinook 
salmon, the PSTRT recommended at least one population from each major 
genetic and life history group in each of the five regions be viable, based on the 
historical patterns present within that region. (5-Year Status Review, p. 14). 

44. With respect to the current condition of the Puget Sound Chinook salmon ESU, 

NMFS’s most recent 5-Year Status Review provides: 
 
All PS Chinook salmon populations are still well below the PSTRT planning 
ranges for recovery escapement levels. Most populations are also consistently 
below the spawner-recruit levels identified by the PSTRT as consistent with 
recovery. Across the ESU, most populations have declined in abundance since the 
last status review in 2011, and indeed, this decline has been persistent over the 
past 7 to 10 years. Productivity remains low in most populations. Hatchery-origin 
spawners are present in high fractions in most populations outside the Skagit 

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 20 of 42

2-SER-588

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 288 of 300
(592 of 992)



 

 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 
(503) 841-6515 

LUIKART DECLARATION - 6 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

watershed, and in many watersheds the fraction of spawner abundances that are 
natural-origin have declined over time. (5-Year Status Review, p. 19). 

45. The Lower Columbia River Chinook salmon ESU was listed as a threatened 

species in 1999. 64 Fed. Reg. 14,308 (March 24, 1999); see also 50 C.F.R. § 223.102(e). 

46. The Willamette-Lower Columbia Technical Recovery Team (WLC TRT) has 

partitioned the Lower Columbia River Chinook salmon ESU into different major population 

groups, or strata, and developed biological criteria and methodologies at three different levels: 

evolutionary significant units, major populations groups or strata, and populations. NMFS’s most 

recent 5-Year Status Review identifies the following “key points in defining a viable ESU/DPS”: 
 
• Every MPG or stratum that historically existed should have a high 
probability of persistence.  
 
• Within each MPG or stratum, there should be at least two populations that 
have at least a 95 percent probability of persisting over a 100-year time frame.  

 
• Within each MPG or stratum, the average viability of the populations 
should be 2.25 or higher, using the WLC TRT’s scoring system. Functionally, this 
is equivalent to about half of the populations in the stratum being viable; a viable 
population is one whose persistence probability is high or very high.  

 
• Populations targeted for viability should include those within the 
ESU/DPS that historically were the most productive (“core” populations) and that 
best represent the historical genetic diversity of the ESU/DPS (“genetic legacy” 
populations). In addition, viable populations should be geographically dispersed 
in a way that protects against the effects of catastrophic events.  

 
• Viable populations should meet specific criteria for abundance, 
productivity, spatial structure, and diversity.  
 
There are various ways to refer to extinction risk: as viability, persistence 
probability, extinction risk, or—at the population level—population status. The 
2013 recovery plan frequently uses the terms “persistence probability” and 
“population status.” Only populations with a persistence probability of 95 percent 
or higher over a 100-year time frame are considered viable. These populations 
have a population status of high or very high (NMFS 2013a). The 2013 Lower 
Columbia River Recovery Plan also includes detailed criteria for each of the five 
listing factors. (5-Year Status Review 2016). 
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47. With respect to the current condition of the Lower Columbia River Chinook 

salmon ESU, NMFS’s most recent 5-Year Status Review provides: 
 
The majority of the populations in this ESU remain at high risk, with low natural-
origin abundance levels. Hatchery contribution to naturally-spawning fish remains 
high for a number of populations, and it is likely that many returning unmarked 
adults are the progeny of hatchery-origin parents, especially where large hatchery 
programs operate. While overall hatchery production has been reduced slightly, 
hatchery-produced fish still represent a majority of fish returning to the ESU. The 
continued release of out-of-ESU stocks: upriver bright (URB), Rogue River 
Select Area Bright (SAB) fall-run, Upper Willamette River spring-run, Carson 
Hatchery spring-run, and Deschutes River spring-run remain a concern. 
Relatively high harvest rates are a potential concern, especially for most spring-
run and low abundance fall-run populations (NMFS 2012a). Although there have 
been a number of notable efforts to restore migratory access to areas upstream of 
dams, until efforts to improve juvenile passage systems bear fruition, it is unlikely 
that there will be significant improvements in the status of many spring-run 
populations. Alternatively, dam removals (i.e., Condit Dam, Marmot Dam, and 
Powerdale Dam) not only improve/provide access, but allow the restoration of 
hydrological processes that may improve downstream habitat conditions. 
Continued land development and habitat degradation in combination with the 
potential effects of climate change will present a continuing strong negative 
influence into the foreseeable future. In addition, coastal ocean conditions would 
suggest that recent outmigrant year classes will experience below average ocean 
survival with a corresponding drop in spawner abundance in the near term, 
depending on the duration and intensity of the existing situation. (5-Year Status 
Review, pp. 21–22). 

48. The Upper Willamette River Chinook salmon ESU was also listed as threatened 

species in 1999. 64 Fed. Reg. 14,308 (March 24, 1999); see also 50 C.F.R. § 223.102(e). 

49. The Snake River fall-run Chinook salmon ESU was listed as a threatened species 

in 1992. 57 Fed. Reg. 14,653 (April 22, 1992); see also 50 C.F.R. § 223.102(e). 
 

OPINIONS ON HARMFUL IMPACTS TO THREATENED CHINOOK SALMON 
FROM NMFS’S PROPOSED MITIGATION HATCHERY PROGRAMS 

50. I reviewed official pHOS data for Puget Sound, Washington Coast, and Lower 

Columbia River Chinook salmon reported on Washington Department of Fish and Wildlife’s 

(“WDFW”) Salmon Conservation Reporting Engine (“SCoRE”) database, available at: 

https://fortress.wa.gov/dfw/score/score/species/chinook. These include rivers with hatchery 
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facilities that are most likely to be used for the increased production of hatchery Chinook salmon 

as proposed in the 2019 SEAK BiOp (cf. paragraphs 19 and 22 above). 

51. The pHOS estimates in the majority of rivers are well in excess of levels 

recommended by the HSRG; the maximum levels that can be considered adequate to preserve 

the adaptive diversity and overall fitness of wild Chinook salmon populations. It is my 

professional opinion that even these levels (generally no greater than 5% nominal (census) 

pHOS) are likely too great. The table below provides a summary of the average values of pHOS 

since 2010 (generally 2010 to 2018 or 2019) for which data are available. 
 
Table 1. Average Chinook salmon pHOS levels in rivers of Puget Sound, Washington 
Coast, and Lower Columbia River from WDFW’s SCoRE website (accessed August 
2020). Lower Columbia populations marked with a single asterisk (*) are designated a 
primary population in the Lower Columbia Chinook salmon Recovery Plan; populations 
marked with a double asterisk (**) are designated secondary population. 

Puget Sound: Years 
Hatchery 
Spawners 

Total 
Spawners 

Mean pHOS 

Dungeness 
2010-2019 

Mean: 348 457 75% 

Nooksack Fall 
2010-2016 

Mean: 1098 1293 83% 

NF Stillaguamish 
2010-2018 

Mean: 387 789 50% 

Skykomish 
2010-2019 

Mean: 982 2806 34% 

Snoqualmie 
2010-2019 

Mean: 258 1138 23% 

Sammamish Fall 
2010-2019 

Mean: 1030 1139 89% 

Cedar Fall 
2010-2019 

Mean: 281 1140 26% 

Green Fall 
2010-2019 

Mean: 3009 4332 66% 

Puyallup Fall 
2010-2019 

Mean: 1165 1716 67% 

Nisqually Fall 
2010-2019 

Mean: 819 1505 48% 
   

Washington 
Coast: 
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Humptulips Fall 
2011-2019 

Mean: 1,686 4,816 35% 

Wishka Fall 
2010-2019 

Mean: 65 486 13% 
   

Lower Columbia:     
Coweeman* 2010-2019 146 876 17% 

Big White Salmon 2010-2019 246 833 30% 
Elochaman-

Skamokawa* 
2010-2018 

Mean 461 563 82% 

Kalama Tule** 
2010-2018 

Mean 4763 6062 79% 

Lower Cowlitz** 
2010-2018 

Mean 1069 3984 27% 

Abernathy Creek* 
2010-2018 

Mean 129 147 88% 

Mill Creek* 
2010-2018 

Mean 313 719 44% 

Germany Creek* 
2010-2018 

Mean 206 233 89% 

Toutle: Green 
2010-2018 

Mean 543 810 67% 
South Fork 

Toutle* 
2010-2018 

Mean 116 200 58% 

Upper Cowlitz 
2010-2016 

Mean 3375 3487 97% 
Little White 

Salmon 
2010-2018 

Mean 212 468 45% 

Wind River 
2010-2018 

Mean 849 1215 70% 

Washougal* 
2010-2018 

Mean  1647  2457 67% 

52. As can be seen in Table 1, in Puget Sound rivers, pHOS values range from a low 

average value of 23% for the Snoqualmie River to a high average value of 89% in the 

Sammamish River. Five of these rivers (Dungeness, Nooksack, Stillaguamish (North Fork), 

Green and Puyallup) are among those at the top of the list of priority Chinook salmon stocks for 

Southern Resident Killer Whales listed in NMFS’s 2019SEAK BiOp (Table 31) that are likely to 

provide the hatchery sources for the Puget Sound component of the proposed Chinook hatchery 
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mitigation releases). All five have current pHOS levels near 50% (NF Stillaguamish) or above 

50% (the remaining four rivers). 

53. The Lower Columbia also includes several rivers listed in NMFS’s 2019 SEAK 

BiOp (Table 31) as high priority Chinook populations for Southern Residents, including the 

Kalama (average pHOS = 70.6%). All other rivers in the Lower Columbia River region listed in 

Table 1, with the exception of the Coweeman (average pHOS = 13.8%), have pHOS levels of 

27% or greater. 

54. All of the hatchery Chinook salmon that account for the pHOS levels for Puget 

Sound and Lower Columbia River populations identified in Table 1 above are hatchery adults 

that escaped all fisheries, failed to “home” back to the hatchery from which they were released as 

juveniles (“smolts”), and instead migrated to the spawning grounds of wild Chinook salmon, in 

ESUs (Puget Sound and Lower Columbia) in which Chinook salmon are listed as ‘threatened’ 

under the ESA. Thus, all of these un-caught fish were not preyed upon by Southern Resident 

Killer Whales. NMFS’s proposal to increase hatchery production would similarly result in some 

proportion of additional hatchery Chinook salmon that escape fisheries and Southern Residents 

and do not return to the hatcheries, but instead stray onto spawning grounds, further increasing 

pHOS levels. This will further increase already dangerously high pHOS levels in all of these 

rivers. pHOS levels are 27% to more than 80% in these rivers, which is dangerously high 

according to the 2015 Report to Congress “On the science of Hatcheries”, and other reports 

(HSRG 2009). 

55. In the 2019 SEAK BiOp, NMFS does not discuss the likely fate of the adult 

Chinook produced from the proposed production of an additional 20 million hatchery smolts 

annually. This failure to discuss the likely fate is problematic. These fish will be subject to 

harvest under the 2019 Pacific Salmon Treaty as part of the Aggregate Abundance Based 

Management (AABM) fisheries (West Coast Vancouver Island (WCVI), North-Central British 

Columbia (NBC), and Southeast Alaska (SEAK)) before they are likely to be encountered by 
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(and accessible to) Southern Resident Killer Whales. In order to roughly estimate the magnitude 

of additional straying onto wild spawning grounds by these hatchery Chinook salmon, I made the 

following calculations. 

56. Recent data (Losee et al. 2019) indicate that the average survival of Puget Sound 

hatchery Chinook salmon from smolt release to adult return (smolt-to-adult survival, SAR) is 

six-tenths of one percent (0.006). Hatchery fall Chinook salmon released from hatcheries in the 

lower Columbia River have similarly low SAR values; e.g., for fishery years 2004 to 2013, the 

Kalama Falls Fall Chinook Salmon hatchery program reported a SAR of 0.26% (0.0026) 

(Hatchery and Genetic Management Plan for Kalama Falls Fall Chinook Hatchery Program, 

Table 3.3.1.1, page 33 (2014)). Assuming that all 20 million proposed “mitigation” hatchery 

Chinook salmon survive at this average rate (0.006), a total of 120,000 adult hatchery Chinook 

salmon would be produced annually, on average. All of these fish would be subject to one or 

more of the AABM fisheries under the 2019 Pacific Salmon Treaty before being accessible to 

Southern Resident Killer Whales. 

57. According to the 2019 SEAK BiOp (cf. paragraph 22 above), up to 6 million of 

the 20 million smolts annually released would be released from Puget Sound hatcheries. The 

remaining 14 million smolts produced annually (in Washington) would be released primarily 

from lower Columbia River hatcheries, with the remainder being produced by hatcheries along 

the Washington coast. The majority of Puget Sound Chinook salmon, both wild and hatchery-

origin, generally do not migrate to southeast Alaska, and are caught primarily in fisheries along 

the West Coast of Vancouver Island, Canada (“WCVI” fisheries). Washington Coast and lower 

Columbia River Chinook salmon generally migrate further north and are caught primarily in the 

Southeast Alaska fisheries.  

58. At a SAR of 0.006, an average of 36,000 adult Chinook salmon would be 

produced annually from the additional 6 million hatchery smolts proposed to be released from 

Puget Sound hatcheries, and an average of 84,000 adult Chinook salmon would be produced 
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from the additional 14 million hatchery smolts proposed to be released annually from hatcheries 

in the Lower Columbia River and Washington coast.  

59. According to the Pacific Salmon Treaty, the total allowable harvest (catch) in 

AABM fisheries is tied to an “Abundance Index,” AI (2019 Pacific Salmon Treaty, Table 1, page 

65). The index is based on the annual estimated total Chinook salmon abundance, with an AI = 

1.0 corresponding to the average abundance in the baseline years of 1979 to 1982 of 

approximately 1,235,020 Chinook salmon. If the annual abundance were equal to the baseline 

value, the addition of 120,000 adult hatchery Chinook salmon from the proposed annual release 

of 20 million smolts as “mitigation” (20,000,000 times 0.006 = 120,000) would raise the AI from 

1.0 to 1.1. When the AI = 1.0, the total allowable harvest in Southeast Alaska Treaty fisheries is 

117,900, and the total allowable harvest in WCVI fisheries is 142,600 (2019 Pacific Salmon 

Treaty Table 1, page 65). When the AI is 1.1, the total allowable harvest is 140,300 in the 

Southeast Alaska fisheries, or 22,400 greater than when the AI is 1.0. An AI of 1.1 raises the 

total allowable harvest in the WCVI fishery to 179,200, for an increase of 36,600 (ibid.). 

60. Under this scenario, the WCVI fishery limit would be increased in an amount that 

exceeds the additional 36,000 adult Chinook salmon produced from Puget Sound hatcheries as 

mitigation in a supposed effort to benefit Southern Resident Killer Whales. Thus, the supposed 

mitigation (release of 20,000,000 smolts) meant to support the killer whales would fail to provide 

support. 

61. Of the 84,000 adult Chinook salmon produced from annual releases at hatcheries 

in the Lower Columbia River and on the Washington coast, 61,600 (84,000 less 22,400 

additional Chinook salmon caught in the Southeast Alaska fisheries due to an increase in the 

abundance index from 1.0 to 1.1, as explained above) would potentially be available to either 

foraging Southern Resident Killer Whales or to freshwater spawning locations (hatchery 

facilities or wild spawning grounds). 
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62. Based on average levels of pHOS in Lower Columbia River and Washington 

Coast rivers over the past decade as presented above, it is unlikely that the majority of the 61,600 

hatchery adults would be consumed by Southern Resident Killer Whales. If, as a conservative 

estimate, it is assumed that 30,000 of these adult hatchery Chinook salmon escape harvest and 

predation by Southern Resident Killer Whales and return to rivers in the lower Columbia River 

Chinook salmon ESU, and further assume that half of these (15,000) would stray onto the 

spawning grounds of wild Chinook salmon, the potential increase in pHOS in the Lower 

Columbia River populations listed in Table 1 would be biologically significant. Averaged over 

all the Lower Columbia River Chinook salmon populations listed in Table 1, the current ESU-

wide average pHOS is 0.65, or 65% (13,227 hatchery adults and 20,458 total (hatchery plus wild 

adults). Adding an additional 15,000 stray “mitigation” hatchery Chinook salmon to the 13,227 

average stray hatchery adults would raise the average level of pHOS to 0.80, or 80% (28,227 

hatchery adults and 35,458 total (hatchery plus wild) adults). Even if only 10,000 stray onto the 

spawning grounds of wild Chinook salmon, the potential increase in average pHOS would be to 

76% (23,227 hatchery adults and 30,458 total (hatchery plus wild) adults). The current 65% 

pHOS is already above the pHOS acceptable under HSRG guidelines, and 76% to 80% is likely 

to cause further harm to wild ESA-listed Chinook. 

CONCLUSION 

63. The Puget Sound Chinook salmon ESU and the Lower Columbia River Chinook 

salmon ESU are listed as threatened species under the ESA. According to NMFS’s most recent 

status reviews, most populations in the ESUs suffer low natural-origin abundance levels and 

have high fractions of hatchery spawners (pHOS). These high pHOS levels are likely 

contributing to the low productivity of the natural populations.  

64. It is my opinion that the release of some 20 million additional hatchery Chinook 

salmon smolts from hatchery facilities in Puget Sound, the Columbia River, and on the 

Washington Coast will likely further increase pHOS levels and thereby further inhibit the 
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prospects for the continued survival, much less the recovery, of Chinook salmon populations in 

the Puget Sound Chinook salmon ESU and the Lower Columbia River ESU. 

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing is true 

and correct. 

DATED this 24th day of February, 2021. 

 

 

 
            

Gordon Luikart, Ph.D. 
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Curriculum vitae 
              

 

GORDON LUIKART            February 2021 
 

CURRENT APPOINTMENTS: 
Professor in Wildlife Biology and Systems Ecology 
Flathead Lake Biological Station  
The University of Montana  
32125 Bio Station Lane  
Polson, MT, 59860, USA 
 E-mail:  gordon.luikart@umontana.edu;  Phone: + 1-406-982-3301 (extn 249) 
 http://www.umt.edu/flbs/People/Luikart~3422/default.aspx?ID=3422  

 
 

EDUCATION:   Ph.D., University of Montana, 1997, Organismal Biology and Ecology 
               Supervisor: Dr. Fred Allendorf; Field supervisor: Dr. J. T. Hogg 
  M.S., University of Montana, 1992, Zoology 
  B.S., Iowa State University, 1988, General Biology, minor in Animal Ecology 
 
POST-DOCTORAL:   
Research Fellow, Population Genetics and Demographic History, CNRS, Grenoble, France, 1999-2000. 
NSF-NATO Postdoc Fellowship, Conservation Biology and Population Genetics, France, 1998-1999 

Advisors: P. Taberlet (Université Joseph Fourier, CNRS, Grenoble, France), J.-M. Cornuet         
(Institue Nationale Recherche Agriculture, Montpellier, France). 

European Postdoc Fellow, Conservation & Evolutionary Genetics, Université Joseph Fourier, 1997-1998. 
 
RESEARCH INTERESTS:  Conservation Biology, Evolutionary Ecology, Population/Landscape Genomics 
 
EMPLOYMENT: 
2014-current, Professor, Flathead Lake Biological Station, Division of Biological Sciences, University of 
 Montana, USA 
2010-2014, Associate Professor, Flathead Lake Biological Station, University of Montana, USA 
2005-2010, Research Associate Professor, Organismal Biology and Ecology, University of Montana, USA 
2005-current, Senior Research (or Visiting) Scientist, Centro de Investigacio em Biodiversidade e  

Recoursos Geneticos (CIBIO), University of Porto, Vairão, Portugal 
2003-2005, Faculty Affiliate, University of Montana, USA 
2004-2005, Research Scientist, Montana Conservation Science Institute (MOCSI), USA 
2001-2005, Research Scientist (CR1), CNRS (Centre National Recherche Scientifique), France 
 (Officially on leave without pay until 2015) 
2000-2001, CNRS, Research Fellow, Statistical and Population Genetics, France 
1991-1992, Teaching Assistantships, Biological Station, U. of Montana (Aquatic Botany, Mammal Ecology) 
1989-1995, Teaching Assistantships, U. of Montana (Genetics & Evolution, Conservation  

Genetics, Mammalogy, Ecology, Anatomy & Physiology),   
1987, Research and Teaching Assistant, Sumilon University, Philippines (SCUBA diving & Marine Biology) 
1986, Field Research Assistant, Virginia Polytech Institute (trapping & banding passerine birds) 
1985-1986, Iowa Department of Natural Resources (gill-netting, radio-telemetry of fish, grouse, & otters) 
 
ACADEMIC HONORS:        
Named one of “The World’s Most Influential Scientific Minds” in 2014-2016 & 2018 by Thomson Reuters  
         for publishing many highly cited papers during the past 10 years (e.g., see:      
         http://sciencewatch.com/sites/sw/files/sw-article/media/worlds-most-influential-scientific-minds-2014.pdf 
Professor, Wildlife Biology Program and Systems Ecology Program, University of Montana, 2010-current 
Bronze medal, a top scientist in France CNRS (Centre Nationale de la Recherche Scientifique), 2004-2005  
Doctoral Research Fellowship, University of Montana, 1996  
Fulbright Fellow, La Trobe Univ., Melbourne, Australia, 1994-95 (Genetics of endangered marsupials) 
 
PROFESSIONAL ACTIVITIES:  2001-2004, Journal editorial board member for Conservation Biology 
     2003-2006, Journal associate editor for Molecular Ecology Resources 
     2009-2011, Associate editor for Journal of Heredity 
     2010-curent, Member Swan Ecosystem Center Native Fish Committee  
     2010-curent, Member IUCN Conservation Genetics Specialist group  
 

TEACHING: 2018-current, Advanced Population Genetics, 3 credits (advanced undergrads, grad students) 
         2014-2017, Conservation Genetics, 3 credits (advanced undergrads and graduate students) 
         2010-current, Conservation Ecology, 3 credits (advanced undergrads), field course 

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 31 of 42

2-SER-599

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-3, Page 299 of 300
(603 of 992)



 2

 …….2006-current, Population Genetic Data Analysis, 3 credits (grad students & postdocs)  
         http://www.umt.edu/sell/cps/congen2018/; www.popgen.net/congen2013 
         2007-current, Population Genetics Seminar, 1 credit (undergrad and grad students) 
         2007-2010     Genetics and Evolution, 3 credits (team taught, graduate students in NSF-IGERT) 
         2006, 2010    Frontiers in Conservation Genetics, 2 credits (team taught)   
 
SOCIETIES (Last five years):  American Fisheries Society 
    American Genetic Association  
    Ecological Society of America  
    Society for Conservation Biology 
    Wildlife Society   
    Freshwater Mollusk Conservation Society 
          

BOOKS: 
 

Allendorf, F.W. and G. Luikart. 2007. Conservation and the Genetics of Populations. Wiley-
Blackwell. Pp. 642.    

Allendorf, F.W., G. Luikart, and S. Aitken. 2013. Conservation and the Genetics of Populations [2nd 
Edition]. Wiley-Blackwell. Pp. 642.  3rd edition to be published by Oxford University Press in 
2021. 

 
BOOK CHAPTERS:  
 

Luikart, G., B.K. Hand, ^M. Kardos, O.P. Rajora, S. Aitkin, P. Hohenlohe. 2018.  Population 
genomics: Advancing understanding of nature.  In Population Genomics Concepts, 
Approaches and Applications.  Ed: Om P. Rajora.  

Hohenlohe, P., ^M. Kardos, B. Hand, K. Andrews, G. Luikart.  2018. Population genomics 
revolutionizes ecology and evolution.  In Population Genomics Concepts, Approaches and 
Applications.  Editor: Om P. Rajora.  DOI: 10.1007/13836_2018_20 

Pierson, J.C., G. Luikart, and M.K. Schwartz. 2015. The application of genetic indicators in wild 
populations: potential and pitfalls for genetic monitoring. In Surrogates and Indicators in 
Ecology, Conservation and Environmental Management. Eds: Lindenmayer, D.B., J.C. 
Pierson, and P. Barton. CSIRO Publishing, Melbourne. CRC Press, London. 

Manel, S., G. Luikart, B. Sonké, and P. Couteron, 2015.  Eds: A.A. Aguirre and R. Sukumar. Box 13 in 
Chapter 13.  Detecting poaching from natural populations using genetic forensic approaches.  
Oxford University Press.  

Schwartz, M.K., G. Luikart, K.S. McKelvey, and S. Cushman.  2009.  Landscape genomics: a brief 
perspective.  Chapter 19 in Spatial Complexity, Informatics and Animal Conservation, Eds: 
S.A. Cushman and F. Huettman. Springer, Tokyo. 

Geffen, E., G. Luikart, and R.S. Waples. 2006. Impacts of modern molecular techniques on  
conservation biology. Chapter 4 In: Key Topics in Conservation Biology, Eds: D.W. 
Macdonald and K. Service, Blackwell Publishing.  

Luikart, G., H. Fernandez, M. Mashkour, P.R. England, and P. Taberlet. 2006.  Origins and diffusion  
of domestic goats inferred from DNA markers: example analyses of mtDNA, Y-chromosome 
and microsatellites. In: Documenting Domestication, Eds: M. Zeder, B. Smith, and D. 
Bradley, Smithsonian Press, USA. 

Taberlet, P., G. Luikart, and E. Geffen. 2001.  Novel approaches for obtaining and analyzing genetic  
 data for conserving wild carnivore populations, In: Carnivore Conservation, Eds: Gittleman, 

J.L., Funk, S.M., Macdonald, D., and Wayne, R. Cambridge University Press. 
 
PUBLICATIONS (in peer-reviewed journals):  (*my students, ^students helped, **postdocs) 
 For some see:  http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&term=Luikart%20G 
 

*Strait, J., L.A. Eby, R.P. Kovach, C.C. Muhlfeld, M.C. Boyer, S.J. Amish, S. Smith, W.H. Lowe, G. 
Luikart. 2020. Hybridization alters growth and migratory life history expression of native trout.  
Evolutionary Applications, in press. doi.org/10.1111/eva.13163 

Ezenwa, V.O., S.A. Budischak, P. Buss, M. Seguel, and G. Luikart, A.E. Jolles, and K. Sakamoto. 
2021. Natural resistance to worms exacerbates bovine tuberculosis severity independently of 
worm coinfection. Proceedings of the National Academy of Sciences, USA, 118 (3) 
e201508011.  https://doi.org/10.1073/pnas.2015080118 

^Robinson, Z., ^Bell, D., *Dhendup, T., Luikart, G., Whiteley, A., and **Kardos, M. 2020.  Evaluating  
genetic rescue attempts in the Anthropocene. Conservation Biology, In press. 
doi.org/10.1111/cobi.13596 

**Kardos, M., and G. Luikart. 2020. The genomic architecture of fitness drives population viability in  
changing environments. American Naturalist, in press.  doi.org/10.1086/713469 
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Paz-Vinas I., E. Jensen, L. Bertola, M. Breed, B.K. Hand, M.E. Hunter, F. Kershaw D.M.  
Leigh, G. Luikart, J. Mergeay, J.M. Miller, **C.B. Van rees, G. Segelbacher, S. Hoban. 2020. 
Macro-genetic studies must not ignore limitations of genetic markers and scale. Ecology 
Letters, In press. 

Antao, T., Cosart, T., ^B. Trethway, R.S. Waples, M.W. Ackerman, G. Luikart, and B.K. Hand. 2020. 
AgeStrucNb: Software for simulating and detecting changes in the effective number of 
breeders (Nb). Journal of Heredity, 111:491–497. 

*Garner, B.A., S. Hoban, and G. Luikart. 2020. IUCN red list and the value of integrating genetics.
Conservation Genetics, 21:795–801. 

Sepulveda, A., N. Nelson, C. Jerde, and G. Luikart. 2020. Are Environmental DNA Methods Ready for 
Aquatic Invasive Species Management? Trends in Ecology and Evolution, 35:668-678.  

Malison, R.L., B.K. Ellis, A.G. DelVecchia, H. Jacobson, B.K. Hand, G. Luikart, H.A. Woods,  
M. Gamboa, K. Watanabe, and J.A. Stanford. 2019.  Remarkable anoxia tolerance in aquifer
stoneflies. Ecology, 101: e03127.

Luikart, G., T. Antao, B.K. Hand, C.C. Muhlfeld, M.C. Boyer, T. Cosart, ^B. Trethewey, R. Al-
Chockhachy, R. Waples. 2021. Detecting population declines via estimating the effective 
number of breeders (Nb).  Molecular Ecology Resources. 21: 379-393. doi.org/10.1111/1755-
0998.13251 

Smith, S., S.A. Amish, L. Bernatchez, J. Le Luyer, C. Wilson, O. Boeberitz, G. Luikart, and K. 
Scribner. 2020. Mapping of adaptive traits enabled by a high-density linkage map for lake 
trout. Genes Genomes and Genetics, in press. 

Schabacker J., S.J. Amish, A. Sepulveda, B. Gardner, D. Miller, Y. Wang, and G. Luikart. 2020. 
Sensitive eDNA detection using large volume water samples and seasonal sampling. 
Environmental DNA, 2: 244-251.  

Stahlke A, D.B., T. Dhendup, B. Kern, S. Pannoni, Z. Robinson, J. Strait, S. Smith, B.K. Hand, P.A. 
Hohenlohe, and G. Luikart. 2020. Population genomics training for the next generation of 
conservation geneticists: ConGen 2018 Workshop. J Heredity, 111: 227–236, 
https://doi.org/10.1093/jhered/esaa001 

Jordan, S., B.K. Hand, S. Hotaling, ^A. DelVecchia, R. Malison, C. Nissley, J. Stanford, and G. 
Luikart. 2019. Genomic data reveal similar genetic differentiation in aquifer species with 
different dispersal capabilities and life histories. Biological Journal of the Linnaean Society, 
129:315–322. 

Kotzé, A., ^R.M. Smith, Y. Moodley, G. Luikart, C. Birss, A.M. Van Wyk, J.P. Grobler, and D.L. 
Dalton. 2019. Lessons for conservation management: Monitoring temporal changes in genetic 
diversity of Cape mountain zebra (Equus zebra zebra). PloS one 14 (7), e0220331 

Haines, M.L., G. Luikart, S.J. Amish, *S. Smith, and E.K. Latch. 2019. Evidence for adaptive 
introgression of exons across a hybrid swarm in deer. BMC Evolutionary Biology, 19:199- . 
doi.org/10.1186/s12862-019-1497-x  

Sepulveda, A., S.A. Amish. *J. Schabacker, *D. Miller, and G. Luikart.  2019.  Improved detection of 
rare, endangered and invasive trout in using a new large-volume sampling method for eDNA 
capture. Environmental DNA, 1: 227–237.  DOI: 10.1002/edn3.23 

Grummer, J., L.B. Beheregaray, L. Bernatchez, B.K. Hand, G. Luikart, S.R. Narum, and E.B. Taylor.  
2019. Aquatic landscape genomics and environmental effects on genetic variation.  
Trends in Ecology and Evolution, 34:641-654. 

Hand, B.K., C.G. Flint, C. Frissell, C.C. Muhlfeld, S. Devlin, B. Kennedy, R. Crabtree, A. McKee, G.  
Luikart, and J.A. Stanford.  2019. Challenges in Columbia River fisheries conservation.  
Frontiers in Ecology and the Environment, 17: 11-13. doi:10.1002/fee.1990 

^Hendricks, S., E. Anderson, T. Antao, L. Bernatchez, B. Forester, *B.A. Garner, B. Hand, P. 
Hohenlohe, M. Kardos, L.B. Koop, R. Waples, and G. Luikart.  2018.  Recent advances in  
population genomics data analysis:  Improving bioinformatics and computational approaches.  
Evolutionary Applications, 11:1197–1211.  doi.org/10.1111/eva.12659 

Hand, B.K., C.G. Flint, C. Frissell, C.C. Muhlfeld, S. Devlin, B. Kennedy, R. Crabtree, A. McKee, G.  
Luikart, and J.A. Stanford.  2018. Social-ecological systems approach for riverscape 
sustainability in the Columbia River Basin. Frontiers in Ecology and the Environment, S23-
S33. doi.org/10.1002/fee.1752 

Amish, S.J., ^A.O. Ali, M. Peacock, M. Miller, M. Robinson, *S. Smith, G. Luikart, and H. Neville. 
2018. Assessing thermal adaptation using family-based association and FST-outlier tests in a 
threatened trout.  Molecular Ecology, 28:2573-2593. 

^Cross, P.R., B.N. Sacks, G. Luikart, M.K. Schwartz, K.W. Van Etten, and R.L. Crabtree.  2018. Red 
fox ancestry and connectivity assessments reveal minimal fur farm introgression in the Greater 
Yellowstone Ecosystem. Journal of Fisheries and Wildlife Management, 9:519-30.  DOI: 
10.3996/092017-JFWM-073 

**Kardos, M., G. Luikart, and F.W. Allendorf. 2018.  Predicting the evolutionary effects of hunting  
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requires an understanding of genetics. Journal of Wildlife Management and Wildlife 
Monographs. 82: 889-891. doi.org/10.1002/jwmg.21475 

^Harrisson, K.A., S. Amish, A. Pavlova, S. Narum, M. Telonis-Scott, M.L. Rourke, J. Lyon, Z. Tonkin,  
D. Gilligan, B. Ingram, M. Lintermans, H.M. Gan, C.M. Austin, G. Luikart, and P. Sunnucks.  
2017. Signatures of polygenic adaptation associated with climate across the range of an 
Australian freshwater fish species.  Molecular Ecology, 28: 6253-6269.  DOI: 
10.1111/mec.14368   

^Hotaling, S., C.C. Muhlfeld, J.J. Giersch, ^O.A. Ali, S. Jordan, M.R. Miller, G. Luikart, and D.W.  
Weisrock.  2018. Demographic modelling reveals a history of divergence with gene flow for a 
glacially tied stonefly in a changing post-Pleistocene landscape. J of Biogeography, 45: 304-
317.   DOI: 10.1111/jbi.13125. 

Kovach, R., C.C. Muhlfeld, R. Al-Chokhachy, S.J. Amish, J.L. Kershner, R.F. Leary, W.H. Lowe, G. 
Luikart, P. Matson, D.A. Schmetterling, B.B. Shepard, P.A.H. Westley, D. Whited, A. 
Whiteley, and F.W. Allendorf. 2017.  No evidence for ecological segregation protecting native 
trout from invasive hybridization. Global Change Biology, e11-12.  DOI: 10.1111/gcb.13825 

Muhlfeld C.C., R.P. Kovach, R. Al-Chokhachy, S.J. Amish, J.L. Kershner, R.F. Leary, W.H. Lowe,  
G. Luikart, P. Matson, D.A. Schmetterling, B.B. Shepard, P.A.H. Westley, D. Whited, A. 
Whiteley, and F.W. Allendorf.  2017. Legacy introductions and climatic variation explain 
spatiotemporal patterns of invasive hybridization in a native trout.  Global Change Biology, 23: 
4663-4674. DOI: 10.1111/gcb.13681 

**Kovach, R., B.K. Hand, P. Hohenlohe, T. Cosart, M. Boyer, H. Neville, C. Muhlfeld, S. Amish, K.  
Carim, S. Narum, W. Lowe, F.W. Allendorf, and G. Luikart. 2016.  Vive la résistance: 
genome-wide selection against introduced alleles in invasive hybrid zones of trout. 
Proceedings of the Royal Society, 283: 4663-4674. 

Wade A.A., B.K. Hand, **R.P. Kovach, C.C. Mulhfeld, R. Waples, and G. Luikart.  2017.  
Assessments of species’ vulnerability to climate change: from pseudo to science. Biodiversity 
and Conservation, 26: 223–229. 

^Rezaeia, H.R., G. Luikart, et al. 2016.  Corrigendum to “Evolution and taxonomy of the wild species 
of the genus Ovis (Mammalia, Artiodactyla, Bovidae). Molec. Phylogenet. Evol. 54:315–326. 

^Ackerman, M.W., B.K. Hand, R.K. Waples, G. Luikart, R.S. Waples, C. Steele, *B.A. Garner, J. 
McCane, N. Vu, and M. Campbell. 2017.  Effective number of breeders estimated from sibship 
reconstruction: empirical evaluations using hatchery steelhead. Evolutionary Applications, 10: 
146–160. 

*O’Brien, M.P., A. Beja-Pereira, N. Anderson, R.M. Ceballos, H. Edwards, B. Harris, R. Wallen, and G.  
Luikart. 2017.  Brucellosis transmission among wildlife and livestock in the Greater  
Yellowstone Ecosystem: Inferences from DNA genotyping. J. of Wildlife Diseases, 53:339-343. 

**Kardos, M., H. Taylor, H. Ellegren, G. Luikart, and F.W. Allendorf. 2016. Genomics advances the  
study of inbreeding depression in the wild, Evolutionary Applications.  9: 1205-1218. 

Wade, A.A., B.K. Hand, C.C. Muhlfeld, **R.P. Kovach, D.C. Whited, J. Kimball, and G. Luikart. 2016. 
Accounting for adaptive capacity and uncertainty in species’ climate change vulnerability 
assessments. Conservation Biology, 31 136-149.  DOI: 10.1111/cobi.12764 

Muhlfeld, C.C., V.S. D’Angelo, C. Downs, J. Powel, A. Amish, G. Luikart, **R. Kovach M. Boyer, and  
 S. Kalinowski. 2016. Genetic status and conservation of westslope cutthroat trout in Glacier  

National Park. Transactions of the American Fisheries Society, 145: 1093-1109. 
^Benestan, L., ^A.L. Ferchaud P. Hohenlohe, *B.A. Garner, G. Naylor, I. Baums, and G. Luikart.   

2016. Conservation genomics of natural and managed populations: building a conceptual and  
practical framework for genomicist. Molecular Ecology 25:2967-77. doi: 10.1111/mec.13647. 

*Della Croce, P.P., G.C. Poole, and G. Luikart.  2016. Simplifying assumptions yield overconfidence 
in detecting and quantifying introgression in hybridized populations.  Molecular Ecology  
Resources, 16: 1287–1302.  DOI: 10.1111/1755-0998.12520 

*Roffler, G.H., M.K. Schwartz, K. Pilgrim, S.L. Talbot, G.K. Sage, L.G. Adams, and G. Luikart. 2016. 
 Identification of landscape features influencing gene flow: how useful are habitat  

selection models?  Evolutionary Applications, 9: 805–817 
Powell, J., S.J. Amish, G. Haynes, G. Luikart, and E. Latch.  2016.  Identifying SNPs and candidate 

genes associated with lineage divergence: use of next-generation targeted re-sequencing in 
mule deer (Odocoileus hemionus).  Molecular Ecology Resources, 16:1165-1172 

*Stetz, J.B., *S. Smith, M.A. Sawaya, A.B. Ramsey, S.J. Amish. M.K. Schwartz, and G. Luikart. 2016. 
Discovery of 20,000 RAD–SNPs and development of a 52-SNP array for monitoring river 
otters. Conservation Genetics Resources, 8: 299–302.  doi:10.1007/s12686-016-0558-3.  

*Roffler, G.H., S.J. Amish, *S. Smith, T. Cosart, *M. Kardos, M.K. Schwartz, and G. Luikart. 2016.  
SNP discovery in candidate adaptive genes using exon capture in a free-ranging alpine 
ungulate. Molecular Ecology Resources, 16:1147–1164. 

Jordan, S., J.J. Giersch, C.C. Muhlfeld, *S. Hotaling, L. Fanning, and G. Luikart.  2016. Loss of  

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 34 of 42

3-SER-603

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 3 of 300
(607 of 992)



 5

genetic diversity and increased subdivision in an endemic alpine stonefly threatened by 
climate change. PLOS ONE, e0157386. doi:10.1371/journal.pone.0157386. 

Kamath, P.L., J.T. Foster, K.P. Drees, G. Luikart, C. Quance, N.J. Anderson, P.R. Clarke, E.K. Cole,  
M.L. Drew, W.H. Edwards, J.C. Rhyan, J.J. Treanor, R.L. Wallen, P.J. White, S. Robbe-
Austerman, and P.C. Cross.  2016. Genomics reveals historic and contemporary transmission 
dynamics of a bacterial disease among wildlife and livestock. Nature Communications, 
7:11448. 

Hand, B.K., C.C. Muhlfeld, A.A. Wade, R.P. Kovach, D.C. Whited, S.R. Narum, A.P. Matala, M.W.  
Ackerman, *B.A. Garner, J.S. Kimball. J.A. Stanford, and G. Luikart. 2016. Climate variables  
explain neutral and adaptive variation within salmonid metapopulations: the importance of 
replication in landscape genetics.  Molecular Ecology, 25:689–705. 

*Ali, O.A., S.M. O'Rourke, S.J. Amish, M.H. Meek, G. Luikart, C.Jefferys, and M.R. Miller. 2016.  RAD  
Capture (Rapture): Flexible and efficient sequence-based genotyping. BioRxiv preprint doi: 
http://dx.doi.org/10.1101/028837.  Genetics, 202:389–400. 

Andrews, K.R., P.A. Hohenlohe, M.R. Miller, J. Good, and G. Luikart.  2016. Harnessing the power of 
RADseq for ecological and evolutionary genomics.  Invited review, Nature Review Genetics, 
17:81–92.  

Kamath, P.L., M.A. Haroldson, G. Luikart, D. Paetkau, C. Whitman, and F.T. van Manen. 2015.  
Multiple estimates of effective population size for monitoring a long-lived vertebrate: an 
application to Yellowstone grizzly bears. Molecular Ecology, 24:5507–5521. 

*Garner, B.A, B.K. Hand, *B. Addis, S.J. Amish, L. Bernatchez, J.T. Foster, K.M. Miller, P.A. Morin, 
S.R. Narum, S.J. O’Brien, *G. Roffler, J. Seeb, L. Seeb, W.D. Templin, P. Sunnucks, *J. Strait, 
K.I. Warheit, T.R. Seamons, J. Wenburg, J. Olsen, and G. Luikart.  2016. Genomics in 
conservation: case studies for bridging the gap between data and application.  Trends in 
Ecology and Evolution, 31:81–83. 

Kovach, R.P., G. Luikart, W.H. Lowe, M.C. Boyer, and C.C. Muhlfeld. 2016. Human-enabled 
interspecific hybridization for climate adaptation is risky and unlikely to work: reply to Hamilton 
and Miller.  Conservation Biology, 20:428-430. 

Scribner K.T., W. Lowe, E. Landguth, G. Luikart, D. Infante, G. Whelan, and C. Muhlfeld.  2016. 
Applications of genetic data to improve management and conservation of river fishes and their 
habitats. Fisheries, 41: 174-188. 

^Kovach, R., C.C. Muhlfeld, B.K. Hand, D. Whited, A.A. Wade, P.W. DeHaan, R. Al-Chokhachy, and 
G. Luikart.  2015.  Climatic and habitat variation is related to genetic diversity in bull trout: 
implications for vulnerability to climate change.  Global Change Biology, 21: 2510–2524.  doi: 
10.1111/gcb.12850 

Hand, B.K., W.H. Lowe, R.P. ^Kovach, C.C. Muhlfeld, and G. Luikart.  2015. Landscape community 
genomics: understanding eco-evolutionary processes in complex environments. Trends in 
Ecology and Evolution, 30:161–168. 

Hand, B.K., T.D. Hether, R.P. Kovach, C.C. Muhlfeld, S.J. Amish, M.C. Boyer, S.M. O’Rourke, M.R. 
Miller, W.H. Lowe, P.A. Hohenlohe, and G. Luikart.  2015.  Genomics of introgression: 
discovery and mapping of thousands of species-diagnostic SNPs using RAD sequencing in 
trout. Invited paper for special edition on hybridization, Current Zoology, 61: 146–154. 

Kovach, R., C.C. Muhlfeld, M.C. Boyer, W. Lowe, F.W. Allendorf, and G.  Luikart et al.  2015. 
Dispersal and selection mediate hybridization between a native and invasive species.  
Proceedings of the Royal Society B.  http://dx.doi.org/10.1098/rspb.2014.2454. 

*Kardos, M., G. Luikart, R. Bunch, S. Dewey, W. Edwards, S. McWilliam, J. Stephenson, F.W. 
Allendorf, J.T. Hogg, and J. Kijas.  2015. Genome sequencing reveals selective sweeps for 
horn size and other traits in bighorn sheep.   Molecular Ecology, 24: 5616–5632.   

Schoenecker, K.A., M.K. Watry, L.E. Ellison, M.K. Schwartz, and G. Luikart. 2015. Estimating 
bighorn sheep abundance using noninvasive sampling at a mineral lick within a national park 
wilderness area. Western North American Naturalist, 75: 181–191. 

Muhlfeld C.C., R.P. Kovach, *L.A. Jones, M.C. Boyer, R.F. Leary, W.H. Lowe, G. Luikart, and F.W. 
Allendorf.  2014. Invasive hybridization in a threatened species is accelerated by climate 
change. Nature Climate Change, 4:620-624.  DOI: 10.1038/nclimate2252.  

Landguth, E.L., C.C. Muhlfeld, R.S. Waples, *L.A. Jones, W.H. Lowe, D. Whited, J. Lucotch, H. 
Neville, and G. Luikart.  2014.  Combining demographic and genetic factors to assess 
population vulnerability in stream species.  Ecological Applications, 24: 1505–1524 
http://dx.doi.org/10.1890/13-0499.1. 

Andrews, K.R., P.A. Hohenlohe, M.R. Miller, *B.K. Hand, J.E. Seeb, and G. Luikart. 2014. Trade-offs 
and utility of alternative RADseq methods. Molecular Ecology, 23:1661–1667.  doi: 
10.1111/mec.12964. 

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 35 of 42

3-SER-604

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 4 of 300
(608 of 992)



 6

*Kardos, M., G. Luikart, and F.W. Allendorf.  2014. Measuring individual inbreeding in the age of 
genomics: marker-based measures are better than pedigrees. Molecular Ecology Resources, 
14:519-30. doi: 10.1111/1755-0998.   

Giersch, J.J., S. Jordan, G. Luikart, *L.A. Jones, F.R. Hauer, and C.C. Muhlfeld.  2014.  Range 
contraction of a rare alpine stonefly, Zapada glacier, under climate change.  Freshwater 
Science, 34: 53-65.  DOI: 10.1086/679490 

Andrews, K.R., and G. Luikart. 2014. Recent novel approaches for population genomics data 
analysis. Molecular Ecology, 23:1661-7. doi: 10.1111/mec.12686. 

Waples, R.A., T. Antao, and G. Luikart.  2014. Effects of overlapping generations on linkage  
disequilibrium estimates of effective population size.  Genetics, 197: 769–780.   

*Cosart, T., A. Beja-Pereira, and G. Luikart.  2014. ExonSampler: A computer program for genome-
wide sequence sampling to facilitate new generation sequencing. Molecular Ecology 
Resources, 14:1296-301. DOI: 10.1111/1755-0998.12267. 

Benavides, J.A., P.C. Cross, S. Creel, and G. Luikart.  2014. Limitations to estimating bacterial cross-
species transmission using genetic and genomic markers: inferences from simulation 
modeling. Evolutionary Applications, DOI: 10.1111/eva.12173.  

*Roffler, G.H., S.L. Talbot, G. Luikart, G.K. Sage, K.L. Pilgrim, L.G. Adams, and M.K. Schwartz.  
2014. Lack of sex-biased dispersal promotes fine-scale genetic structure in alpine ungulates.  
Conservation Genetics, DOI 10.1007/s10592-014-0583-2. 

*Hand, B.K., S. Chen, N. Anderson, A. Beja-Pereira, P. Cross, M. Ebinger, H. Edwards, B. Garrett, M. 
Kardos, H. Edwards, M. Kauffman, E.L. Landguth, A. Middleton, B. Scurlock, P.J. White, P. 
Zager, M. Schwartz, and G. Luikart.  2013. Sex-biased gene flow among elk in the Greater 
Yellowstone Ecosystem. Journal of Fish and Wildlife Management, 5:124-132. 
http://dx.doi.org/10.3996/022012-JFWM-017 

Lane-deGraaf, K.E., S.J. Amish, *F. Gardipee, A. Jolles, G. Luikart, and V.O. Ezenwa. 2015.  
Signatures of natural and unnatural selection: evidence from an immune system gene in 
African buffalo.  Conservation Genetics, 16:289–300.  DOI 10.1007/s10592-014-0658-0 

*Kardos, M., G. Luikart, and F.W. Allendorf.  2014.  Evaluating the role of inbreeding depression in  
heterozygosity-fitness correlation: how useful are tests of identity disequilibrium?  Molecular 
Ecology Resources, 14:519-530. 

Colli, L., S. Joost, R. Negrini, L. Nicoloso, P. Crepald, P. Ajmone-Marsan, and ECONOGENE 
Consortium. 2014. Assessing the spatial dependence of adaptive loci in 43 European and 
Western Asian goat breeds using AFLP markers.  PLoS One, 9:e86668.  

Hohenlohe, P.A., M.D. Day, S.J. Amish, M.R. Miller, *N. Kamps-Hughes, M.C. Boyer, C.C. Muhlfeld, 
F.W. Allendorf, E.A. Johnson, and G. Luikart.  2013. Genomic patterns of introgression in 
rainbow and westslope cutthroat trout illuminated by overlapping paired-end RAD sequencing.  
Invited paper on next generation sequencing. Molecular Ecology, 22:3002–3013. 

Waples, R.A., G. Luikart, D.A. Tallmon, and J. Faulkner.  2013.  Simple life history traits explain key 
effective population size ratios across diverse taxa.  Proceedings of Royal Society B.  280: 
20131339 doi:10.1098/rspb.2013.1339. 

Cross, P.C., E. Maichak, *A. Brennan, M.R. Ebinger, B.M. Scurlock, J. Henningsen, and G. Luikart.  
2013. An ecological perspective on the changing face of Brucella abortus in the western 
United States.  Invited review, OIE Revue Scientifique. 32:79-87. 

Campbell, N.R., S.J. Amish, V. Pritchard, K. McKelvey, M. Young, M.K. Schwartz, J.C. Garza, G. 
Luikart, and S. Narum.  2012.  Development and evaluation of 200 novel SNP assays for 
population genetic studies of westslope cutthroat trout and genetic identification of related 
taxa. Molecular Ecology Resources, 12:942-9. 

Amish, S.J., P.A. Hohenlohe, R.F. Leary, C. Muhlfeld, F.W. Allendorf, and G. Luikart.  2012.  Next-
generation RAD sequencing to develop species-diagnostic SNPs chips:  An example from 
westslope cutthroat and rainbow trout.  Molecular Ecology Resources. 12:653–660.  doi: 
10.1111/j.1755-0998.2012.03157.x 

Pérez-Figueroa, A., R. Wallen, T. Antao, *J. Coombs, M.K. Schwartz, P.J. White and G. Luikart.  
2012.  Conserving genetic variability in large mammals:  Effect of population fluctuations and 
variance in male reproductive success on genome-wide variation in Yellowstone bison.  
Biological Conservation, 50:159-166. 

*See W., H. Edwards, *C. Almendra, *M. Kardos, J. Lowell, R. Wallen, S. Cain, B. Holben, and G. 
Luikart.  2012.  Yersinia enterocolitica: an unlikely cause of positive brucellosis tests in 
greater Yellowstone ecosystem bison.  Journal of Wildlife Diseases, 3:537-41. 

Landguth, E.L., C.C. Muhlfeld, and G. Luikart.  2011.  CDFISH: an individual-based, spatially-explicit, 
landscape genetics simulator for aquatic species in complex riverscapes.  Conservation 
Genetics Resources, 4:133–136. 

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 36 of 42

3-SER-605

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 5 of 300
(609 of 992)



 7

Ferreira, A.C., *C. Almendra, R. Cardoso, M.S. Pereira, A. Beja-Pereira, G. Luikart, and M.I.C. de Sá.  
2012.  Development and evaluation of a selective medium for improved isolation of Brucella 
suis. Research in Veterinary Science, 93:565-567. 

*Cosart, T., A. Beja-Pereira, S. Chen, J. Shendure, and G. Luikart.  2011.  Exome-wide DNA capture 
and next generation sequencing in domestic and wild species.  BMC Genomics, 12:347-355. 

Muhlfeld, C.C. J.J. Giersch, F.R Hauer, G.T. Pederson, G. Luikart, D.P. Peterson, C.C. Downs, and 
D.B. Fagre.  2011.  Climate change links fate of glaciers and a rare alpine invertebrate. 
Climate Change Letters, 106:327-345. 

Luikart, G., S.J. Amish, J. Winnie, R. Godinho, A. Beja-Pereira, F.W. Allendorf, and R.B. Harris.  
2011.  High connectivity among Argali from Afghanistan and adjacent countries: Assessment 
using neutral and candidate gene microsatellites.  Conservation Genetics, 12:921-931. 

Hohenlohe, P., Amish, S.J., J. Catchen, F.W. Allendorf, and G. Luikart.  2011. RAD sequencing 
identifies thousands of SNPs for assessing hybridization in rainbow and westslope cutthroat 
trout.  Invited paper, Molecular Ecology Resources, 11:117–122. 

*Johnson, H.E., L.S. Mills, J.D. Wehausen, T.R. Stephenson, and G. Luikart.  2011.  Translating 
effects of inbreeding depression on component vital rates to overall population growth in 
endangered bighorn sheep.  Conservation Biology, 25:1240-1249. 

*Short Bull, R.A, R. Mace, S.A. Cushman, *E.L Landguth, T. Chilton, K. Kendall, M.K. Schwartz, K.S. 
McKelvey, F.W. Allendorf, and G. Luikart.  2011.  Why replication is important in landscape 
genetics: Case of the American black bear in the Rocky Mountains.  Molecular Ecology, 6: 
1092–1107. 

Allendorf, F.W., P. Hohenlohe, and G. Luikart.  2010. Genomics and the future of conservation.  
Invited Review, Nature Reviews Genetics, 11:697-709. 

*Antao, T., A. Pérez-Figueroa, and G. Luikart.  2010.  Detecting population declines: High power of 
genetic monitoring using effective population size estimators.  Evolutionary Applications, 
4:144–154. 

*Landguth, E.L., S.A. Cushman, M. Murphy, and G. Luikart.  2010.  Quantifying landscape 
connectivity: Assessing lag time until barrier signals are detectable.  Molecular Ecology 
Resources, 19:4179–4191. 

England, P.R., G. Luikart, and R.S. Waples.  2010. Early detection of population fragmentation using 
linkage disequilibrium estimation of effective population size.  Conservation Genetics, 
11:2425–2430. 

Landguth, E.L., S.A. Cushman, M.K. Schwartz, K.S. McKelvey, M. Murphy, and G. Luikart.  2010.  
Relationships between migration rates and landscape resistance assessed using individual-
based simulations.  Molecular Ecology Resources, 10:854-862. 

Luikart, G., N. Ryman, D.A. Tallmon, M.K. Schwartz, and F.W. Allendorf.  2010.  Estimating census 
and effective population sizes:  Increasing usefulness of genetic methods.  Invited Review, 
Conservation Genetics, 11: 355-373. 

Ezenwa V.O., R.S. Etienne, G. Luikart, A. Beja-Pereira, *F. Gardipee, and A. E. Jolles.  2010. Hidden 
consequences of living in a wormy world: nematode-induced immune-suppression facilitates 
tuberculosis invasion in African buffalo.  American Naturalist, 176:613–624. 

Harris, R.B., J. Winnie, JR., S.J. Amish, A. Beja-Pereira, R. Godinho, and G. Luikart.  2010. 
Population estimation of argali (Ovis ammon) in the Afghan Pamir using capture-recapture 
modeling from fecal DNA.  Journal of Wildlife Management, 74:668–677. 

Cross, P.C., E.K. Cole, A.P. Dobson,  W.H. Edwards, K.L. Hamlin, G. Luikart, A. Middleton, B.M. 
Scurlock, and P.J. White.  2010. Probable causes of increasing elk brucellosis in the Greater 
Yellowstone Ecosystem. Ecological Applications, 20:278-288.  

Haussler, D. et al. 2009. Genome 10K: A proposal to obtain whole-genome sequence for 10,000 
vertebrate species. Journal of Heredity. 100:659-674. 

*Gebremedhin, B., G.F. Ficetola, *S. Naderi, *H.-R. Rezaei, *C. Maudet, D. Rioux, G. Luikart, Ø. 
Flagstad, W. Thuiller, and P. Taberlet.  2009.  Frontiers in identifying conservation units: from 
neutral markers to adaptive genetic variation. Invited commentary, Animal Conservation, 
12:107-109. 

Archie, E.A., G. Luikart, and V. Ezenwa.  2009.  Infecting epidemiology with genetics: A new frontier 
in disease ecology. Trends in Ecology and Evolution, 24:21-30.   

Beja-Pereira, A., *R. Oliviera, P.C. Alves, M.K. Schwartz, and G. Luikart.  2009.  Advancing ecological 
understanding through technological transformations in noninvasive genetics. Invited Review, 
Molecular Ecology Resources, 9:1279-1301. 

Beja-Pereira, A., B.J. Bricker, S. Chen, *C. Almendra, P.J. White, and G. Luikart.  2009. DNA 
genotyping suggests recent brucellosis outbreaks near Yellowstone National Park originate 
from elk. Journal of Wildlife Diseases, 45:1174-1177. 

Case 2:20-cv-00417-RAJ-MLP   Document 91-5   Filed 05/05/21   Page 37 of 42

3-SER-606

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 6 of 300
(610 of 992)



 8

*Oliveira, R., D. Castro, R. Godinho, G. Luikart, and P. C. Alves.  2009. Species identification using 
analysis of a nuclear gene: application to sympatric wild carnivores of Southwest Europe. 
Conservation Genetics, 11:1023-1032. 

Chen, A. et al. 2009.  Zebu cattle are an exclusive legacy of the South Asia Neolithic.  Molecular 
Biology and Evolution, 27:1-6. 

*Gebremedhin, B., *S. Naderi, *H-R. Rezaei, *C. Maudet, G.F. Ficetola, D. Rioux, G. Luikart, Ø. 
Flagstad, W. Thuiller, and P. Taberlet.  2009. Conservation status of the critically endangered 
Walia ibex (Capra walie): evidence from genetic data and environmental parameters.  Animal 
Conservation, 12:89-100. 

Pariset, L., A. Cuteri, C. Ligda, P. Ajmone-Marsan, A. Valentini, and the Econogene Consortium. 
2009. Geographical patterning of sixteen goat breeds from Italy, Albania and Greece 
assessed by Single Nucleotide Polymorphisms.  BMC Ecology, 9:20 (doi: 10.1186/1472-6785-
9-20). 

Pariset L., S. Joost, P.A. Marsan, A. Valentini, and the Econogene Consortium.  2009.  Landscape 
genomics and biased FST approaches reveal single nucleotide polymorphisms under selection 
in goat breeds of North-East Mediterranean.  BMC Genetics, 10:7 (doi: 10.1186/1471-2156-
10-7). 

*Da Silva, A., J.-M. Gaillard, N.G. Yoccoz, A.J.M. Hewison, M. Galan, T. Coulson, D. Allainé, *L. Vial, 
D. Delorme, G. Van Laere, F. Klein, and G. Luikart.  2009.  Heterozygosity-fitness 
correlations revealed by neutral and candidate gene markers in roe deer from a long-term 
study.  Evolution, 63:403-417. 

Luikart, G., K. Pilgrim, J. Visty, V.O. Ezenwa, and M.K. Schwartz.  2008.  Candidate gene 
microsatellite variation is associated with parasitism in wild bighorn sheep.  Biology Letters, 
4:228-231. 

*Antao, T., A. Lopes, R.J. Lopes, A. Beja-Pereira, and G. Luikart.  2008. LOSITAN: A workbench to 
detect molecular adaptation based on an Fst-outlier method.  BMC Bioinformatics,  9:323. 

*Almendra, C., *T.L. Silva, A. Beja-Pereira, A.C. Ferreira, L. Ferrão-Beck, M. I. Sá, B.J. Bricker, and G. 
Luikart.  2008. “HOOF-Print” VNTR genotyping and haplotype inference discriminates among 
Brucella spp isolates. Infection, Genetics and Evolution,  9:104-107. 

Allendorf, F.W., P.R. England, G. Luikart, G.A. Ritchie, and N. Ryman.  2008.  Genetic effects of 
harvest on wild animal populations. Trends in Ecology and Evolution, 6:327-337. 

Luikart, G., S., Zundel, D. Rioux, C. Miquel, K.A. Keating, J. T. Hogg, B. Steele, K. Foresman, and P. 
Taberlet.  2008.  Low genotyping error rates for microsatellite multiplexes and noninvasive 
fecal DNA samples from bighorn sheep. Journal of Wildlife Management,  72:299-304. 

Tallmon, D., A. Koyuk, G. Luikart, and M. Beaumont.  2008.  OneSamp: a program to estimate 
effective population size using approximate Bayesian computation.  Molecular Ecology 
Resources,  8:299-301. 

Chen, S., *V. Costa, V., M. Azevedo, G. Luikart, and A. Beja-Pereira.  2008.  New alleles of the 
bovine kappa-casein gene revealed by re-sequencing and haplotype inference analysis. J. 
Dairy Science,  91:3682-3686. 

Manel, S., F. Berthoud, *E. Bellemain, M. Gaudeul, G. Luikart, J.E. Swenson, L.P. Waits, and P. 
Taberlet.  2007.  A new individual-based spatial approach for identifying genetic discontinuities 
in natural populations: example application in brown bears.  Molecular Ecology, 16:2031-2043. 

*Antao, T.,  A. Beja-Pereira, and G. Luikart.  2007.  MODELER4SIMCOAL2: A user-friendly, extensible 
modeler of demography and linked loci for coalescent simulations. Bioinformatics, 23:1848-50. 

Schwartz, M.K., G. Luikart, and R.S. Waples.  2007.  Genetic monitoring as a promising tool for 
conservation and management. Trends in Ecology and Evolution,  22:25-33. 

*von Hardenberg, A., B. Bassano, M. Festa-Bianchet, G. Luikart, P. Lanfranchi, and D. Coltman.  
2007. Age-dependent genetic effects on a secondary sexual trait in male Alpine ibex Capra 
ibex.  Molecular Ecology,  16:1969–1980. 

England, J-M. Cornuet, *P. Berthier, D.A. Tallmon and G. Luikart.  2006. Estimating effective 
population size from linkage disequilibrium: severe bias using small samples.  Conservation 
Genetics,  7:303-308. 

Hogg, J.T., S.H. Forbes, B.M. Steele, and G. Luikart.  2006.  Genetic rescue of an insular 
population of large mammals.  Proceedings of the Royal Society, 273:1491-1499. 

Jordan, S., C. Miquel, P. Taberlet, and G. Luikart.  2006. Sequencing primers and SNPs for five 
rapidly evolving reproductive loci in endangered ibex and their kin (Bovidae, Capra spp.), 
Molecular Ecology Notes,  6:776-779. 

Liu, Y-P., G-S. Wu, Y-G. Yao, Y-W Miao, G. Luikart, *M. Baig, A. Beja-Pereira, Z-L. Ding, M G.  
Palanichamy, and Y-P. Zhang.  2006.  Multiple maternal origins of chickens: Out of the Asian 
jungles.  Molecular Phylogenetics and Evolution,  38:12-19. 
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Beja-Pereira, A., G. Luikart et al.  2006. Genetic evidence for multiple origins of European cattle in 
Near-East, Africa, and Europe.  Proceedings of the National Academy of Sciences, USA, 
103:8113-8118. 

*Valière, N., C. Bonenfant, C. Toïgo, G. Luikart, J-M. Gaillard, and F. Klein.  2006.  Importance of a 
pilot study for non-invasive genetic sampling: genotyping errors and population size estimation 
in red deer.  ,  

Fernández, H., G. Hodgins, C. Miquel, C. Hänni, G. Luikart, and P. Taberlet.  2006.  Divergent mtDNA 
lineages of goats in an early Neolithic site, far from the initial domestication areas.  
Proceedings of the National Academy of Sciences, USA, 103:15375-15379.  

*Da Silva, A., G. Luikart, N.G. Yoccoz, A. Cohas, and D. Allainé.  2005. Genetic diversity-fitness  
correlation revealed by microsatellite analyses in European Alpine marmots (Marmota 
marmota).  Conservation Genetics,  7:371-382. 

Fernández, H., P. Taberlet, M. Mashkour, J.-D. Vigne, and G. Luikart.  2005. Assessing the origin and  
diffusion of domestic goats using ancient DNA. In: The first steps of animal domestication: 
New archaeozoological approaches (Proceedings of the ICAZ Conference, Durham 2002). Pp. 
50-54. Oxford: Oxbow Books.  

Beja-Pereira, A., P.R. England, N. Ferrand, A. Bakheit, M.A. Abdalla, M. Mashkour, J. Jordana, P.  
Taberlet, and G. Luikart.  2004.  African origins of the domestic donkey.  Science, 304:1781. 

Morin, P.A., G. Luikart, R.K. Wayne, and SNP-workshop group.  2004. Applications of single  
nucleotide polymorphisms (SNPs) in ecology, evolution, and conservation. Trends in 
Ecology and Evolution, 19:208-216. 

Tallmon, D., G. Luikart, and M.A. Beaumont.  2004. Comparative evaluation of a new effective  
population size estimator based on approximate Bayesian summary statistics.  Genetics, 167: 
977-988. 

Tallmon, D.A., G. Luikart, and R.S. Waples.  2004. The alluring simplicity and complex reality of  
genetic rescue. Trends in Ecology and Evolution, 19:489-496.  

Schonhuth, S., G. Luikart, and I. Doadrio.  2004. Effects of a founder event and supplementary  
introductions on genetic variation in a captive breeding population of the endangered Spanish  
Killifish (Aphanius iberus).  Journal of Fish Biology, 63, 1538-1551. 

*Maudet, C., G. Luikart, D. Dubray, *A. Von Hardenberg, and P. Taberlet.  2004. Low genotyping  
error rates in ungulate feces sampled in winter. Molecular Ecology Notes, 4:772-775. 

Beja-Pereira, A., P.R. England, N. Ferrand, A. Bakhiet, M.A. Abdalla, M. Mashkour, J. Jordana, S. 
Jordan, P. Taberlet, and G. Luikart.  2004.  Twenty polymorphic microsatellites in two of the 
most threatened ungulates: Gazella dorcas and Ammotragus lervia (Bovidae, Artiodactlya).  
Molecular Ecology Notes, 4:452-455.   

*Jann, O.C., E.M. Prinzenberg, G. Luikart, A. Caroli, and G. Erhardt.  2004. High polymorphism 
            in the [kappa]-casein (CSN3) gene from wild and domestic caprine species revealed by DNA                  
            sequencing. J. Dairy Science, 71:188-195.  
Manel, S., M . Schwartz, and G. Luikart, P. Taberlet. 2003.  Landscape Genetics: combining  
 landscape ecology and population genetics. Trends in Ecology and Evolution, 18:189-197. 
Luikart, G., P.R. England, D. Tallmon, S. Jordan, and P. Taberlet.  2003. The power and promise of 

population genomics: from genotyping to genome typing. Nature Reviews Genetics, 4:981-994. 
*Vial, L., *Maudet C., and Luikart G.  2003. Thirty-four polymorphic microsatellites for European roe deer.  
 Molecular Ecology Notes, 3:523-525. 
*Da Silva, A., Luikart G., D. Allainé, Gautier, P. Taberlet, and F. Pompanon.  2003. Isolation and  

characterization of  microsatellites in European Alpine marmots, (Marmota marmota) 
Molecular Ecology Notes, 3:189-190. 

Bruford, MW, D. Bradley, and G. Luikart.  2003. DNA markers reveal the complexity of livestock  
domestication. Nature Reviews Genetics, 4:900-910.  

*Beja-Pereira, A., G. Luikart, P.R. England, D.G. Bradley, *O.C. Jann, G. Bertorelle, A.T.  
Chamberlain, T.P. Nunes, S. Metodiev, N. Ferrand, and G. Erhardt.  2003. Gene-culture 
coevolution between cattle milk protein genes and human lactase genes. Nature Genetics, 
35:311-313.  

*Maudet, C., *A. Beja-Pereira, *E. Zeyl, *H. Nagash, *D. Özüt, M-P Biju-Duval, *S. Boolormaa, A.  
Kence, P. Taberlet, and G. Luikart.  2004. A standard set of polymorphic microsatellites for  
threatened mountain ungulates (Caprini; Artiodactyla).  Molecular Ecology Notes, 4:49-55. 

*Maudet, C., C. Miller, B. Bassano, C. Breitenmoser-Würsten, D. Gauthier, G. Obexer-Ruff, J.  
Michallet, P. Taberlet, and G. Luikart.  2002.  Recent statistical genetic methods in wildlife  
conservation: applications in alpine ibex (Capra ibex [ibex]).  Molecular Ecology, 11:421-436. 

Berthier, P., M. A. Beaumont, J-M. Cornuet, and G. Luikart.  2002.  Likelihood-based estimation of  
the effective population size using temporal changes in allele frequencies: a genealogical  
approach.  Genetics, 160:741-751.   

Manel, S., P. Berthier, and G. Luikart.  2002.  Detecting wildlife poaching: identifying the  
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origin of individuals using Bayesian assignment tests and multi-locus genotypes.   
Conservation Biology, 16:650-657. 

*Maudet, C., G. Luikart, and P. Taberlet.  2002. Genetic diversity and assignment tests among  
seven French cattle breeds based on microsatellite DNA analysis. J. Animal Science, 80:942-

 950. 
Waits, L, G. Luikart, and P. Taberlet.  2001.  Estimating the probability of identity among 

genotypes in natural populations: cautions and guidelines. Molecular Ecology, 10:249-56. 
Luikart, G., L. Gielly, L. Excoffier, J-D. Vigne, J. Bouvet, and P. Taberlet.  2001.  Multiple  

maternal origins and weak phylogeographic structure in domestic goats. Proceedings of the  
National Academy of Sciences, USA 98:5927-5930.   

*Maudet, C., G. Luikart, and P. Taberlet.  2001.  Development of microsatellite multiplexes for wild  
goats using primers designed from domestic Bovidae.  Genetics Selection and Evolution, 
33:S193-S203 (Suppl. 1).  

Sih, A., B.G. Johnson, and G. Luikart.  2000.  Habitat loss: ecological, evolutionary and genetic  
 consequences. Trends in Ecology and Evolution, 15:132-34. 
Ramey, R.R. II, G. Luikart, and F. Singer.  2000.  Genetic bottlenecks resulting from restoration  

efforts: the case of bighorn sheep in Badlands National Park.  Restoration Ecology, 8:85-90. 
Luikart, G., J-M. Cornuet, and F.W. Allendorf.  1999. Temporal changes in allele frequencies provide  
 estimates of population bottleneck size.  Conservation Biology, 13:523-530. 
Piry, S., G. Luikart, and J-M. Cornuet.  1999.  Bottleneck: A computer program for detecting recent reductions 

in effective population size from allele frequency data.  J. Heredity, 90:502-503. 
Luikart, G. and J-M. Cornuet.  1999.  Estimating the effective number of breeders from 
 heterozygote-excess in progeny.  Genetics, 151:1211-1216. 
Luikart, G. and P.R. England.  1999.  Statistical analysis of microsatellite DNA data.  rgds in 
 Ecology and Evolution,  14:253-256. 
Taberlet, P., L. Waits, and G. Luikart.  1999.  Non-invasive genetic sampling: look before you leap. 

Trends in Ecology and Evolution, 14:323-327.  
Taberlet, P. and G. Luikart.  1999.  Non-invasive genetic sampling and individual identification.   
 Biological Journal of the Linnean Society, 68:41-55.  
Cornuet, J-M., S. Piry, and G. Luikart, A. Estoup, and M. Solignac. 1999.  New methods employing 

multilocus genotypes for selecting or excluding populations as origins of individuals. 
Genetics, 153:1989-2000. 

Schwartz, M.K., D.A. Tallmon, and G. Luikart.  1999.  DNA-based methods for estimating  
population size: many methods, much potential, unknown utility.  Animal Conservation, 
2:321-323.  

Luikart, G., M-P Bidju-Duval, O. Ertugrul, Y. Zagdsuren, C. Maudet, and P. Taberlet.  1999.   
Power of 22 microsatellite markers in fluorescent multiplexes for semi-automated parentage 
testing in goats (Capra hircus).  Animal Genetics, 30:31-38. 

Taberlet, P. and G. Luikart.  1999.  Non-invasive genetic sampling and individual identification.   
 Biological Journal of the Linnean Society, 68:41-55.  
Luikart, G. and J-M. Cornuet.  1998.  Empirical evaluation of a test for detecting recent historical 

population bottlenecks.  Conservation Biology, 12:228-237. 
Luikart, G., W. Sherwin, B. Steele, and F.W. Allendorf.  1998.  Usefulness of molecular markers for  
 detecting population bottlenecks via monitoring genetic change.  Molecular Ecology, 7:963-974.  
Luikart, G., J-M. Cornuet, F.W. Allendorf, and W.B. Sherwin.  1998.  Distortion of allele frequency distributions 

provides a test for recent population bottlenecks. J. Heredity, 89: 238-247. 
Schwartz, M.K., D.A. Tallmon, and G. Luikart. 1998.  Review of DNA-based census and effective  
 population size estimators.  Animal Conservation, 1:293-299.   
Luikart, G., J. Painter, R. Crozier, and M. Westerman.  1997.  Characterization of microsatellite loci in the 

endangered long-footed potoroo, Potorous longipes.  Molecular Ecology, 6:497-498.    
Luikart, G., and F.W. Allendorf.  1996.  Mitochondrial DNA variation and genetic population structure in 

Rocky Mountain bighorn sheep.  Journal of Mammalogy, 77:123-131. 
Cornuet, J-M. and G. Luikart.  1996.  Description and evaluation of two tests for detecting recent population 

bottlenecks from allele frequency data.  Genetics, 144:2001-2014. 
 
PUBLICATIONS in review or in prep: (*students, ^postdocs) 
 

*Moreno, N., *L. Howard, S. Relyea, J. Dunnigan, M. Boyer, ^M. Kardos, S. Glaberman, G. Luikart,  
and Y. Chiari.  2021. Gene expression estimates: Influence of sequencing library, sampling 
methods, tissue type, and harvest time in native fish. Molec. Ecol. Resources, In review. 

Miller, D. S. Amish, G. Luikart. In Prep. Invasive zebra mussel detection sensitivity is improved by  
orders of magnitude using a large-volume sampling method. In prep. 

Dahlquist, Z., Miller, D. Amish, S., G. Luikart. Environmental DNA testing detects invasive zebra  
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mussels more often than microscopy from plankton tow net samples. In prep 
Amish, S.J., S. Bernall, P. DeHaan, M. Miller, S. O’Rourke, M.C. Boyer, C. Muhlfeld, S. Painter, R.F.  

Leary, and G. Luikart.  Improved relatedness estimation, hybrid detection, and sex  
identification using a SNP-chip developed from next generation RAD sequencing in threatened 
bull trout.  In revision. 

Hand, B.K., G. Luikart, S. Narum et al.  Testing for genomic signatures of adaptation to captivity in 
Chinook salmon. In prep. 

Myers, B.J.E. et al.  A new framework to test model-based biodiversity projections for policy  
formulation and implementation. Biosciences, Accepted pending revision. 

Hand, B.K., Raiford D.W., Landguth E.L., G. Luikart, J. Glassy. GARM: A machine learning algorithm 
for creating resistance maps in landscape genetics. In revision. 

Hand, B.K., Raiford D.W., Lowe W.H., Cross P.C., Anderson N.J., Chen S., and Luikart G. 
Confronting uncertainty in landscape genetics: a case study of elk connectivity in the Greater 
Yellowstone Ecosystem. In revision. 

*Cosart, T., S.J. Amish, S. Smith, A. Beja-Pereira, and G. Luikart.  Next-generation sequencing of  
thousands of genes in divergent non-model taxa using exon capture. In prep. 

Jordan, S., S. Naderi, H. Reza, and G. Luikart.  An improved Capra phylogeny from extensive 
sampling of wild populations and nuclear genes reveals origins and relationships of domestic 
and wild goats. In revision. 

 
SELECTED GRANTS AND CONTRACTS AWARDED (RECENTLY):  
  

NASA-ROSES:  Predicting the Spread of Aquatic Invasive Species Using Remote Sensing, Genetics, 
and Climate Modeling. $740k.  2019-2022. 

NASA-ROSES (Ecological forecasting for conservation):  Projecting effects of climate change on river 
habitats and salmonid fishes.  $750k.  2014-2018.  

NSF-DoB: (Dimensions of Biodiversity) - Predicting Biodiversity Vulnerability to Climate Change:  
Integrating Phylogenetic, Genomic, and Function Diversity in River Floodplains. $2M. 2016-20.  

NSF-DEB: Evolutionary mechanisms influencing the spread of hybridization: genomics, fitness, and 
dispersal.  $600k.  2013-2017. 

MREDI (Montana University System): Development of autonomous chemical and biological 
instrumentation for environmental and industrial monitoring. M. DeGrandpre (PI), O. 
Berryman, C. Palmer, S. Amish, G. Luikart.  $1.4M, 2015-2017 

ARC (Australian Research Council) Linkage grant funding for a research project entitled “Genomics for 
persistence of Australia freshwater fish”.  P. Sunnucks et al.  2010-2017.  

NSF-ABI (Advances in Biological Informatics). ABI Development: The ECGen Pipeline: Improving 
genomics data analysis and inferences in ecological genomics. Pending resubmission: . 

 
SYNERGISTIC ACTIVITIES & OUTREACH: 
  

 Development of young scientists – I have mentored >60 undergrad and grad students (& 
published with >30), mentored >6 postdocs, and helped occasional high school students in 
research projects. My lab group mentored 10 university undergrads from Montana and nationwide 
working on aquatic ecology projects for 2-20 weeks per student per summer in 2013-2016. I also 
teach several primary school classes each year about science, aquatic ecology, & conservation.  

 Organizing courses - Population Genetic Data Analysis for graduate students, Portugal, 2006, 
2008; for MS, PhD, postdocs and faculty, Montana, 2007, 2009, 2011, 2013-2020; e.g. 
www.popgen.net/congen2013; http://www.umt.edu/ces/conferences/congen/. Workshop/courses 
on invasive species detection with representatives from US Forest Service, US Geological 
Survey, Montana Fish Wildlife and Parks, and County Weed Districts. 

 Development of educational and fundraising videos (with collaborators) – on ”Conservation 
Genetics” https://www.youtube.com/watch?v=MlaQnjibMq0; and ”Aquatic invasive species” 
prevention and eDNA detection 
https://www.youtube.com/watch?v=ONXV2hhTp44&feature=youtu.be ; and citizen science 
“sampling of trout” training video: https://www.youtube.com/watch?v=ymETcLLm5QY;  and on 
sampling wildlife to understand and control disease transmission http://vimeo.com/33527913; 
http://www.gyebrucellosis.net/index.php. See Brit Garner’s CV (videographer). 

 Advising managers, agencies & specialist groups (selected examples) – Montana Fish Wildlife 
and Parks cutthroat trout conservation committee; expert witness and consultant on hatcheries 
and wild salmon for Wild Fish Conservancy (WFC), Oregon and Washington state law firms 2011-
present; Swan Valley Trout Restoration Program advisor; co-authored sections of MFWP bighorn 
sheep conservation action plan. IUCN Caprinae Specialists Group, taxonomy working group, 
2001–2011. IUCN Genetics Specialist Group. GEO BON Genetics Composition working group, 
and GEO BON Species Populations working group.   
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 12

 Formal exchange program agreements – Established between The University of Montana and 
The University of Porto, Portugal, 2007, 2009-present; and the National Zoological Gardens of 
South Africa 2018-present; Obtained funding for students and faculty from Montana to travel to 
and research in Portugal, 2006-present; South Africa 2018-2019.  

 Reviewer – for the US National Science Foundation (proposals and panels), Genome Canada, 
and journals and agencies including: Nature Reviews Genetics, Proceedings of the Royal Society 
B, Science, Trends in Ecology & Evolution, Science. Advisory board member for the Journal 
Environmental DNA. 
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KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

SECOND LACY DECLARATION - 1 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator for the National 
Marine Fisheries Service, et al., 
 
      Defendants, 
 
and 
 
ALASKA TROLLERS ASSOCIATION, and 
STATE OF ALASKA, 
 
      Defendant-Intervenors. 
 

 
Case No. 2:20-cv-00417-RAJ-MLP  
 
SECOND DECLARATION OF DR. 
ROBERT LACY, Ph.D. 

 
 I, Robert Lacy, state and declare as follows; 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I previously prepared a declaration that was submitted in this matter on April 16, 

2020—Declaration of Dr. Robert Lacy, Ph.D, Dkt. No. 14-3 (“First Lacy Declaration”). The 

First Lacy Declaration described my professional qualifications and the work that I had 
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KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

SECOND LACY DECLARATION - 2 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

performed and opinions that I had developed in this matter up to that point. I do not repeat those 

efforts here, but instead incorporation them with this reference. 

3. In preparing this Second Lacy Declaration, I have considered the following 

additional materials not addressed in the First Lacy Declaration: 

a. 2020 demographic data provided by the Center for Whale Research on births, 

deaths, and the current age structure of the Southern Resident Killer Whale population; 

b. A report of new analyses by Fisheries & Oceans Canada on the impacts of 

Chinook abundance and other threats on Southern and Northern Resident Killer Whales that has 

been accepted by the scientific journal Biological Conservation and will be available as an on-

line publication within the next week or two (Murray, C.C., et al. 2021. “A cumulative effects 

model for population trajectories of resident killer whales in the Northeast Pacific” Biological 

Conservation); 

c. Published analysis from a research team led by National Marine Fisheries 

Services (“NMFS”) scientists of the species and stock composition of the prey used by the 

Southern Resident Killer Whales (Hanson, M.B., et al. 2021. “Endangered predators and 

endangered prey: Seasonal diet of Southern Resident killer whale” PlosOne 16:e0247031). 

4. I have conducted further analyses using these subsequently developed data. This 

declaration is intended to supplement the opinions expressed in the First Lacy Declaration to 

describe those new efforts. Except as expressly stated herein, I continue to hold the opinions 

described in the First Lacy Declaration. 

5. This declaration also responds to various remarks on the First Lacy Declaration 

contained in the Declaration of Lynne Barre, Dkt. No. 43-3 (“Barre Declaration”). 

6. In summary, the opinions I express herein are as follows: 
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SECOND LACY DECLARATION - 3 
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CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

a. Analyses that make use of the most recent data on the Southern Resident Killer 

Whale population reinforce my earlier conclusions that the population is projected to be in slow 

decline and that increases in Chinook prey availability could stop the decline and allow the 

population to recover.  

b. Using the most recent killer whale demographic data, I now estimate that a 5% 

increase in Chinook abundance, which is the maximum increase that NMFS claims could result 

if the proposed increases in hatchery production were fully implemented, would be sufficient to 

stop the decline, but would not be sufficient to support the growing population called for in the 

Recovery Plan. Therefore, reductions or modifications of Chinook harvest would be necessary to 

provide the level of increase in abundance of the preferred prey of the Southern Resident Killer 

Whales that is needed to allow growth and recovery of the killer whale population.  

c. If recent estimates of weaker relationships of Resident Killer Whale birth and 

death rates on Chinook abundance are incorporated into the population projections, I would then 

estimate that the Chinook available to the killer whales would need to increase by more than 

10% to stop the decline of the Southern Resident Killer Whales. 

d. The Barre Declaration incorrectly states that the analyses of effects of changing 

abundance of Chinook depend on an assumption that all Chinook that escape from the fishery 

would be consumed by Southern Resident Killer Whales. 

e. The Barre Declaration incorrectly asserts that the analyses presented in the First 

Lacy Declaration include the effect of Chinook prey as the only factor influencing the Southern 

Resident Killer Whale population growth and recovery. 

f. The Barre Declaration criticizes the population analyses in the First Lacy 

Declaration for using outdated estimates of the correlation between prey abundance and killer 
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CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

whale birth and death rates and asserts that newer analyses show weaker effects. The Barre 

Declaration did not identify any such revised analyses available in peer-reviewed scientific 

publications as of the time of the First Lacy Declaration. However, as this Second Lacy 

Declaration was being prepared, a report based on recent analyses of the Fisheries and Oceans 

Canada (to which I was a contributor) was formally accepted by the journal Biological 

Conservation and will be published this month. That report found relationships of Southern 

Resident Killer Whale birth and death rates to Chinook abundance that are weaker than had been 

reported previously, but the report notes again that Chinook abundance has the largest effect of 

those factors that have been identified as possible threats to the Southern Resident Killer Whale 

population. As noted in paragraph 6.c, above, if the relationship of killer whale demography to 

Chinook abundance is weaker than previously estimated, then actions that result in greater 

increases in Chinook available to Southern Resident Killer Whales will be required to achieve 

population recovery. 

Updated Population Viability Analyses 

7. The analyses presented in First Lacy Declaration were based on the long-term, 

detailed records of births and deaths in the Southern Resident Killer Whale population from 1976 

through December 2019. Those years of monitoring include periods of population growth (e.g., 

1984-1994) as well as periods of decline (e.g., 1995-2001, and most recently 2016-2019). 

Projections were made of population growth expected for the population as it existed at the 

beginning of 2020, under a variety of scenarios of possibly improved levels of the Chinook prey 

abundance. Fortunately, since those analyses were completed, the population has increased by 

one in 2020, due to two births (a male and a female that are still living) and one death (a 43-year-

old male). Another birth has occurred in early 2021.  
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8. I have added those recent demographic events to the data and re-calculated the 

long-term mean birth and death rates for the years 1976 through the end of 2020. (The 2021 birth 

was not included in these calculations of birth and death rates because it is not yet known if it 

will survive into the next year, and we do not yet have data on the full 2021 year of 

reproduction.) I then repeated the same population projections as were presented in First Lacy 

Declaration, but now with the updated birth and death rates and projecting forward from the 

population as it exists as of March 2021. With these updated analyses, I now project an average 

rate of decline of 0.4%. This is slightly slower than the 1% annual decline projected a year 

earlier in the First Lacy Declaration. I now estimate that the probability of the population 

becoming functionally extinct with fewer than 30 animals during the next 100 years is 21%, 

compared to the 59% estimated a year ago. These changes result from the available data now 

including the better calf survival of the past year, no deaths of females in 2020, and a slightly 

larger current population. The current projections fall between prior estimates made from data 

through 2015 and the estimate made from data through 2019, as expected since the population 

declined in the years 2016-2019, but slightly recovered in 2020. I caution, however, that 

fluctuations in births and deaths from year to year are expected, and short-term changes in the 

population should not be assumed to be indicative of long-term trends. An advantage of the 

population viability analysis models that I and others use is that the models can indicate the long-

term consequences of historic patterns and known or projected changes to the habitat. A common 

definition of endangerment used in Endangered Species designations by the U.S. Fish & Wildlife 

Service is that there is a greater than 5% probability of extinction within 100 years. The current 

risk to the Southern Resident Killer Whale far exceeds this threshold, even with the small 

improvement observed in 2020.  
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9. I repeated the analyses of population projections with several levels of increased 

Chinook salmon abundance. With the newest demographic data included, I now estimate that 

prey availability would need to increase about 5% relative to the long-term (1976-2020) average 

in order to stop the long-term decline of the Southern Resident Killer Whale (i.e., to achieve zero 

population growth), and Chinook would need to increase about 30% to result in the 2.3% growth 

specified for delisting in the species’ Recovery Plan. These estimates are marginally more 

optimistic than the estimated 10% and 35% more Chinook that were calculated a year ago for 

halting the decline and achieving recovery, respectively. 

10. The 2019 biological opinion on Southeast Alaska salmon fisheries (“2019 SEAK 

BiOp”) discussed possible mitigation measures that would attempt to increase the prey 

availability for Southern Resident Killer Whales. The 2019 SEAK BiOp estimates the newly 

negotiated 2019 Pacific Salmon Treaty will reduce the Southeast Alaska fishery annual harvest 

of Chinook by up to 7.5% relative to the harvest under the 2009 Treaty. A proposed increase in 

hatchery production mitigation seeks to provide 4% to 5% increase in prey available to the 

Southern Resident Killer Whales. The increase in hatchery production is not yet funded, so I 

would expect a delay of at least 5 to 10 years to account for allocation of funds, construction of 

any new facilities, increased programs of production, and then growth of hatchery-raised 

Chinook to the size preferred by killer whales as prey.   

11. I applied these estimates from the 2019 SEAK BiOp to the population viability 

analysis (“PVA”) model, with the updated estimates of demographic rates. The estimated 7.5% 

(maximum) reduction in the Southeast Alaska fishery, applied to a typical 6% reduction in prey 

available to the Southern Resident Killer Whales caused by the Southeast Alaska fishery as a 

whole (the 6% being an approximate middle value from the many estimates made in the SEAK 
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BiOp), results in a less than 0.5% increase in the Southern Resident Killer Whale prey. This is 

only 1/10th of the 5% increase that is now projected to be needed to achieve even a cessation of 

the decline in Southern Resident Killer Whale population.  

12. To estimate the possible reductions in threats to the Southern Resident Killer 

Whale that might be achieved with greater reductions in Chinook fisheries, I used the updated 

estimates to project the Southern Resident Killer Whale population growth with an immediate 

6% increase in Chinook prey, and a 3% and a 12% increase in prey (half and double the middle 

estimate, covering most of the range of values reported in the 2019 SEAK BiOp for specific 

stocks and years). As shown in the following graph, with the existing baseline in red (bottom 

line), the PVA projections for these scenarios show that the 3% increase in Chinook results in a 

mean 0.1% decline in Southern Resident Killer Whale population per year (blue line), the 6% 

increase in Chinook results in a slow 0.2% increase of the Southern Resident Killer Whale 

population (green line), and the 12% increase results in 0.7% positive growth annually (top, 

black line). Thus, adequate prey to support growth of the Southern Resident Killer Whale 

population could be achieved by reductions in harvest of Chinook, whether from the SEAK 

fishery or other fisheries that impact Chinook stocks utilized by the killer whales.  
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13. With the updated demographic calculations, if the proposed hatchery expansion 

identified by NMFS in the 2019 SEAK BiOp were fully implemented and achieved the 

maximum increase in prey predicted by NMFS of 5%, Chinook available to the Southern 

Resident Killer Whale might be just sufficient to halt the decline, but still not allow recovery, of 

the Southern Resident Killer Whale. NMFS predicts a delay of 5 to 10 years in achieving the 

increase in prey through hatchery production due to time required to implement programs and for 

the released Chinook to mature. The Southern Resident Killer Whale population is predicted to 

lose about 2 or 4 whales over the 5 or 10 years, respectively, during that period. 

Responses to Statements Made in the Barre Declaration 

14. The Barre Declaration contains statements about the modeling and conclusions in 

the First Lacy Declaration that are misleading, inaccurate, or actually under-cut NMFS’s position 
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that refined analyses would not support my conclusions. 

15. It is stated in several places in the Barre Declaration that the changes in the 

abundance of Chinook salmon available to Southern Resident Killer Whales would have a 

smaller effect than projected because “the SRKW would not intercept and consume all of those 

fish,” “the fish are subject to other predators and sources of mortality,” and “not all the fish 

escaping the fishery and migrating south would be intercepted by or consumed by the whales.” 

However, no one claims that all the fish escaping the fishery would be consumed by the whales, 

and it is illogical to assert that such an assumption is necessary in order to estimate the impacts 

on killer whales of a change in overall abundance of the primary prey. A given percent change in 

the Chinook available to Southern Resident Killer Whales (for example, a 5% increase) will 

result in the same percent change in the Chinook eaten by the Southern Resident Killer Whales, 

regardless of whether the killer whales consume 1%, 10%, 25%, or any particular proportion of 

the total prey abundance, unless other factors (such as the efficiency with which killer whales 

can catch salmon) also change. Moreover, the demographic calculations on which the population 

projections are based estimate the relationships between the demographic rates experienced by 

the Southern Resident Killer Whales and indices of the overall Chinook abundance, not 

relationships to the unknown number of Chinook salmon actually consumed by Southern 

Resident Killer Whales. Importantly, the multiple analyses that have shown impacts of Chinook 

abundance on Southern Resident Killer Whale birth and death rates – including the most recently 

published analyses – demonstrate that the killer whales do not adjust their feeding behavior in a 

way that fully offsets the effect of changes in Chinook abundance.  

16. The Barre Declaration incorrectly states that my analyses focus “on SEAK 

fisheries alone as the only factor influencing recovery of the Southern Resident Killer Whale 
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population.” As acknowledged in the 2019 SEAK BiOp, my population projections specifically 

include impacts of boat disturbance and PCBs, the two other factors identified by NMFS and 

others as primary threats to the Southern Resident Killer Whale. For example, with the structure 

of the model and the parameter estimates that I used, a delay or slowing of reproduction by 

females will be predicted to lead to greater accumulation of PCBs in their tissues and therefore 

reduced survival of their calves. Conversely, increased reproduction will lead to reduced PCB 

loads in adult females (due to depuration via lactation) and therefore improved calf survival. A 

powerful advantage to the Population Viability Analysis modeling approach that I and others 

have used is that it can incorporate such cumulative and interacting impacts of multiple threats 

and allow statistical analysis of the relative role of each threat in influencing population growth 

and recovery. My multiple papers and reports on the factors influencing Southern Resident Killer 

Whales and the benefits of various possible management actions all take this approach and 

conclude that the impact of Chinook abundance is greater than that of the other identified threats. 

The First Lacy Declaration focuses on the Chinook availability because that is the factor being 

addressed in the 2019 SEAK BiOp and in this case. I have at other times and for other agencies 

presented findings from my analyses related to impacts of other factors such as PCBs, boat 

disturbance, and oil spills when those factors were being addressed in resource management and 

recovery plans, and I have shown that a strategy that combines improvements to Chinook 

abundance with reductions in noise and PCBs can achieve faster recovery than would a focus on 

Chinook prey abundance alone (Lacy et al. 2017).  

17. The Barre Declaration states “their conclusion that prey is most important is 

highly dependent on the assumptions and inputs to the model and their reliance on outdated 

correlations between prey abundance and whale vital rates.” However, all models and all 
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analyses, including those of NMFS, are necessarily dependent on the assumptions and inputs. 

What is relevant is whether the analyses use the best, documented sources of data to provide 

those inputs. At the time of the First Lacy Declaration and the Barre Declaration, I used the 

estimated relationships between prey abundance and Southern Resident Killer Whale 

demographic rates that had been published in peer-reviewed scientific literature. A report of 

Fisheries and Oceans Canada had presented new analyses of a working group, in which I 

participated (Murray et al. 2019. Cumulative Effects Assessment for Northern and Southern 

Resident Killer Whale Populations in the Northeast Pacific. DFO Can. Sci. Advis. Sec. Res. Doc. 

2019/056. x. + 88 p). That report found weaker relationships of Chinook abundance to Resident 

Killer Whale birth and deaths rates in recent years, but again concludes that “prey availability 

was the most important threat for these populations [the Northern and Southern Resident Killer 

Whales] followed by vessel noise/presence” and that the findings “strongly support the 

significant role of prey availability in determining the population trajectory of these populations, 

and are consistent with previous work.” However, that document acknowledges in its Foreword 

that it is “not intended as definitive statements on the subjects addressed but rather as progress 

reports on ongoing investigations.” Therefore, I did not incorporate those provisional estimates 

of impacts of prey availability into my analyses for the First Lacy Declaration.  

18. The findings in the report of Fisheries and Oceans Canada (after some corrections 

to the tabular display of calculations) have recently been accepted (on 2 April 2021) and will be 

published this month (Murray et al. 2021. Biological Conservation). These recent estimates of 

impacts of prey availability would have no effect on the projections for the Southern Resident 

Killer Whale population under current conditions, because that projection of slow decline is 

based on the long-term average birth and death rates and an assumption that the availability of 
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Chinook to the killer whales will remain, on average, as it has been in recent decades (1976-

2020). However, if we use the weaker relationships reported in Murray et al. (2021), rather than 

the relationships estimated in other scientific studies on which I relied previously, then 

projections of Southern Resident Killer Whale population growth under improved stocks of 

Chinook will necessarily show lesser benefits would be achieved by any given percent increase 

in Chinook. If I use the estimates of reduced prey effects, I calculate that at least a 10% 

improvement in the mean abundance of Chinook available to the Southern Resident Killer 

Whales would be necessary to stop the long-term decline in the killer whale population. This is 

about the same as was estimated in the First Lacy Declaration, and it again indicates that the 

management actions proposed by NMFS are not projected to be adequate to stop the decline in 

the population. With these revised model inputs, I calculate that a 12% improvement in Chinook 

abundance would be required to reduce the probability of extinction from the currently estimated 

21% to the 5% that would indicate escape from endangerment. 

19. The Barre Declaration notes that “correlation does not mean causation” and 

suggests therefore that changing Chinook abundance might not affect the Southern Resident 

Killer Whales. This assertion is counter to prior statements by NMFS, and it overlooks that 

multiple studies using varied methodologies and data sets, including the most recent analysis by 

Fisheries and Oceans Canada, have found both that Chinook abundance influences Southern 

Resident Killer Whale demography and that the Chinook abundance has the largest effect of 

those factors that have been identified as possible threats to the population. Moreover, virtually 

all species recovery plans are based on the logical conclusion that when other documented 

possible causes of responses have been removed through statistical analysis, then observed 

correlations are our best indication that a causal relationship exists and should be the focus of 
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management action. Otherwise, no actions to protect and recover the Southern Resident Killer 

Whale (or any endangered species) would ever be taken, because it is not possible to do the 

experimental manipulations (with adequate sample size, replication, and controls) that would be 

necessary to definitively prove causation.  

20. The Barre Declaration also asserts that “more recent data shows that the 

correlations have weakened.” However, those findings were not yet available in peer-reviewed 

scientific literature at the time of the First Lacy Declaration, the Barre Declaration did not 

present any such revised statistical analyses, and each study of which I am aware comes to the 

conclusion that the prey availability is the factor with the largest impact on the Southern 

Resident Killer Whale. As noted above (paragraph 18), using the results from the pending 

publication of a study that show weaker (but not zero) correlations does not change the overall 

conclusion that improving Chinook abundance can achieve recovery of the Southern Resident 

Killer Whale population, but only if the Chinook abundance is increased by more than NMFS 

estimates will be achieved by the actions described in the 2019 SEAK BiOp.  

21. Moreover, in March 2021 NMFS scientists and other scientists published an 

extensive analysis of the seasonal diet of Southern Resident Killer Whales (Hanson et al. 2021). 

Regarding the statistical association between prey abundance and killer whale fecundity, Hanson 

and colleagues cite the same documents (Ward et al. 2009 and Ford et al. 2010) that provided the 

correlations between Chinook abundance and killer whale demography that Barre dismisses as 

“outdated.” Hanson et al. go on to state “… our finding that Chinook salmon prominently 

appeared in the diet year-round suggests this relationship may be causal.” Dr. Barre was a co-

author of this paper, and it neither provides nor relies upon any more recent data. 

22. Published analyses of the correlations between prey abundance and killer whale 
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demography all note that it is difficult to know which salmon stocks are most important to the 

Southern Resident Killer Whale. Those studies concur, however, that aggregate indices of 

multiple stocks of Chinook provide the best predictor of Southern Resident Killer Whale 

demographic rates. To the extent that these statistical analyses failed to identify the specific mix 

of Chinook stocks that are most important to the Southern Resident Killer Whales, the analyses 

would under-estimate the strength of the true relationships. Importantly, if the correlations have 

recently become weaker, revised analyses show that greater increases in prey abundance will be 

needed in order to stop the decline and achieve recovery. The arguments made in the Barre 

Declaration for a weaker correlation would suggest that the projections I made are overly 

optimistic and that prey availability would need to increase more that I estimated in order for the 

Southern Resident Killer Whale population to stabilize or achieve recovery.  

23. The Barre Declaration asserts that the better forecasted salmon abundance in 2020 

shows that the Southeast Alaska exclusive economic zone “fishery would not have any 

meaningful effect on the health or status of any individual SRKW” and states “[i]n the 2019 

biological opinion NMFS concluded the SEAK fisheries would not appreciably reduce 

reproduction or survival and would not jeopardize the SRKW. This finding remains valid in light 

of our recent analysis for 2020.” Given the acknowledged high variability and unpredictability of 

salmon abundance in any given year, the expectation for a single year cannot provide strong 

support for any conclusions. However, the improved demography of the Southern Resident 

Killer Whale in 2020, compared to the prior four years, coincided with that forecasted better 

abundance of prey, which would support the contention that the Southern Resident Killer Whales 

are significantly affected by prey abundance.  
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I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and accurate. 

 Executed this 3rd day of May, 2021. 

 

 
           
   Robert Lacy, Ph.D. 
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 
 

Plaintiff, 
 

v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al., 
 

Defendants. 
 

 
Case No. 2:20-cv-00417-MLP 
 
DECLARATION OF DR. DEBORAH 
GILES, Ph.D. 

 
 I, Deborah Giles, state and declare as follows; 

1. I have been retained by Plaintiff Wild Fish Conservancy, by and through counsel, 

to provide my expert evaluation and opinion regarding the Southern Resident killer whale 

population. This declaration provides my opinions and conclusions, including scientific 

information regarding Southern Resident killer whales and their physiological health. I have actual 

knowledge of the matters stated herein and could and would so testify if called as a witness. 

2. I received my PhD from the University of California Davis in 2014. My master’s 

thesis and PhD dissertation both focused on Southern Resident killer whales. Currently, I am a 

killer whale scientist in the Center for Conservation Biology, and resident scientist and lecturer at 
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the University of Washington, where I teach Marine Mammals of the Salish Sea and Marine 

Biology. In addition, I am the science and research director for the nonprofit Wild Orca, translating 

science and engaging with the public and policy makers to prevent the extinction of the critically 

endangered Southern Resident killer whales. I was formerly the killer whale research director at 

the Center for Whale Research. 

3. My professional background, experience, and publications are detailed in my 

curriculum vitae, a true and accurate copy which is attached as Exhibit A to this declaration.  

4. Since 2009, I’ve worked with Dr. Samuel Wasser and the University of 

Washington’s Conservation Canine team, utilizing detection dogs to locate floating killer whale 

fecal matter to monitor the physiological health of Southern Resident killer whales.  Southern 

Resident killer whale feces can be genotyped to determine which whale the fecal sample came 

from, and they can be examined for stress, nutrition and pregnancy hormones, toxicants, 

microbiome, parasites, bacteria, and microplastics found in the whales. Analysis of fecal samples 

confirms that Chinook salmon are the dominant fish species eaten by these whales.   

5. Since 2010, I have worked with the National Oceanic and Atmospheric 

Administration’s National Marine Fisheries Service (NMFS) on a project deploying acoustic 

suction-cup recording tags on killer whales, to measure received noise levels by whales. In 2018-

2019, I served on Washington State Governor Inslee’s Southern Resident Killer Whale Recovery 

Task Force on the prey and vessel working groups, and was an invited panelist for Governor 

Inslee’s Lower Snake River Dams Stakeholder Engagement workgroup.  

NMFS listed the Southern Resident killer whales as endangered under the Endangered 

Species Act (ESA) in 2005, when the population numbered 88 whales. Despite almost fifteen years 

of federal protection, the population has continued to decline from a high census count in 1995 of 
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98 whales, to a near historic low of only 75 whales today, with three calves under a year old. 

NMFS has recognized the Southern Resident killer whales as one of eight marine species most at 

risk of extinction, and considers them a recovery priority number one, which is defined as “a 

species whose extinction is almost certain in the immediate future because of a rapid population 

decline or habitat destruction.” By NMFS’ own assessment, the population must increase by an 

average 2.3 percent per year for 28 years in order to be removed from the Endangered Species list, 

which is NMFS’ goal. Since listing in 2005, the average annual increase is -0.97 percent, with 

births and deaths almost equal in many years.  
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As the independent governmental agency Marine Mammal Commission explained, a 

primary cause of this well-documented population decline has been a steep decline in the number 

of pregnancies, and a lack of live births in those whales that do become pregnant.  At the height 

of the population in 1995, there were 98 whales. Between 1995 and 2020, there were between 

zero and seven births each year, with an average of 3.15 births per year. Yet, of the 82 calves 

born in that 26-year time span, 36 died. Of these, 17 died within minutes or months of birth; 11 

calves died under the age of 10, and eight died between 10 and 21 years old. Between 2005 (ESA 

listing) and 2020, 47 whales were born and only 29 of those are currently alive. From 2013 to 

2020, 17 calves were born, only nine of which are still living. Of the eight deceased, five deaths 

occurred within minutes or months, two died before the age of two, and one lived into her fourth 

year. Unfortunately, no calves were born in 2017, and the one calf born in late September of 

2018 died shortly after its birth (as did the one calf born 2013, one of the two calves born in 2014 

and both calves born in 2016). Two calves were born in 2019 and 2020 with another addition on 

February 17th, 2021; as of April 28, 2021, these 5 most recent calves are thought to be still living.   
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Over the last decade, there has been an unsustainable loss of prime breeding age animals, as well 

as high calf mortality of animals under five years of age. When coupled with the high pregnancy 

failure rate, and high new-natal death rate, this population struggles to stabilize. Since the last ESA 

review in 2015, the average annual population growth has fallen to -1.22 percent, despite the 

addition of  new calves. 

 

6. Like the other fish-eating killer whale populations in the North Pacific, the Southern 

Residents are dietary specialists on fish, and particularly Chinook salmon. This diet must support 

daily life activities (e.g., foraging, traveling, socializing, resting), in addition to gestation, lactation, 

and growth. To maintain this high energy balance, Southern Resident killer whales preferentially 

consume older Chinook salmon (>3 years). A recently published NOAA-funded study from 2007-

2014 found the average age ~4.5 years. Chinooks’ large size, relatively high fat and energy content, 

and year-round occurrence from multiple sources within the Southern Resident killer whales’ 

range contributes to this preference—and the preference persists despite a steep decline in the 

abundance of Chinook salmon.  According to the Environmental Protection Agency, “Steep 

decline in Chinook salmon is associated with three main factors: habitat change, harvest rates and 
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hatchery influence,” and not insignificantly, damming of rivers below historical spawning sites.   

7. In 2017, I co-authored an article titled “Population growth is limited by nutritional 

impacts on pregnancy success in endangered Southern Resident killer whales” in which we 

discussed the results of our research. As we explained, Southern Resident population growth is 

constrained by low offspring production for the number of reproductive females in the population. 

Lack of prey, increased toxins and vessel disturbance have been listed as potential causes of these 

whales’ decline but partitioning these pressures has been difficult. We validated and applied 

temporal measures of progesterone and testosterone metabolites to assess occurrence, stage and 

health of pregnancy from genotyped killer whale feces, collected using detection dogs. Thyroid 

and glucocorticoid hormone metabolites were measured from these same samples to assess 

physiological stress. These methods enabled us to assess pregnancy occurrence and failure, as well 

as how pregnancy success was temporally impacted by nutritional and other stressors, from 2008-

2014. Southern Residents have a 17-18-month gestation period and their nutritional health depends 

on the relative timing of multiple, seasonal and abundant fish runs (e.g., spring Columbia River 

Chinook and summer Fraser River Chinook), as well as food availability in between those periods, 

each of which vary markedly between years. The increasingly common occurrence of births 

outside the typical winter calving period may also be an indication of the increased unpredictability 

of diminishing Chinook runs, along with the corresponding high rate of late reproductive loss in 

Southern Residents, including the more costly late spontaneous abortions. Our study concluded 

that up to 69% of all detectable pregnancies were unsuccessful; of these, up to 33% failed relatively 

late in gestation, or immediately post-partum, when the cost is especially high.  
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Low availability of Chinook salmon appears to be an important stressor among these fish-eating 

whales as well as a significant cause of late pregnancy failure, including unobserved perinatal loss.  

We concluded the primary solution to drive their population growth is by promoting Chinook 

salmon recovery. A true and correct copy of this article is attached as Exhibit B to my declaration.  

8. The decline in available prey has also led to substantial behavioral changes. The 

Southern Residents are spending less and less time in the formerly prey-rich Salish Sea, their 

designated summer core critical habitat, and are being forced to forage further afield, with 

unknown success, such as in West Coast zones proposed by NMFS as Critical Habitat, but as yet 

undesignated by NOAA, despite evidence from the Hanson et al, 2021 study confirming the 

importance of these feeding grounds, and the diversity of Chinook stocks these whales rely on 

from California Central Valley, to the Columbia Basin.  

Case 2:20-cv-00417-RAJ-MLP   Document 91-3   Filed 05/05/21   Page 7 of 37

3-SER-633

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 33 of 300
(637 of 992)



 

 

 

 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

11 
 

12 
 

13 
 

14 
 

15 
 

16 
 

17 
 

18 
 

19 
 

20 
 

21 
 

22 
 

23 
 

24 
 

25 

KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 

(503) 841-6515 

DECLARATION OF DR. 

DEBORAH GILES, PH.D. - 8 

Case No. 2:20-cv-00417-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 

(206) 625-8600 

The following graphic shows the correlation between the decline in available Chinook salmon and 

the days the Southern Residents spent in the Salish Sea during traditional summer hunting periods.   

 

9. Our research has determined that each Southern Resident killer whale needs around 

20 full-bodied Chinook salmon per day to survive. In other words, just to maintain the existing 

population, over 525,000 fully mature Chinook salmon are needed annually for these whales to 

survive. To date, fisheries management decisions have not been made with the recovery of the 

Southern Resident killer whales in mind, fish runs are historically low, and all evidence—including 

increased death rates, low fecundity, and the physical appearance of the Southern Resident killer 

whales (see photo below)—indicate that there is a substantial lack of sufficient Chinook available 

as prey to the Southern Resident killer whales.   
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Aerial photographs of Southern Resident “J17’ over a 3-and-a-half-year period, depicting 

substantial weight loss and onset of “peanut head,” indicating extreme nutritional distress. She 

died shortly after this final image, leaving a young calf. Images obtained by Holly Fearnbach (SR3) 

and John Durban (NOAA Fisheries’ Southwest Fisheries Science Center) using a remotely piloted 

drone under NMFS Research Permit #19091 (available at https://crosscut.com/2019/05/orca-j17-

starving-death-isnt-inevitable).  

10. Currently, up to 97% of Chinook caught in the Southeast Alaska fishery are fish 

that originated in BC Canada, Washington, Oregon and Idaho rivers. Under the quotas set by the 

Pacific Salmon Treaty and approved by NMFS, the amount of Chinook salmon available as prey 

to the Southern Residents has decreased in real terms, despite the decline in their population size. 

Given that the Southern Residents are already substantially nutritionally deprived, this additional 

reduction will further decrease the possibility that this population can successfully reproduce in 

sufficient numbers to maintain, let alone grow, the population. It is essentially impossible to meet 

NMFS’ recovery goal of an average growth rate of 2.3% in the Southern Resident killer whale 

population without increasing the abundance of Chinook available to the Southern Residents as 

prey.  

I am aware that some mitigation measures, such as increased hatchery production, habitat 

restoration, and developing fish passage structures at dams, may over time help to increase 

Case 2:20-cv-00417-RAJ-MLP   Document 91-3   Filed 05/05/21   Page 9 of 37

3-SER-635

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 35 of 300
(639 of 992)

https://crosscut.com/2019/05/orca-j17-starving-death-isnt-inevitable
https://crosscut.com/2019/05/orca-j17-starving-death-isnt-inevitable


 

 

 

 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

11 
 

12 
 

13 
 

14 
 

15 
 

16 
 

17 
 

18 
 

19 
 

20 
 

21 
 

22 
 

23 
 

24 
 

25 

KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 

(503) 841-6515 

DECLARATION OF DR. 

DEBORAH GILES, PH.D. - 10 

Case No. 2:20-cv-00417-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 

(206) 625-8600 

Chinook population available to the Southern Residents. However, these mitigation measures, 

even if implemented immediately, will have no measurable effect for at least three years, and likely 

much longer. In the interim, the Southern Resident killer whale population may decline to a point 

where recovery is impossible due to the limited number of whales capable of reproduction. 

Moreover, the vagueness of the proposed mitigation measures makes it impossible to assess what, 

if any, positive impact they would have on the abundance of Chinook available to the Southern 

Resident killer whales.  

11. There is no question that the Southern Resident killer whales, under existing 

conditions, are not getting enough food to eat throughout their entire range. Without an increase 

in the abundance of Chinook, not only will NFMS’ population growth goal not be met, but this 

population will likely go extinct.  

I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and accurate. 

Executed this 30th day of April 2021. 

 

 

    

   Deborah Giles, Ph.D. 
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Deborah	A.		Giles	Ph.D.	
KILLER	WHALE	BIOLOGIST	

	

giles@wildorca.org 	(360)	378-0353	 Friday	Harbor,	WA	
	
	

Profile	
	

Dr.	Deborah	Giles	is	one	of	the	world's	leading	experts	on	the	Southern	Resident	killer	whales	of	the	
Pacific	Northwest.	 First	 studying	 this	 endangered	population	 as	 a	 research	 assistant	 in	 2005,	 they	
were	 the	 subject	 of	 her	 subsequent	 graduate	 studies	 and	 her	main	 research	 focus	 since,	making	
Giles	one	of	the	few	scientists	to	have	concentrated	almost	exclusively	on	this	iconic	population.	
	
Current	Employment	
	

Research	Scientist,	Center	for	Conservation	Biology,	University	of	Washington	
2009-present	
	

Research:	Southern	Resident	killer	whale	health	monitoring:	
• Train	and	handle	scent	detection	canine	to	locate,	collect	whale	feces	samples	
• Captain	research	vessel	to	locate,	collect	samples	to	assess	stress,	nutrition,	hormones	and	toxicants	
• Conduct	killer	whale	behavioral	research	
• Develop	and	procure	funding	
	
Science	&	Research	Director,	Wild	Orca	
2018-present	
	

• Collaborate	with	state	and	federal	partners,	NGOs	and	advocacy	organizations	
• Develop,	coordinate	and	facilitate	research	projects	focused	on	Southern	Resident	killer	whales	
• Present/lecture	at	local,	state,	federal	and	NGO	workshops,	meetings	and	hearings	
• Serve	as	primary	media	contact,	interpreting	latest	scientific	research	as	"the	voice	of	the	whales"	
• Organize,	participate	in	education	&	outreach	opportunities	to	engage	the	public	and	policymakers		

	
Killer	Whale	Research	Scientist,	NOAA/NMFS	
2018-present	(also	2010-2014)	
	

Utilize	specialized	equipment	to	record	whale	and	vessel	location	data,	to	assess	underwater	acoustics	as	
recorded	by	a	suction-cup	tag	attached	to	a	Southern	Resident	killer	whale.		
	
Resident	Scientist	&	Lecturer,	Friday	Harbor	Labs,	University	of	Washington	
2017-present				
	

Marine	Mammals	of	the	Salish	Sea	&	Marine	Biology	
	
Other	Community	Engagement	&	Outreach	
	

• Co-organizer:	Southern	Resident	killer	whales	Community	Action-	Look	Forward	(CALF)	workshop	series	
• Coordinator:	Intertwined	Fates:	The	Orca-Salmon	Connection	
• Founder	&	Senior	Coordinator:	San	Juan	Island	Naturalist	Program	
	
Recent	and	Ongoing	Advisory	
					

• Governor	Inslee’s	Southern	Resident	Killer	Whale	Recovery	Task	Force:	Prey	&	Vessel	Working	Groups	
• Governor	Inslee’s	Lower	Snake	River	Dams	Stakeholder	Engagement	Process	
• Science	Advisor,	Orca	Salmon	Alliance	(OSA)	
• Science	Advisor,	Killer	Whale	Tales	
• Science	Advisor,	Orca	Network	
• Steering	Committee,	Salish	Sea	Ecosystem	Advocates	
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Employment	History	
	

Research	Director,	Center	for	Whale	Research	
2015-2017			
	

• Collaborate	with	state,	federal	and	NGO	partners	
• Develop,	procure	and	administer	grants		
• Manage	staff	and	research	vessels		
• Present	data	for	local,	state,	federal	and	NGO	workshops	
• Serve	as	primary	media	contact,	author	press	releases	
• Facilitate	annual	photo	ID	and	demography	on	Southern	Resident	killer	whales	
	
Research	Assistant:	Marine	Mammal	Stranding	Network,	The	Whale	Museum	
2005-2014	
	

Respond	to	alert	calls	and	assist	with	assessing	condition	of	potentially	stranded	marine	mammals.	
Collect	remains	for	necropsy	at	University	of	Washington	Friday	Harbor	Labs.	
	
Killer	Whale	Research	Assistant,	Cascadia	Research	Collective	
2005-2010	
	

Research:	Focal	Behavioral	Observations	of	Fish-Eating	Killer	Whales:		Improving	Our	Understanding	of	
Foraging	Behavior	and	Prey	Selection.	Assist	with	spotting,	identifying,	and	tracking	whales.	Retrieve	field	
samples	(fish	scales,	prey	tissue),	process	for	analysis.	
	
Research	Assistant:	Soundwatch,	The	Whale	Museum	
2005-2008	
	

Boater	Education	Program:	Captain	vessel	conducting	patrols	to	educate	boaters	on	best	practices	
around	marine	wildlife.	Collect	data	on	vessels	quantities	and	activities	around	whales.	
	
Killer	Whale	Research	Assistant,	NOAA/NMFS	
2007	
	

Research:	Southern	Resident	Killer	Whale	Winter	Range	Tracking.	Deploy,	retrieve	and	monitor	acoustic	
and	CTD	(conductivity,	temperature,	depth)	equipment.	Conduct	and	process	plankton	tows	and	water	
samples	for	salinity,	nutrients,	and	toxins.	Locate,	record	marine	mammals	sightings.	
	
Killer	Whale	Research	Assistant,	University	of	Washington	
2006-2007	
	

Research:	Effects	of	Vessels	on	Behavior	of	Southern	Resident	Killer	Whales.	Assist	with	spotting,	
identifying,	and	tracking	individual	killer	whales	from	land-based	field	sites.	
	
Biological	Science	Technician,	NOAA/NMFS	
2006	
	

Research:	Behavior	of	Southern	Resident	Killer	Whales	in	the	Presence	of	Vessels	in	San	Juan	Islands.	
Collect	vessel	density	and	attribute	data.	Locate,	identify	individual	whales,	monitor	movements,	and	
identify	group	social	behaviors.	
	
Research	Assistant,	Cascadia	Research	Collective	
2005-2007	
	

• The	Northeast	Minke	Whale	Project:	On-the-water	surveys	for	minke	whales	in	the	Northeast	Pacific.	
• Research:	Trends	in	Contaminants	in	Puget	Sound	Harbor	Seals.	Record	field	data,	photograph	
deceased	pups,	bag	and	label	biopsy	specimens	for	lab	analysis	of	toxicity	levels.	
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Ph.D.	Geography,	Biogeography,	Conservation	Biology,	University	of	California,	Davis		 2014			

M.A.	Geography,	Conservation	Biology,	University	of	California,	Davis		 	 	 2007			

B.A.	Philosophy,	minor	in	Nature	and	Culture,	University	of	California,	Davis			 	 2004			
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Abstract

The Southern Resident killer whale population (Orcinus orca) was listed as endangered in

2005 and shows little sign of recovery. These fish eating whales feed primarily on endan-

gered Chinook salmon. Population growth is constrained by low offspring production for the

number of reproductive females in the population. Lack of prey, increased toxins and vessel

disturbance have been listed as potential causes of the whale’s decline, but partitioning

these pressures has been difficult. We validated and applied temporal measures of proges-

terone and testosterone metabolites to assess occurrence, stage and health of pregnancy

from genotyped killer whale feces collected using detection dogs. Thyroid and glucocorticoid

hormone metabolites were measured from these same samples to assess physiological

stress. These methods enabled us to assess pregnancy occurrence and failure as well as

how pregnancy success was temporally impacted by nutritional and other stressors,

between 2008 and 2014. Up to 69% of all detectable pregnancies were unsuccessful; of

these, up to 33% failed relatively late in gestation or immediately post-partum, when the cost

is especially high. Low availability of Chinook salmon appears to be an important stressor

among these fish-eating whales as well as a significant cause of late pregnancy failure,

including unobserved perinatal loss. However, release of lipophilic toxicants during fat

metabolism in the nutritionally deprived animals may also provide a contributor to these

cumulative effects. Results point to the importance of promoting Chinook salmon recovery

to enhance population growth of Southern Resident killer whales. The physiological mea-

sures used in this study can also be used to monitor the success of actions aimed at promot-

ing adaptive management of this important apex predator to the Pacific Northwest.
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1. Introduction

The Southern Resident killer whales (SRKW; Orcinus orca) represent the southern population

of the fish-eating ecotype inhabiting the northeast Pacific Ocean [1]. From late May through

October, the three SRKW pods, termed J, K and L, frequent the inshore waters of Washington

State and British Columbia, commonly known as the Salish Sea. Following a near 20% decline

in their population during the late ‘90’s, the population was listed as endangered under the

Canadian Species at Risk Act in 2001 [2] and the U.S. Endangered Species Act in 2005 [1].

Only 78 individuals (J pod = 24 individuals; K pod = 19 individuals; L pod = 35 individuals)

remain in the current population as of December, 2016 [3]. Reduced availability of their pre-

ferred prey, threatened and endangered Chinook salmon, appears to be at the core of the

SRKW decline [4–7], although exposure to toxicants [8], and pressure from vessel disturbance

may also contribute to these cumulative effects [9].

Reduced fecundity appears to be a particularly important contributor to the SRKWs failure

to recover [4]. The rate of successful pregnancy in the wild population is unknown since, to

date, pregnancy is only confirmed by observation of a newborn calf. SRKW typically give birth

every 5.3 years [10]. However, holding age structure and survivorship constant, fecundity rates

of SRKW (0.21) are significantly lower than those of Northern Resident (0.26;) [11] or South-

east Alaskan Resident killer whales (0.27) [12], neither of which are listed as at risk. Assuming

a median peak fecundity rate of 0.21, the 31 potentially reproductive females in the SRKW

population should have had 48 births between 2008–2015. Yet, only 28 births were recorded

during that period. The 7 adult females in K pod have not had a birth since 2011, and just two

births since 2007. The 24 females in the remaining two pods (J and L) have averaged < 1 birth

per pod since 2011, with no births in 2013, but had 7 births in 2015. One of the two offspring

born in 2014 died [3]. This study addresses causes of the low reproductive rate in SRKWs in

an effort to recommend management decisions that can enhance population growth and long-

term sustainability of this endangered population.

We examine determinants of pregnancy success and failure in the SRKWs from 2008

through 2014 based on hormone measures of pregnancy occurrence and health as well as phys-

iological stress from genotyped feces. SRKW fecal samples are located with high efficiency by

specially trained detection dogs, with detection rates over five times that by trained human

observers [5,13,14]. Progesterone and testosterone collectively provide reliable indices of

pregnancy occurrence, timing and health in killer whales. Concentrations of both P4 and T

increase several-fold during gestation, although the increase is more gradual for T. Both hor-

mones sharply decline to pre-conception levels around parturition [15,16]. We develop and

validate a noninvasive endocrine measure of pregnancy occurrence and loss in the killer

whales using metabolites of progesterone (P4) and testosterone (T) excreted in their feces.

Fecal glucocorticoid (GC) and thyroid (T3) hormone metabolite measures are used to moni-

tor nutritional and disturbance stress within and between years. These two endocrine systems

work closely together to regulate energy availability and utilization to meet nutritional, growth

and thermoregulatory demands [17]. GCs rapidly rise in response to poor nutrition, cold temper-

ature and disturbance stressors, mobilizing glucose to provide energy to deal with the immediate

emergency [18,19]. GC concentrations over time are particularly informative for distinguishing

nutritional from boat stress since abundances of both Chinook and whale-watching boats have

very similar temporal patterns. Chinook and boat abundance are both relatively low in spring,

peak in mid- to late August and then decline. Yet, the GC signal from nutritional stress should be

lowest when fish abundance is at its peak while highest when boat density is at its peak [5].

Thyroid hormone (triiodothyronine, T3), on the other hand, produces a more conservative

response to nutritional and thermal stress, functioning by adjusting metabolism. It is also

Nutrition limits killer whale population growth
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important to promote fetal brain growth during gestation [20]. While T4 is the most abundant

thyroid hormone, it is directly converted to T3, which has many times the biological activity of

T4 [20,21]. T3 levels are relatively slow to change when food shortages are first encountered,

allowing the body to use all available fuel to search for food. If poor food conditions persist, T3

abruptly declines, lowering metabolism to prevent the body from exhausting its remaining fuel

stores [21–24]. T3 may also be blunted under good food conditions when a low metabolism is

needed to increase growth (e.g., to accumulate blubber stores in fall, in preparation for the rel-

atively lean winter; [20]). In dolphins, T3 is lower in failed versus successful pregnancies at all

stages of gestation [25]. T3 is relatively unresponsive to disturbance stress.

This study uses temporal patterns in P4 and T to predict pregnancy outcomes among the

SRKWs and T3, GC and the T3/GC ratio to index the importance of nutritional and other

stressors in their reproductive decline.

1.1 SRKW natural history

Mean reproductive maturity (age at first conception) in female SRKWs occurs at 9.8 years of

age in captivity 12.1 years in the wild [10,26]. Maximum fecundity (probability of becoming

pregnant in a single estrous cycle) of SRKW occurs between ages 20–22, increasing quickly

during the first four years after sexual maturity, slowly declining from age 22 to 39, and then

precipitously declining thereafter [4,10]. Gestation is approximately 18 months, making the

prior year’s salmon availability particularly important to fecundity [11,27].

During our late May through October study period, the SRKWs primarily feed on Chinook

salmon, increasingly dominated by Fraser River Chinook (FRC) returning to spawn in nearby

rivers [28,29]. SRKWs generally spend the remainder of the year outside the Salish Sea, moving

up and down the Pacific Coast, from CA to Southeast AK [6]. K and L pods tend to spend

more time further south than does J pod in winter, while J pod frequents the Salish Sea more

than does K and L pods in summer and winter. Nutritional demands on SRKW are presumed

to be greatest in winter when their salmonid prey are more widely dispersed, smaller in size

and other non-salmonid prey appear to be a larger fraction of the diet [6,29,30]. Thermoregu-

latory demands may also influence nutritional demands during winter. SRKW then transition

to spring, eventually subsisting on a diminishing number of spring/summer run adult Chi-

nook salmon approaching river mouths inside and outside the Salish Sea until the Fraser River

Chinook (FRC) runs peak in mid- to late-August.

Temporal patterns in fecal GC and T3 concentrations [5], combined with radio-tagging

data [28], suggest that early spring interior race Columbia River Chinook (CRC) runs are also

important to SRKW nutrition. The CRC run increases from mid-March to the end of May

based on estimates at the Bonneville dam [31] and have some of the highest fat content of any

adult salmon to support their extremely long freshwater spawning migration [32,33]. Foraging

on the fat rich Columbia River Chinook in early spring was hypothesized to replenish the killer

whales after the long winter and sustain them until the temporally and quantitatively variable

mid to late August peak in Fraser River Chinook (FRC) occurs (S1 Fig). T3 concentrations in

fecal samples collected between 2007 and 2009 were consistently at their highest when the

SRKW first arrived in the Salish Sea in late spring [5]. Presumably, this occurred because the

whales arrived after feeding on the fat rich Columbia River Chinook. SRKW were detected

twice as frequently at the Columbia River in early spring than expected by chance [28]. This

argument is further supported by increases in serum thyroid stimulating hormone, T4 and T3

in fasting humans and rats in response to leptin injections [20]. With FRC runs still quite low,

T3 levels then fell precipitously. GC concentrations when the SRKWs first arrive in the Salish

Sea in late spring were also relatively high, further reflecting the comparatively low FRC

Nutrition limits killer whale population growth
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abundance at that time, and consistent with the precipitous decline in T3 shortly following

SRKW arrival [5].

2. Methods

2.1 Ethics statement

Fecal samples were collected in United States waters under National Marine Fisheries Service

permits 532-1822-00, 532–1822, 10045 and 17344. Samples were collected in Canadian waters

under Marine Mammal License numbers 2008–16, 2009–08, 2010–09 and 2012–08, as well as

Species at Risk Act permits numbered 91, 102, 109 and 155. Sample collection methods were

approved by the University of Washington’s Institutional Animal Care and Use Committee

(IACUC) under protocol 2850–08.

2.2 Scat (fecal) sampling using detection dogs

Scat sampling occurred in the Salish Sea between late May and October, from 2008–2014,

coinciding with the time the SRKWs frequent the study area. Whenever possible, we aimed to

evenly sample each pod by starting at the front of the pod’s direction of travel, continuing to

sample until the pod passes and then returning again to the front of the pod.

Scat samples are located by detection dogs trained to locate SRKW scat floating on the

water’s surface [5,13,14]. The use of detection dogs greatly increases sample size due to their

remarkable ability to smell SRKW scats at distances up to one nautical mile away, even in fast

moving currents. The detection dog rides on the bow of the boat, driven perpendicular to the

wind, beginning at least 200 yards downwind from an area where the whales have just traveled.

As the boat approaches the edge of the scent cone emanating from the sample, the dog’s behav-

ior suddenly changes from resting to actively perched far over the bow of the boat, anticipating

its reward for sample detection. As the boat passes through the center of the scent cone, where

the odor is strongest, the dog leans heavily over the windward side of the boat, following the

strongest scent, informing the handler to direct the boat driver to turn into the wind. Subtle

cues by the dog, relative to wind direction, allow the driver to stay on the scent line until the

sample is reached. The dog typically becomes restless, often whining at that point because the

scent surrounds the boat and thus no longer has a clear direction. If at any time the boat travels

out of the scent cone, the dog changes position and looks back to where the scent was stron-

gest. The handler then directs the driver to circle back into the scent cone until the dog’s

change in behavior once again alerts the handler it has redetected the scent.

As soon as the sample is visually located, a 1-liter polypropylene beaker fastened to a 3–6 foot

pole is used to scoop the sample by skimming the surface just under the sample. The first sample

out of the water is presented to the dog, which is followed immediately by the toy reward and a

few minutes of play. Meanwhile, the crew continues to scoop all remaining sample pieces from

the water’s surface. The majority of water is carefully poured off the sample, and the sample pieces

are collected into a 50 mL polypropylene tube, centrifuged, and the remaining seawater is de-

canted. The sample is placed on dry ice until stored frozen at -20˚C that evening and remains at

that temperature until processed in the lab. Fecal samples range in size from 0.5 to 300 mls, but a

typical sample collection volume is 2 mls. Fortunately, the consistency of SRKW scat makes the

hormones fairly evenly distributed even in small samples (Ayres and Wasser, unpublished data).

2.3 Fecal DNA and hormone measures

Once thawed for hormone extraction, the homogenized sample is swabbed for DNA using a

synthetic tip. The swab is then kept frozen at -20˚C until being genotyped for species, sex, pod,

Nutrition limits killer whale population growth
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and individual identification by NOAA NW Fisheries Science Center [34]. 76% of all individu-

als are currently genotyped to the individual, and 88% of all adult females. Fecal hormone

metabolites of glucocorticoid (GC), thyroid (triiodothyronine, T3), testosterone (T) and pro-

gesterone (P4) are extracted using methods described in [21] and measured using assays in

Wasser et al. [35] (P4), [36] (GC), [21] (T3)] and Vellosa et al. [37] (T). Briefly, each sample is

thawed once and centrifuged (2,200 rpm for 20 minutes), allowing any excess salt-water to be

decanted. Samples are lyophilized (48 hours in a Labconco FreeZone Freeze Dry System),

thoroughly mixed and up to 0.1g weighed, transferred to a 50 ml polypropylene screw-top

tube and extracted once in 15ml of 70% ethanol using a Multi-Tube Pulse Vortexer (Terre

Haute, IN). Extracts are then stored at -200 C until assayed for hormone concentrations. Hor-

mone concentrations are expressed per gram dry weight to control for inter-sample variation

due to diet and variable moisture [38]. Wasser et al. [38] showed that expressing fecal hor-

mones per gm dry weight controls for diet related changes in fecal bulk. Because fecal hor-

mones are hydrophobic, removing all water from the sample removes the majority of variation

in fecal bulk, significantly improving the blood-fecal hormone correspondence (see also [5] for

killer whales). Samples smaller than 0.02 g dried weight were excluded from analysis to avoid

inflation effects of low sample mass on hormone concentrations [39].

Radioimmunoassay was performed to measure fecal hormone metabolites using 125I corti-

costerone RIA kits (#07–120103; MP Biomedicals, Costa Mesa, CA) and MP Biomedicals’

Total T3 coated tube RIA kits (#06-B254216) for GC metabolites and T3, respectively. The T3

assay was previously validated for killer whales [21]. The GC assay [36] was validated for killer

whales in Ayres et al [5]. Fecal pools as well as commercial controls from each assay kit were

used to assess inter-assay coefficients of variation. Commercial T3 controls were prepared as

previously described [21]. P4 and T were measured using an in house 3H progesterone RIA

assay using antibody CL425 [35,40], and an in-house 3H testosterone RIA assay using antibody

#250 [37,40]. All other hormone assays were validated in the present study.

All five hormone assays exhibited parallelism; slopes of serially diluted SRKW fecal extracts

were not significantly different from the slopes of the standard curves (GC: F1,7 = 0.41, p =

0.54; T3: F1,9 = 2.89, p = 0.12; P4: F1,10 = 0.80, p = 0.3925; T: F1,9 = 3.65, p = 0.09). Fifty percent

binding of the radioactively labeled hormone occurred at target dilutions of 1:60 for GC, 1:30

for T3,1:60 for P4 and 1:10 for T metabolites. All five hormones also exhibited good accuracy

at their target dilutions (GC: slope = 1.2, r2 = 0.98; T3: 1.09, 1.00; P4: 1.07, 0.98; T: 0.68, 0.99),

indicating that substances in SRKW fecal extract do not interfere with hormone binding.

Inter-assay coefficients of variation were 7.8% for T3, 7.6% for GC; 17% for P4, and 19% for T.

Intra-assay coefficients of variation (calculated as the percent of the mean divided by the stan-

dard deviation) were 1.9% for T3, 3% for GC, 3.1% for P4; and 3.2% for T. Antibody cross-

reactivities are published in Wasser et al ([35], P4; [36], GC; [21], T3) and Velloso et al ([37],

T).

2.4 Pregnancy assignment

All whales are photo-identified each day they are observed in the study area, making it unlikely

that a newborn would be missed if present when the population is being observed [3]. This

enabled us to establish temporal pregnancy profiles using fecal P4 and T concentrations for all

pregnant females that subsequently gave birth, approximating gestational age at the time of

sample collection based on the estimated birth date of the female’s calf. All birth dates in our

study (Table 1) were estimated by two independent observers from the Center for Whale

Research, respectively with 40 and 30 years experience, using close range photographs taken of

each calf at the time of first observation. Features used to assess calf age included: shape of
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PLOS ONE | https://doi.org/10.1371/journal.pone.0179824 June 29, 2017 5 / 22

Case 2:20-cv-00417-RAJ-MLP   Document 91-3   Filed 05/05/21   Page 20 of 37

3-SER-646

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 46 of 300
(650 of 992)

https://doi.org/10.1371/journal.pone.0179824


cranial crest (lumpy at birth), flopped over dorsal fin (apparent in first 1–2 days), fetal folds,

fattening after first month, jaundice coloration, skin molting at 3–5 months, date of previous

observed photo of pregnant females without a calf. The Center for Whale Research (unpub-

lished data) developed these criteria by compiling a time-stamped folder of known-age calf

photos that illustrate these age-dependent morphological differences.

A fecal P4 concentration threshold was then established to indicate pregnancy by compar-

ing P4 concentrations across all known sex and reproductive classes, and demonstrating that

all gestating SRKW females, subsequently confirmed to have been pregnant by a live birth, sur-

passed this threshold and sustained it until the end of their 18 month gestation period (see also

Table 1. Sex, date of first observation, estimated age, birthdate and survival status for each calf whose mother was sampled during her pregnancy

or lactation of that calf.

Calf Data Mother of Calf data

Year Calf

ID

Calf

Sex

Date Calf was first

photographed

Assigned Calf

Birthday

Estimated age of

Calf

Calf age at

death

Mother of

Calf

Birth year of

Mother

Age of

Mother

2007 J42 F 5/2/2007 5/2/2007 Alive J16 1972 35

2008 K42 M 6/3/2008 4/3/08 1–3 mo Alive K14 1977 31

2008 L111 F 8/12/2008 7/30/2008 2 wk <1 month L47 1974 34

2009 L112 F 2/6/2009 1/24/2009 2 wk 3 years L86 1991 18

2009 J44 M 2/6/2009 1/1/2009 1 mo + Alive J17 1977 32

2009 J45 M 3/3/2009 2/15/2009 2 wk Alive J14 1974 (died

2016)

35

2009 L113 F 10/10/2009 10/1/2009 1–2 wk Alive L94 1995 14

2009 J46 F 11/11/2009 10/28/2009 2 wk Alive J28 1993 (died

2016)

16

2010 J47 M 1/3/2010 12/9/2009 < 1 mo (12/5 no calf) Alive J35 1998 12

2010 K43 F 2/21/2010 1/31/2010 3 wk Alive K12 1972 38

2010 L115 M 8/6/2010 7/31/2010 1 wk Alive L47 1974 36

2010 L116 M 10/13/2010 10/3/2010 1–2 wk Alive L82 1990 20

2010 L117 M 12/6/2010 11/30/2010 1 wk Alive L54 1977 33

2010 L114 U 2/21/2010 2/16/2010 < 1 wk 4 months L77 1987 23

2011 K44 M 7/6/2011 7/3/2011 3 days (No calf 3

days prior)

Alive K27 1994 17

2011 L118 F 2/10/2011 1/20/2011 3 wk? Alive L55 1977 34

2011 J48 U 2/17/2011 1/29/2011 � 3 wk <1 month J16 1972~ 39

2012 J49 M 8/6/2012 8/6/2012 1 day, saw 1st day Alive J37 2001 11

2012 L119 F 5/29/2012 5/15/2012 2 wk Alive L77 1987 25

2013 unk U 1/7/2013 1/7/2013 1 day <1 month J28 1993 20

2014 J50 F 12/23/2014 12/15/2014 2 wk? (12/12 no

calf)

Alive J16 1972~ 42

2015 L123 M 11/7/2015 10/15/2015 < 1 Mo (10/11 no

calf)

Alive L103 2003 12

2015 J53 F 10/24/2015 10/14/2015 1–2 wk (10/03 no

calf)

Alive J17 1977 38

2015 L122 M 9/7/2015 8/24/2015 2 wk Alive L91 1995 20

2015 J52 M 3/30/2015 3/16/2015 2 wk (no calf 02/18) Alive J36 1999 16

2015 L121 M 2/25/2015 2/18/2015 ~ 1 wk Alive L94 1995 20

2015 J51 M 2/12/2015 2/5/2015 1 wk Alive J41 2005 10

Maternal age at time of sampling is also included.

? = best guess.

https://doi.org/10.1371/journal.pone.0179824.t001
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[15]). No samples from genotyped males, or from lactating, non-cycling, immature or post-

reproductive females approached this P4 threshold. Comparisons of T concentrations were

similarly used to separate pregnancies into early and late stages of gestation. T rises during

pregnancy, albeit more slowly than P4. By mid-gestation, T concentrations in pregnant

females are comparable to, if not higher than those observed only in adult males (but without a

comparable rise in P4) [16] (see also results). Thus, high P4, low T samples were classified as

from females in early gestation and high P4, high T samples were classified as from females in

mid- to late-gestation. All samples from genotyped adult females at or above these P4 and T

concentrations were classified as pregnant. Pregnancies were classified as successful if the

female was subsequently observed with a live birth before 18 months from the time of sample

collection. Otherwise, the pregnancies were classified as unsuccessful, representing a spontane-

ous abortion or an unobserved perinatal mortality.

2.5 Statistical analyses

All statistical analyses were performed using the software, JMP (SAS Institute, 2010). Log-

transformed values were used for all hormone analyses. A general linear model (GLM) was

used to distinguish reproductive and non-reproductive groups of each sex based on P4, T, T3,

GC and T3/GC concentrations. Differences between groups were then tested using a chi-

square contrast test.

The abundance and timing of Fraser River Chinook (FRC) was determined from 2008–

2014 by Albion Test Fishery CPUE data (Catch Per Unit Effort, [41]), collected on a daily basis

by an independent observer during spring, summer, and fall months. All correlations between

hormone concentrations and fish abundance used Albion Test Fishery CPUE data lagged by

12 days from the time a sample was collected; the 12 day lag was derived from estimates of Chi-

nook swim time from the study area to the test fishery, which was also in agreement with the

lag time that resulted in the best fit model between prey abundance and nutritional hormones

[5,8]. The CPUE data were log10 transformed to achieve normality. Early spring Columbia

River Chinook abundance was also estimated from daily counts at the Bonneville dam [31] by

calculating the area under the curve from Julian Day 100 to 140.

Vessel counts were taken every half hour (within 5 minutes of the half hour). Any vessels

outside the 5 minute grace period were not counted. All boats within 0.5 mile of the killer

whales were recorded by type (commercial whale watch, recreational, cargo, ferry, commercial

fishing, enforcement, research, monitoring, and kayak or paddleboard) and activity (e.g., tran-

siting, whale watching, fishing (lines in the water), acoustic, enforcing). A second (B) count

was taken when a second nearby whale group was present (1–2 miles away) but outside of our

initial count area, providing that the vessels and their activity could be clearly identified.

The correspondence between fish abundance and Julian date (i.e., the consecutive day of

the year, ranging from 1 to 365) and vessel abundance and Julian date, across years, was estab-

lished with a GLM, which allowed us to then use Julian date as proxies for fish and boat abun-

dance in subsequent analyses. A GLM was used to separately predict T3 and GC by Julian date

for all sampled individuals. The relation between early spring Columbia River salmon abun-

dance and subsequent T3 and GC concentrations during that same year was also tested in

those regressions. Finally, GLM was used to separately predict T3, GC and the T3/GC ratio,

using Julian date as a polynomial and pregnancy type as independent variables. GC was

included as a covariate whenever predicting T3, and vice versa, since both hormones respond

to other in the regulation of energy balance. For T3, this was done by fitting T3 by GC, saving

the residuals, and then using the residuals of that analysis in the final regression. For GC, the
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residuals for GC fit by T3 were used. In all cases, forward stepwise model selection was used to

identify the best model in our GLM analyses, based on Akaike’s Information Criterion (AIC).

Raw Data are provided in S1 Appendix.

3. Results

In total, there were 348 samples from known (genotyped) individuals, in the final analytic

dataset representing 79 unique whales (Supplemental Information-raw data), including 11

successful and 24 unsuccessful pregnancies (Table 2). Each year included a representative sam-

pling by pod, sex and reproductive class.

3.1 Changes in fish abundance, vessel density, T3 and GC

concentrations over time

Based on delta AIC, the Albion Test Fishery Abundance of FRC, measured in CPUE, was best

predicted by a 4th order polynomial using Julian date (i.e., consecutive day of the year, P<

0.0001) across years (Fig 1A), with a peak in CPUE at day 228 (Aug 16). CPUE significantly

declined across years, when examined as a continuous variable (P < 0.0001). The lowest FRC

CPUE occurred in 2013, followed by 2012 (for both, p< 0.0001 compared to all prior years,

and p<0.004 compared to 2014) and then 2014 (p< 0.04 compared to 2008–2011) (see also

S1 Fig). Vessel density was similarly predicted by a 4th order polynomial using Julian date

(p< 0.0001) with a peak at day 222 (Fig 1B). Vessel density significantly increased across

years, when examined as a continuous variable (P < 0.0001).

We next separately predicted T3 and GC concentrations based on Julian date (Fig 1C and

1D, respectively), given the close association of Julian date with both fish and vessel abun-

dance. Spring Columbia River Chinook (CRC) abundance was also included as a covariate in

these analyses since the relatively slow responding T3 was hypothesized to still be influenced

by spring CRC abundance at the time of SRKW early summer arrival in the Salish Sea. T3 con-

centration was best predicted by a 5th order polynomial of Julian date (p< 0.0001) and was

also positively correlated with CRC (p< 0.0001). For all years of study, T3 was at its peak

Table 2. Pod composition and samples per unique successful and unsuccessful pregnancy from

genotyped females per year.

SRKW Pod Reproductive Age Class Unsuccessful

Pregnancy+:

unique whales/

total samples

Confirmed

pregnancies+*:

unique whales/

total samples

Year J K L Juvenile RM RF PRF Low T High T Low T High T

2008 13 5 7 7 6 7 5 0/0 0/0 1/1 1/1

2009 24 10 14 9 18 13 8 1/2 2/2 0/0 1/2

2010 14 6 12 3 6 13 10 1/1 0/0 1/2 1/1

2011 25 17 23 15 16 24 10 0/0 3/4 2/2 1/1

2012 32 11 8 6 13 24 8 5#/9 1#/2 0/0 0/0

2013 17 7 21 6 12 23 4 4†/4 1†/1 0/0 0/0

2014 36 18 6 19 10 27 4 5/6 1/1 1/4 2/2

RM = reproductive male, RF = reproductive female, PRF = Post-reproductive female.

*Not all samples between years are unique pregnancies
† Includes 2 samples from one pregnancy, one with Low T and one with High T
+ Includes only samples from females with P4 concentrations� 2000 ng/g
# Observed birth, reclassified at unsuccessful due to early perinatal mortality

https://doi.org/10.1371/journal.pone.0179824.t002
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when the SRKWs arrived in early summer, presumably after feeding on the early spring CRC.

T3 sharply declined shortly thereafter, presumably because FRC abundance was still low, pla-

teauing around the time that FRC CPUE begins to rise. T3 concentrations then slightly

declined again in September, just after the FRC peak.

GC concentration was best predicted by the quadratic of Julian date (p = 0.004), showing

the U-shaped pattern indicative of nutritional stress, with the trough at day 220, near the FRC

peak. GC was not correlated with CRC, supporting the hypothesis that the GC response

reflects more immediate conditions compared to T3.

3.2 Pregnancy occurrence and loss indices

Twelve females sampled during pregnancy were subsequently confirmed to give birth (37% of

detected pregnancies) by photo-identification between 2008 and 2015. However, one of those

females (J28) was subsequently reclassified as a High T unsuccessful pregnancy because her

Fig 1. A) Fraser River Chinook (FRC) Salmon Run abundance (CPUE: catch per unit effort), B) mean vessel count (all boats observed with 0.5 m

of the whales) plotted by Julian date across years, C) Change in SRKW fecal thyroid hormone (triidothyronine, T3 ng/g dry feces) by Julian date

(left panel) and early spring Columbia River Chinook abundance (right panel), and D) Change in SRKW fecal glucocorticoid (GC ng/g dry feces)

hormone concentration by Julian date. Dashed blue lines represent the standard error surrounding each curve. Vertical red line in left panel, Fig C

indicates the mean peak in FRC abundance and the mean peak in boat abundance in Fig B and D.

https://doi.org/10.1371/journal.pone.0179824.g001
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calf died immediately post-partum.) In all samples, P4 was well above the 2000 ng/g pregnancy

threshold by 2.5 months gestation, and remained so for the next 15.5 months until parturition.

One sample collected on a confirmed pregnant female during her first month of gestation

had P4 levels below the 2000 ng/g threshold (Fig 2A). By contrast, no male, or immature,

non-cycling, lactating or post-reproductive female whale ever approached that P4 threshold

(Table 3). The majority of samples from confirmed pregnant females were well above 18,000

ng by 10 months gestation. All samples from confirmed pregnant females exhibited a precipi-

tous decline below 2000 ng/g P4 immediately following parturition (Fig 2A).

T concentrations of all samples from confirmed pregnant females clearly remained below

50 ng/g until mid-gestation (Fig 2B). Thus, pregnancy samples (i.e., samples above the 2000

ng/g P4 threshold) were divided into low (� 50 ng/g) and high (> 50 ng/g) T groups, respec-

tively, corresponding to early, and mid-to-late stages of gestation (Fig 2A and 2B). The only

other age-sex class that showed significantly elevated T concentrations, above the 50 ng/g

threshold, was adult males, but their P4 concentrations never approached 2000 ng/g (see

Table 3). T was above the 20 ng/g by 2.5 months gestation in all confirmed pregnant females,

with the majority above 100 ng/g by 10 months gestation (Fig 2B). Low T confirmed pregnant

females had a mean fecal P4 of 6206 ng/g ± 2565) and a mean T concentration of 21 ng/g ±
5.8, whereas High T confirmed pregnant females had a mean fecal P4> 25587 ng/g ± 5116)

and a mean T concentration of 215 ng/g ± 43 (Table 3). With the exception of one early lacta-

tion sample, testosterone concentrations declined well below the 50 ng/g threshold after partu-

rition (Fig 2B). Multiple scat samples were obtained from the same pregnancy event in 4 of the

11 pregnancies and three lactation events; all multiple samples exhibited these same P4 and T

patterns over time.

None of the post-reproductive females were ever recorded to be pregnant nor did they

show any sign of ovarian activity (Table 3). These results support the assertion that the “post-

reproductive” adult females (>40 years of age) in this population have undergone reproductive

senescence [42].

Samples from genotyped reproductive age adult females with P4 concentrations above the

2000 ng/g pregnancy threshold that were not followed by a live calf within the 18-month gesta-

tion period were assumed to be from females that experienced a spontaneous abortion (in

utero mortality), or early perinatal death prior to calf’s first observation, collectively termed

an unsuccessful pregnancy (UPg). Among the females classified as reproductive adults, we

characterized 24 unique unsuccessful pregnancy (UPg) events from 12 different females with

genotyped samples collected between 2008–2014—up to 69% of all confirmed pregnancies

(Table 2). All samples from the 22 apparent UPg’s had significantly elevated progesterone con-

centrations well above 2000 ng/g. Yet, no observations of those females over the next 18

months included a new calf. As with confirmed pregnancies, the presumed UPg samples were

separated into two distinct groups: one with T concentrations above 50 ng/g feces (mean

T = 198.6±40; P4 = 37,425±12,820), hereafter termed “high T UPg” samples (7 unique females,

7 presumed late spontaneous abortions and one early perinatal loss), and the other with T con-

centrations below 50 ng/g feces (mean T = 11.3±3.2; P4 = 6618±2014), termed “low T UPg”

samples (4 females, 16 presumed early spontaneous abortions; Table 2; Fig 3A). Multiple sam-

ples from 6 of the 24 unsuccessful pregnancy samples (4 low T, 2 high T, plus 1 low T that tran-

sitioned to high T) were all within the pregnancy range (i.e., P4 < 2000 ng/g). Thirty three

percent of the UPg samples (8 out of 24) identified here were high T UPg (up to 23% of all

recorded pregnancies). The high T UPg samples were likely from the second half of gestation,

based on their high P4 and T concentrations relative to temporal profiles for those hormones

in whales with a confirmed pregnancy (see Fig 2).
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Fig 2. A) Progesterone (P4) and B) testosterone (T) concentrations across gestation and lactation, for

all successful pregnancies (Pg), subsequently confirmed by observed births. Each unique pregnancy

Nutrition limits killer whale population growth
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T3 and GC concentrations also varied across all sex, age and reproductive classes (Table 3).

T3 was highest in juvenile and pubescent individuals compared to adults, with the exception

of Low and High T successful pregnant and low T UPg females. All of those individuals also

had a relatively high T3/GC ratio (> 0.3), indicative of relatively good nutrition (Table 3).

By contrast, T3 in the High T UPg samples was comparable to that of non-pregnant adults

(Table 3), and notably lower than the concentrations from successful pregnant and low T UPg

females (Fig 3B). These High T UPg samples also had the highest GC concentrations of any

reproductive class, was significantly higher than the GC concentrations in High T successful

pregnancies. The T3/GC ratio in High T UPg females was lower than that of another other

reproductive class (Table 3), indicative of nutritional stress (Table 3), and nearly 7 times lower

than that among High T successful pregnancies. Indeed, the T3/GC ratio in High T successful

pregnancies was higher than that for any other reproductive class, with the exception of lactat-

ing females (Table 3, Fig 3B).

3.3 Changes in T3 and GC concentrations relative to fish abundance

over time across pregnancy groups

T3 and GC concentrations, along with the T3/GC ratios were separately compared among

High T successful pregnant and UPg samples, across Julian date. (Low T samples were not

included in these comparisons because their T3 and GC concentrations were not significantly

different from those of confirmed pregnant females.) All three dependent variables were best

predicted by a 3rd order polynomial of Julian date (p< 0.01). Similar to the overall population

trend, T3 concentrations were highest in early summer, followed by a precipitous decline.

is indicated by its own symbol, along with the associated female’s ID. The vertical dashed black line in Fig A

and B indicate estimated day of parturition. The 2000 ng pregnancy threshold is indicated by the horizontal

dashed red line in Fig A, as is the 50 ng/g T cut-off for High and Low T samples in Fig B. The left vertical line in

red indicates the Julian day where both P4 and T show sharp elevations.

https://doi.org/10.1371/journal.pone.0179824.g002

Table 3. Mean hormone concentration (ng/g dry feces) and (standard error) by sex and reproductive class for each hormone measured during the

study.

Reproductive Hormones

Sex and Reproductive Class Thyroid (T3) Glucocorticoid (GC) Progesterone Testosterone T3/GC Ratio

Juv F 248.40 (40.06) 610.73 (200.17) 794.40 (268.84)b,k,u,C,J 3.38 (1.14)a,j,v,F 0.69 (.24)a,f

Juv M 229.98 (26.98)a,f 501.03 (158.82) 800.96 (73.99)a,j,t,B,K,O 30.11 (7.84)a-i 0.44 (.05)b,f

Pub F 264.19 (47.49)d,i 955.08 (286.02) 305.90 (95.0)g,q,y,F,H,J-N 3.80 (1.90)h,p,y,D,H 0.70 (.31)d

Pub M 230.99 (29.34)e 1244.21 (310.87) 258.11 (42.15)h,r,z,G,I,O-R 19.32 (6.08)q,A-E 0.71 (.35)

Ad M 167.07 (10.63)a-e 1073.14 (114.92) 579.57 (38.14)I,s,H-I 126.67 (17.73)I,r,u,w,z,E-H 0.32 (.044)e,f

Ad F no-calf 169.97 (14.13) 1004.21 (135.15) 651.83 (68.28)d,m,w,A,D,M,Q 5.12 (1.60)c,l,x,B 0.35 (.057)

LoT Conf 250.78 (35.63)c,h 1127.81 (233.66) 6205.89 (2564.93)g,o,B-G 21.28 (5.78)n,x-z 0.37 (.14)

LoT Upg 252.56 (27.06)b,g,i 1288.23 (228.05) 6618.20 (2014.13)e,n,t-z,A 11.32 (3.2)e,m,s-u 0.82 (0.46)

HiT Conf 218.05 (45.6) 1057.31 (477.75)a 25587.17 (5116.49)a-i 215.34 (42.87)f,t,v,w 1.11 (.42)c,e

HiT Upg 177.1 (26.98) 1787.20 (467.83)a 37425.73 (12819.62)j-s 197.95 (39.7)d,j-r 0.16 (.035)a-d

Lactating 165.02 (24.70)f-i 1094.36 (270.03) 650.12 (84.68)c,l,v,C,L,P 22.71 (13.33)b,k,s,A,G 2.05 (1.59)

Post-Reprod F 199.01 (19.82)j 1039.2 (133.11) 662.30 (66.62)f,p,x,y,E,N,R 7.88 (1.89)c,o,C 0.36 (.068)

Significant differences between means in any two cells within the same column are indicated by the same italicized letter in both cells.

F = female, M = male, Juv = juvenile; Pub = pubescent, Ad = adult, T = testosterone, Conf = confirmed pregnant female by subsequent observation of a live

calf; UPg = unsuccessful pregnancy.

https://doi.org/10.1371/journal.pone.0179824.t003
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Fig 3. A) Mean P4 and T concentrations and B) mean tri-iodothyronine (T3) and glucocorticoid (GC)

concentrations, along with the T3/GC ratio, for Low and High T successful (SPg) and unsuccessful
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However, the initial T3 decline was longer in duration than that observed for the overall popu-

lation, lasting until day 190. T3 concentrations in the pregnant females then increased until

day 250 (Fig 4A), which was near the time when the FRC run reached it back (Fig 1A). While

the pattern was the same in High T successful and unsuccessful pregnancies, T3 in High T

UPg samples remained significantly lower than that in High T successful pregnant females

(p = 0.004), consistent with relatively higher nutritional stress in the High T UPg females (Fig

4A). Change in GC concentrations among pregnancy females were the exact opposite of T3,

showing a steep rise until day 190 followed by a decline until day 250, and significantly higher

in High T UPg compared to High T successfully pregnant females (p< 0.002) throughout this

period (Fig 4B). Change in the T3/GC ratio followed the same pattern as T3, also remaining

significantly higher in HighT successful pregnancies (p< 0.003) (Fig 4C).

4. Discussion

Reproductive failure in response to conditions that jeopardize offspring survival has been

described as an adaptive response if conditions are likely to improve in the foreseeable future.

This environmentally-mediated loss most commonly occurs early in reproduction (conception

and early pregnancy) when the cost of suppression (e.g., lost time and energy; impacts on

maternal health) is relatively low [43,44]. However, failure at later stages of reproduction is

expected when cues indicating poor fetal or neonatal conditions present themselves late in the

reproductive event. The longer the span between conception and birth the more likely later

suppression is to occur. Premature birth is a relatively low risk way to suppress reproduction

because the reproductive failure occurs post-partum with reduced chance of infection. How-

ever, its occurrence should still depend on when harsh conditions present themselves. If fetal

demise occurs or environmental conditions become especially harsh (e.g., risk of sepsis from

starvation induced ketoacidosis during pregnancy; [45]), spontaneous abortion is expected.

Thus, spontaneous abortion, premature birth, still birth, and perinatal and neonatal mortality

are all part of a continuum of reproductive suppression that present with harsh conditions, on

balance with risk of reproductive loss at that stage of reproduction [44,46].

SRKWs have an 18 month gestation period and their nutritional health depends on the rela-

tive timing of multiple, seasonal fish runs (e.g., spring CRC and summer FRC), as well as food

availability in between those periods, each of which vary markedly between years (S1 Fig). The

increasingly common occurrence of SRKW births outside the typical winter calving period

may well be an indication of the increased unpredictability of diminishing fish runs along with

the corresponding high rate of late reproductive loss in SRKWs, including more costly late

spontaneous abortions. The SRKWs had a 69% pregnancy failure rate during our study and an

unprecedented half of those occurred at later stages of reproduction when the energetic cost of

failure and physiological risk to the mother was relatively high. Temporal patterns in T3 and

GC hormone profiles suggest that the SRKWs are experiencing periodic nutritional stress,

partly caused by variation in the relative timing and strength of seasonal FRC and CRC runs

(Fig 1). This nutritional stress is significantly associated with unsuccessful pregnancies in

SRKWs (Figs 3 and 4), impairing the potential for population recovery through low recruit-

ment as well as risk to the health and survival of the limited number of reproductive-age

females.

pregnancies (UPg). Corresponding values for all sex and reproductive classes of SRKWs, including

significant differences between classes, are presented in Table 3. Note: T3 Concentrations are multiplied by 4

in Fig B to scale its concentrations to those of GC in order to present a double Y graph for 3 related metrics,

each with different value ranges. Bars with the same letter are significantly different from each other.

https://doi.org/10.1371/journal.pone.0179824.g003
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Fig 4. A) T3 and B) GC concentrations, along with (C) the T3/GC ratio, by Julian day for High T successful

pregnancies (SPg) versus High T unsuccessful pregnancies (UPg).

https://doi.org/10.1371/journal.pone.0179824.g004
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High T (mid-to-late gestation) females with successful pregnancies in our study had signifi-

cantly higher T3 and lower GC concentrations, as well as a substantially higher T3/GC ratio

over time, compared to High T unsuccessful pregnancies (Figs 3 and 4). This indicates that

successfully pregnant females arrived in the Salish Sea in significantly better nutritional condi-

tion, and remained so compared to UPg females that experienced pregnancy loss some time

after mid-pregnancy. West et al [25] similarly found significantly higher total T3 concentra-

tions among adult females in successful compared to unsuccessful pregnancies at all stages of

gestation among captive dolphins.

Only 4 detected pregnancies between 2011–2013 resulted in live births when Fraser River

Chinook and early spring Columbia River Chinook runs were both exceedingly low. Just one

of those births occurred in 2013, when both FRC and CRC abundances were at their lowest,

and that animal died almost immediately post-partum. By contrast, there were up to 9 early

gestation (Low T) and 5 mid to late gestation (High T) unsuccessful pregnancies detected dur-

ing that same 3 year period, with almost half of these early-term and one of the mid to late

term unsuccessful pregnancies occurring in 2013. That trend reversed in 2014, with relatively

high CRC returns and early onset of FRC returns in 2014 and 2015 (S1 Fig, Appendix) that

was followed by 8 new births between December of 2014 and October 2015; however, up to 6

unsuccessful pregnancies still occurred that year, five of which occurred early in gestation

(Low T Upg).

High T UPg samples were either from late spontaneous abortions (also known as intrauter-

ine fetal demise), or undocumented perinatal or neonatal deaths where the infant disappeared

prior to first observation. The lack of observed perinatal or neonatal deaths when most suc-

cessful births during our study were observed within 2 weeks of parturition (Table 1), led us to

estimate that a substantial portion of the High T UPg samples represented late spontaneous

abortions. Although the negative effect of these later reproductive losses on SRKW population

growth is roughly the same, infection from a failed or incomplete abortion likely poses a

greater risk of removing a reproductive female from the breeding population. At least one

SRKW stranding was confirmed to be a pregnant female with infection from a retained fetus

listed as the cause of maternal death (J32, December 2014).

Reproductive loss among women during the well-documented 1945 Dutch Famine may

exemplify the kinds of impacts expected in response to severe nutritional stress among

SRKWs, since: both humans and SRKWs have relatively long interbirth intervals (gestation

length and extended lactation amenorrhea), starvation was acute and the Dutch Famine out-

comes were not biased by interventions from modern health care [44,47,48]. The Nazis closed

off the borders of Holland between October 1944 and May 1945, causing massive starvation

over a 5–8 month period, with good food conditions before and after. There was a one-third

decline in the expected number of births among confirmed pregnant woman during the

under-nutrition period. Conceptions during the hunger period were very low. However,

women who conceived during the hunger period had higher rates of abortion, premature and

stillbirths, neonatal mortality and malformation. Nutrition had its greatest impact on birth

weight and length for mothers experiencing hunger during their second half of gestation,

when the fetus is growing most rapidly [47].

Many of the unsuccessful pregnancies in our study were based on single genotyped samples,

and it is possible that pregnancy failure rates could be somewhat overestimated. For example,

we cannot rule out that some portion of the singleton Low T samples were actually from post-

ovulatory luteal phase females that did not produce a detectable conception. Some low T sam-

ples could also be from pseudo-pregnancies, although those are rare, have only been reported

in captivity [49], and could be an artifact of captive husbandry where males and females are

housed separately. It is unlikely that any post-ovulatory luteal phase samples were misclassified
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as High T UPg samples because both P4 and T concentrations in the High T samples were all

well above those expected for luteal phase samples (Table 3, Fig 2). Moreover, Robeck et al

[15,16] clearly distinguished luteal phase samples from pregnant samples by 4 weeks of gesta-

tion. This is consistent with our findings from Fig 2, indicating pregnancy detection among

females by 100 days of gestation. Given the above, we consider only a small portion of the 8

singleton, low T UPg samples with P4 above the 2000 ng/g pregnancy threshold to be possibly

misclassified as early abortions. However, the consistency of these patterns on multiple endo-

crine and temporal measures, across years, strengthens the assertion that pregnancy failure is a

major constraint on killer whale population growth, triggered by insufficient prey.

The rise in fecal P4 concentrations that we observed among successful pregnancies was

somewhat delayed compared to that observed in serum from captive killer whales [15]. This

could suggest that our estimated birth dates, and hence our projected conception dates, actu-

ally occurred earlier than expected, increasing the likelihood that some perinatal mortalities

were misclassified as late spontaneous abortions. However, the delayed P4 peak in feces of

pregnant SRKWs compared to Robeck et al [15] most likely resulted from differences in the P4

metabolites measured in feces versus serum. The predominant P4 metabolite measured by our

antibody is 5α-DHP [35]. Using an EIA version of the P4 antibody we used in our study,

Robeck et al [15] found that 5α -DHP did not become the predominant progesterone metabo-

lite in captive killer whale serum until 161–360 days of gestation, and remained secondarily so

from 361 days gestation to term. Fecal progesterone metabolites spiked around mid-pregnancy

in our study, consistent with the time when 5α -DHP predominated in serum [15]. It is also

noteworthy that our testosterone antibody [37,40] followed a similar temporal pattern in

SRKW to that described for captive whales by [16]. That also supports the reliability of our

projected conception dates and occurrences of spontaneous abortion.

Exposure to persistent organic pollutants (POPs)—lipophilic compounds with established

adverse health effects—in response to food stress add yet another cumulative risk of fetal

demise and/or perinatal and neonatal mortality. Lundin et al. [8,50] showed that POPs, namely

PCBs, DDTs, and PBDEs, increase in circulation in SRKWs when Fraser River Chinook abun-

dance is lowest, presumably due to increased fat metabolism in response to nutritional stress.

Mobilization of contaminants into circulation also occurs during the energetic demands of lac-

tation, with an estimated 70–90% lactation transfer of maternal toxicant burden in primipa-

rous females [51]. High POP burden has specifically been associated with disruption of

reproduction success and reduced calf survival in marine mammals [52–55]. Most notably,

Lundin et al. [8] found increased Persistent PCBs, the group of PCBs considered more persis-

tent and more toxic [56], in the female whales classified with UPg’s (73%; 95% CI, 61–85) com-

pared to all other female reproductive groups (range 43–56%). Further evidence in support of

the occurrence of UPg in this population is the unexpected inverse in bioaccumulation of

POPs with age in “nulliparous” mature females (3 of 4 nulliparous whales had an unsuccessful

pregnancy defined by fecal hormone measures). This occurrence is likely explained by toxicant

offloading from an undocumented pregnancy or neonate loss.

Both poor nutrition and increased POP loads have each been demonstrated to suppress T3,

which negatively impacts fetal brain growth [22,57,58]; immunosuppression may also occur,

increasing risk of infection [53,59–61]. Salmon are the Southern Resident killer whales pre-

dominant prey and main source of toxic exposures [62,63]. This relation of reduced food sup-

ply and increased exposure to lipophilic POPs could be similarly impacting coastal Native

American communities that depend on this same seasonal salmon resource and also appear to

be experiencing high rates of reproductive loss [64,65].

Results of the SRKW study strongly suggest that recovering Fraser River (FRC) and Colum-

bia River Chinook (CRC) runs should be among the highest priorities for managers aiming to
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recover this endangered population of killer whales. SRKW are suffering significant reproduc-

tive loss due to lack of Chinook prey and associated effects (e.g., release of lipophilic toxins

into circulation). The FRC run is a major prey source for the SRKW population during sum-

mer and early fall, and appears to be key to providing the needed reserves to carry the whales

through the subsequent winter [6]. The early spring CRC runs likely serve to replenish ener-

getic reserves expended during the previous winter as well as help sustain the whales until the

occurrence of the subsequent late summer peak in the FRC runs. The relative importance of

the early spring Columbia River Chinook run likely became all the more critical to the SRKWs

as historic FRC runs that peaked earlier in summer became depleted from overfishing and

habitat destruction [6]. Other species, including people, also appear to be impacted by these

conditions.

Without steps taken to remedy the situation, we risk losing the endangered SRKW, an

extraordinarily important and iconic species to the Pacific Northwest. Since strengthening rel-

evant Chinook runs should significantly decrease physiological stress and increase pregnancy

success rates in SRKW during the same year that fish runs increase, the physiological indices

used in this study could also provide rapid assessment tools for guiding adaptive management

of SRKW populations. Historical and modern dependence on fish as an essential food source

for coastal communities with limited resources, in conjunction with growing food shortages

and increased risk of toxicant exposure, has international implications.
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S1 Fig. Timing and abundance of Columbia River (orange) and Fraser River (blue) Chi-
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537, 540 (9th Cir. 1979) (federally funded projects subject to NEPA); see also Ramsey v. Kantor, 

96 F.3d 434, 443–44 (9th Cir. 1996) (ESA take authorizations also trigger NEPA requirements).4 

NMFS already violated NEPA by adopting the hatchery mitigation identified in the 2019 SEAK 

BiOp without first providing any NEPA procedures. See infra sec. VI.C.2; Metcalf v. Daley, 214 

F.3d 1135, 1138, 1143–44 (9th Cir. 2000) (NMFS, et al., unlawfully predetermined NEPA by 

committing to support a specific harvest quota before preparing EIS or EA). 

 When NMFS does comply with NEPA for the hatchery mitigation, it will be required to 

consider reasonable alternatives, including smaller hatchery releases that pose less harm to wild 

salmonids. See Native Fish Soc’y v. Nat’l Marine Fisheries Serv., 992 F. Supp. 2d 1095, 1110 

(D. Or. 2014) (NMFS violated NEPA by failing to consider smaller hatchery releases); Wild Fish 

Conservancy v. Nat’l Park Serv., 8 F. Supp. 3d 1289, 1299–1301 (W.D. Wash. 2014) (same); 

California v. Block, 690 F.2d 753, 767 (9th Cir. 1982) (“touchstone” of NEPA is proper 

“selection and discussion of alternatives [to] foster[] informed decision-making”). NMFS cannot 

provide “solid guarantees” that the hatchery programs will occur as contemplated in the 2019 

SEAK BiOp because NMFS has yet to disclose and evaluate alternatives as required by NEPA; 

reliance on this mitigation is therefore impermissible. See NWF II, 524 F.3d at 935. 

 NMFS’s reliance on the mitigation proposals is impermissible because they are not 

subject to its “control or otherwise reasonably certain to occur.” Bernhardt, 982 F.3d at 743. 
 

2. The 2019 SEAK BiOp fails to draw a rational connection between the 
facts and the no jeopardy opinion reached for Southern Residents. 

 NMFS is required to articulate a rational connection between the facts found and its “no 

jeopardy” conclusions reached. E.g., WFC, 628 F.3d at 525–27; NWF III, 184 F. Supp. 3d at 

909–10 (BiOp “must provide sufficient information so that a reviewing court can educate itself 

in order to perform its reviewing function—‘determining whether the agency’s conclusions are 

rationally supported’” (quotation omitted)). NMFS has failed to meet this standard because it has 

 
4 See also Native Fish Soc’y v. Nat’l Marine Fisheries Serv., 992 F. Supp. 2d 1095, 1107–09 (D. Or. 2014) (NMFS’s 
approval of hatcheries under ESA regulations is subject to NEPA). 
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not explained how the Southeast Alaska salmon harvests, combined with other west coast 

fisheries, will not continue to starve Southern Residents into extinction, regardless of whether the 

hypothetical mitigation is implemented. This deficiency is exacerbated by NMFS’s apparent 

failure to account for increases in harvests that would result from the prey increase program, 

reducing any benefits to Southern Residents. 

In WFC, a BiOp that found a local bull trout population was small and vulnerable to 

extirpation, was declining in size, and was likely to continue declining primarily due to the 

hatchery operations under review. 628 F.3d at 525–26. FWS nonetheless concluded that the 

hatchery would not jeopardize bull trout. Id. at 526–27. The Ninth Circuit rejected the BiOp 

because FWS failed to explain the apparent contradiction between the factual findings and the 

“no jeopardy” opinion. Id. at 527–29. While FWS may have believed that the population could 

be lost without jeopardizing the entire bull trout species, a BiOp can be affirmed only on the 

bases articulated by the agency and FWS’s record did not include such a finding. Id. at 529. 

The 2019 SEAK BiOp suffers from this same deficiency. NMFS considers Southern 

Residents one of the species most at risk of extinction. AR 15988–89. “[T]he Southern Resident 

population has declined to historically low levels,” primarily because insufficient prey 

abundance is reducing fecundity. AR 47276, 47282, 47286–87, 47434. NMFS’s management of 

salmon fisheries over the last 10 years has been insufficient to support Southern Resident 

population growth. AR 47503. NMFS predicts that the “downward trend in population growth” 

for Southern Residents will continue. AR 47502. 

A recent population viability assessment found prey abundance has the largest impact on 

the Southern Residents’ population growth rate and Chinook salmon abundance would need to 

increase by 15% to achieve growth rate targeted for recovery of Southern Residents. AR 47278, 

47503. NMFS does not identify the increase needed to merely sustain the severely depressed 

population size. The 2019 Pacific Salmon Treaty somewhat reduced salmon harvests relative to 

the prior agreement. E.g., AR 47445, 47504. Those reductions provide very minor improvements 

in prey availability; e.g., prior Southeast Alaska harvests reduced prey in coastal waters up to 
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15.1%, while those harvests under the 2019 Pacific Salmon Treaty will reduce prey in coastal 

waters up to 12.9%. AR 47505. While NMFS assumes that the prey increase program will 

eventually increase prey by 4% to 5%, that is far below the 15% increase needed for recovery. 

See AR 47202–03. Yet, NMFS concludes that the Southeast Alaska salmon harvests, along with 

other west coast fisheries, are not likely to jeopardize Southern Residents. AR 47508. NMFS 

fails to draw a rational connection between that conclusion and the facts found, including the fact 

that Southern Resident population size is expected to continue declining primarily due to 

inadequate prey. See AR 47502; WFC, 628 F.3d at 525–29. 

 This failure is aggravated by NMFS’s complete failure to explain the assumption that 

releasing 20 million hatchery smolts annually will increase Southern Residents’ prey by 4% to 

5%. See AR 47202–03, 47432–33. It is unclear whether that assumption accounts for increased 

harvests that will also result. Harvests are set annually under the 2019 Pacific Salmon Treaty for 

Southeast Alaska, North-Central British Columbia, and West Coast Vancouver Island using an 

abundance index. See AR 47205–09. The abundance index reflects the predicted abundance of 

Chinook salmon available to the fisheries where an index of 1.0 equals the average abundance 

from 1979 to 1982, and an index of 1.2 is 20% greater. AR 47205. Harvest limits increase with 

abundance index increases. See AR 47208. Hatchery releases will increase the abundance index; 

as a crude example, using a smolt to adult ratio of 0.7%, an annual release of 20 million smolts 

could produce 140,000 adult fish that could be included in the abundance index. See, e.g., AR 

30609 (smolt to adult ratios in the range of 0.5% to 1.0%). That would raise an abundance index 

of 1.0 (around 1,235,020 salmon) to 1.1 (around 1,375,020 salmon), increasing harvests from 

390,500 salmon (1.0 abundance index) to 462,500 salmon (1.1 abundance index); an increase in 

harvest of 72,000 salmon. See AR 47208. Under this scenario, over half of the 140,000 adult 

salmon produced by the prey increase program could be harvested and not benefit Southern 

Residents. NMFS’s record does not provide “sufficient evidence” to show that it considered this 

critical issue. See NWF III, 184 F. Supp. 3d at 909–10; Nw. Coal. for Alts. to Pesticides v. U.S. 

Env’t Prot. Agency, 544 F.3d 1043, 1052 (9th Cir. 2008) (agency failed to provide enough 
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information to demonstrate a rational connection between the facts and its conclusion). 

In sum, NMFS has failed to draw a rational connection between the facts, including its 

predicted continued decline of Southern Residents, and the “no jeopardy” conclusion.  

3. The 2019 SEAK BiOp violates the ESA by failing to evaluate whether 
the prey increase program will jeopardize threatened salmonids. 

NMFS identified the prey increase program as an “action” consulted on in the 2019 

SEAK BiOp because it needed to assume the benefits to approve the Southeast Alaska harvests. 

Yet, the 2019 SEAK BiOp altogether ignores the prey increase program in evaluating whether 

the “actions” are likely to jeopardize threatened salmonids. That is inconsistent with the ESA. 
 

a. The 2019 SEAK BiOp includes benefits of the prey increase 
program in its jeopardy analysis for Southern Residents. 

NMFS explains that the prey increase program was developed because the 2019 Pacific 

Salmon Treaty did not reduce harvests enough to protect Southern Residents. See AR 47201–02. 

The 2019 SEAK BiOp contends that enough information is available to assume the supposed 

benefits of that program to Southern Residents: “Some effects of the [mitigation] funding 

initiative can be described specifically and analyzed quantitatively now (e.g., increasing in prey 

abundance for [Southern Residents] by 4-5 percent).” AR 47420; see also AR 47432, 47447. 

NMFS’s biological opinion that the actions addressed in the 2019 SEAK BiOp are not likely to 

jeopardize Southern Residents relies upon the supposed benefits of the prey increase program. 

See AR 47506–08 (“The hatchery production will increase abundance of Chinook salmon . . . , 

which will reduce impacts from the [harvest] action during times of low prey for the whales).5 
 

b. The 2019 SEAK BiOp ignores harm from the prey increase 
program in its jeopardy analyses for threatened salmonid. 

In contrast to the supposed beneficial impacts, NMFS altogether ignores the prey increase 

program and its harmful impacts in its jeopardy analyses for threatened salmonids. 

NMFS explains that it is unable to analyze harm to threatened Chinook salmon from the 

 
5 NMFS’s jeopardy analyses and opinions are in the “Integration and Synthesis” section of the 2019 SEAK BiOp. 
AR 47484–85. 
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Respectfully submitted this 5th day of May, 2021. 
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Productivity 

Supportive breeding generally does not benefit natural salmon population productivity. 

Decades of straying by hatchery-origin fish in Puget Sound have not been observed to result in


increases in the productivity of any natural-origin Puget Sound Chinook salmon populations

(NMFS 2004c).  Further, as detailed in section 2.4.1.2, the productivity of natural-origin


salmonid populations may be impaired by spawning and genetic introgression from certain


hatchery-origin fish species and life history types.  Self-sustaining natural production of several

Hood Canal summer-run chum salmon populations introduced through hatchery-based


supportive breeding programs into streams where the race of the species had become extirpated


has been restored over the short term (PNPTT and WDFW 2007).  However, prospects for


retention of the populations over the longer term are unknown.  Recent studies have indicated


that Chinook salmon originating from hatchery programs can contribute positively to natural

productivity for the species (Hess et al. 2012; Anderson et al. 2012; Ford et al. 2012).

In the Dungeness River, the natural-origin Chinook salmon population is at critically low


abundance and returning adults may have difficulty finding mates.  Under such circumstances,


supportive breeding is expected to benefit productivity of the natural population (NMFS

2004c).  As the Dungeness River Hatchery program is implemented, because the number of


naturally spawning Dungeness stock fish will increase and available habitat is under-seeded,


productivity is expected to improve relative to reliance on natural spawning by natural-origin


fish only.  Adult fish from the supportive breeding program that escape to spawn naturally


would thus contribute positively to natural Chinook salmon productivity.  However, recent

estimates of egg to juvenile outmigrant and recruit per spawner survival rates reflect a general

low and declining productivity for the naturally spawning aggregate hatchery-origin and


natural-origin population (Figure 4), consistent with the current degraded condition of


spawning, rearing, and migration habitat in the watershed.  Recovery of properly functioning


watershed processes and conditions is required, commensurate with increased spawner


abundance provided by the supplementation program, for population productivity to improve.

Beneficial effect (Marine-derived nutrients)

Listed Chinook salmon and steelhead in the Dungeness River watershed would benefit from

the deposition of hatchery program-origin salmon carcasses resulting from natural escapement

and coho and pink salmon carcass distribution after spawning through the programs. Decaying


carcasses of spawned adult hatchery-origin fish will contribute nutrients that increase


productivity in the watershed, providing food resources for naturally produced Chinook salmon


and steelhead (WDFW 2013a). Diminished numbers of salmonids returning to spawn in the


Dungeness River has resulted in nutrient deficiencies compared to historical conditions,


affecting salmon and steelhead productivity potential (Haring 1999). Adult salmon and


steelhead spawning escapements have significantly declined to a fraction of their historical

abundance, raising concerns about a lack of marine-derived nutrients returning back to the


system in the form of salmon carcasses (Haring 1999).  With natural spawning by hatchery-

origin fish, and any hatchery carcass seeding efforts, a substantial amount of decaying fish, and


marine derived nutrients would be deposited through implementation of the three hatchery


programs (Table 12).  The annual number of salmon carcasses would be expected to increase


in the watershed, as would marine-derived nutrient benefits, as the progeny of naturally 

30608

3-SER-671

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 71 of 300
(675 of 992)



89


Table 12.  Estimated biomass of marine-derived nutrients (MDN) that would be deposited by naturally

spawning adult hatchery-origin salmon returning to the Dungeness River for natural spawning and from


carcass distribution from the hatcheries during the preservation and recolonization phases of restoration.


Species 
Juvenile Fish
Release Level

(Goals)

% Survival to

Escapement

Total
Hatchery-

Origin
Adult


Escapement

Average

Individual
Adult Fish

Weight

(lbs)

Potential
MDN


Biomass
(lbs)


Chinook salmon

150,000 subyrlg. 

50,000 yrlg. 
0.431

0.851
1,033 15.0 15,495


Coho salmon 500,000 0.962 4,800 7.0 30600

Pink salmon 100,000 1.03 1,000 4.0 4,000

TOTAL - - - - 53,095
1 Juvenile fish survival rate to escapement estimates for Chinook salmon assume total smolt to adult return (SAR) survival

rates of 0.5% for subyearlings and 1.0% for yearlings (approximate realized rates from Fuss and Ashbrook 1995), and

escapement rates for surviving fish of 85% (estimated contribution of total coded wire tag recoveries for Gray Wolf Pond

subyearling releases (Table 3.3.1.2 in WDFW 2013a), less broodstock needs of 112 fish.
2  Juvenile fish survival rate to escapement estimates for coho salmon derived assuming realized SAR for Dungeness River

Hatchery of 3% and escapement rate of  32% (net harvest plus escapement) (Fuss and Ashbrook 1995).
3 Juvenile fish survival rate to escapement estimates for pink salmon assumes fry to adult return survival rate of 1.0% (goal

survival rate level for hatchery chum salmon fry released at same 1 gram size from Fuss and Ashbrook 1995).

spawning hatchery- and natural-origin fish increase in adult return abundance over time,


commensurate with the success of on-going habitat restoration efforts. 

2.4.2.3. Hatchery fish and the progeny of naturally spawning hatchery fish in juvenile


rearing areas

Negligible effect (Fish disease pathogen transfer and amplification) 

BMPs addressing fish health, including fish health maintenance and hatchery sanitation


procedures applied during broodstock collection, mating, fish incubation, rearing, and release,


are detailed in performance standard and indicator, adult management, and fish rearing and


release sections of each of the Dungeness River Hatchery salmon HGMPs.  Fish health


monitoring and evaluation measures are also described in those HGMP sections. 

The hatchery programs would be operated in compliance with “Salmonid Disease Control

Policy of the Fisheries Co-managers of Washington State” protocols (NWIFC and WDFW

2006). The co-manager policy delineates Fish Health Management Zones and defines inter and


intra-zone transfer policies and guidelines for eggs and fish that are designed to limit the spread


of fish pathogens between and within watersheds (NWIFC and WDFW 2006). They would


also comply with standard fish health diagnosis, maintenance and hatchery sanitation practices

referenced in the policy (as per PNFHPC (1989) and American Fisheries Society-Fish Health


Section (AFS-FHS) 1994guidelines) to reduce the risks of fish disease pathogen amplification


and transfer within the hatchery and to fish in the natural environment.  For all salmon


propagated through the Dungeness River Hatchery programs, fish health specialists and


pathologists from the WDFW Fish Health Section would provide fish health management

support and diagnostic fish health services (WDFW 2013a; 2013b; 2013c). 
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Part 1 – Introduction

1.1 Project Background, Purpose, and Scope 
The US Congress funded the Puget Sound and Coastal Washington Hatchery Reform

Project via annual appropriations to the US Fish and Wildlife Service (USFWS)


beginning in fiscal year 2000.  Congress established the project because it recognized that

while hatcheries have a necessary role to play in meeting harvest and conservation goals


for Pacific Northwest salmonids, the hatchery system was in need of comprehensive


reform.  Most hatcheries were producing fish for harvest primarily to mitigate for past


habitat loss (rather than for conservation of at-risk populations) and were not taking into


account the effects of their programs on naturally spawning populations.  With numerous

species listed as threatened or endangered under the Endangered Species Act (ESA),

conservation of salmon in the Puget Sound area was a high priority.  Genetic resources in


the region were at risk and many hatchery programs as currently operated were


contributing to those risks.


Central to the project was the creation of a nine-member independent scientific review


panel called the Hatchery Scientific Review Group (HSRG).  The HSRG was charged by

Congress with reviewing all state, tribal and federal hatchery programs in Puget Sound


and Coastal Washington as part of a comprehensive hatchery reform effort to:


• conserve indigenous salmonid genetic resources;


• assist with the recovery of naturally spawning salmonid populations;


• provide sustainable fisheries; and


• improve the quality and cost-effectiveness of hatchery programs.


The HSRG worked closely with the state, tribal and federal managers of the hatchery


system, with facilitation provided by the non-profit organization Long Live the Kings and

the law firm Gordon, Thomas, Honeywell, to successfully complete reviews of over 200

hatchery programs at more than 100 hatcheries across western Washington.  That phase


of the project culminated in 2004 with the publication of reports containing the HSRG’s


principles for hatchery reform and recommendations for Puget Sound/Coastal


Washington hatchery programs, followed by the development in 2005 of a suite of


analytical tools to support application of the principles (all reports and tools are available

at www.hatcheryreform.us).


In 2005, Congress directed the National Oceanic and Atmospheric Administration-

Fisheries (NOAA Fisheries) to replicate the Puget Sound and Coastal Washington


Hatchery Reform Project in the Columbia River Basin.  The HSRG was expanded to 14

members to include individuals with specific knowledge about the Columbia River

salmon and steelhead populations.  This second phase was initially envisioned as a one-

year review, with emphasis on the Lower Columbia River hatchery programs.  It became


clear however, that the Columbia River Basin needed to be viewed as an inter-connected


ecosystem in order for the review to be useful.  The project scope was subsequently


expanded to include the entire Basin, with funding for a second year provided by the
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Bonneville Power Administration (BPA) under the auspices of the Northwest Power and


Conservation Council’s (NPCC) Fish and Wildlife Program.


The objective of the HSRG’s Columbia River Basin review was to change the focus of

the Columbia River hatchery system.  In the past, these hatchery programs have been


aimed at supplying adequate numbers of fish for harvest as mitigation primarily for

hydropower development in the Basin.  A new, ecosystem-based approach is founded on


the idea that harvest goals are sustainable only if they are compatible with conservation


goals.


The challenge before the HSRG was to determine whether or not conservation and

harvest goals could be met by fishery managers and, if so, how.  The HSRG determined


that in order to address these twin goals, both hatchery and harvest reforms are necessary.


The HSRG approach represents an important change of direction in managing hatcheries


in the region.  It provides a clear demonstration that current hatchery programs can


indeed be redirected to better meet both conservation and harvest goals.  For each

Columbia River Basin Environmentally Significant Unit (ESU), Distinct Population


Segment (MPG) or Major Population Group (MPG) reviewed, the HSRG presents its


findings and recommendations in the form of an HSRG solution.  This package of

recommended changes to current hatchery and harvest program design and operation is


intended to demonstrate how the programs could be managed to significantly increase the

likelihood of meeting the managers’ goals for both harvest and conservation of the


ESU/DPS/MPG.


The “HSRG solution” also highlights the biological principles that the HSRG believes


must form the foundation for successful use of hatcheries and fisheries as management


tools.  Those principles are intended to provide a framework for making decisions and


prioritizing investments based on clear and explicit goals, defensible science and

informed and adaptive management (the HSRG’s analytical approach, including these


principles, is described in Section 1.3).


The HSRG review focused on hatchery programs, but took into account natural


populations, survival conditions in the mainstems of the Columbia and Snake rivers and

the Columbia River estuary, and harvest regimes.  No review of habitat or hydroelectric

measures was conducted.  Nonetheless, the HSRG concluded that the value of habitat


improvements (in terms of the abundance and productivity of natural populations) would


increase if those improvements were preceded by hatchery reforms.  Similarly, hatchery


and habitat improvements would be enhanced with harvest reforms.  The review did not


include analysis of existing laws, policies, and agreements pertaining to either harvest or


hatchery management.  The flexibility contained in the adaptive management clauses of

many of the agreements can accommodate reforms similar to those proposed by the


HSRG.


The solutions proposed by the HSRG for Columbia Basin hatchery programs demonstrate

that these programs can be redesigned to better meet conservation and harvest goals.


However, the HSRG is not suggesting that these are the only solutions available to meet

those goals.
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1.2 Project Organization and Implementation 
The Columbia River Hatchery Reform Project was organized into three functional


components: 1) scientific review, 2) facilitation, and 3) policy coordination.  The


scientific review, conducted by the HSRG, gathered and analyzed information relevant to

the evaluation of hatchery programs in the Columbia River Basin.  The facilitation team


was responsible for project management, budgets, contracting, meeting preparation and


coordination of work products.  The policy coordination team provided a


communications link between the HSRG and the federal, state and tribal managers of the

hatchery system at the policy level.


Columbia River Hatchery Scientific Review Group
The Columbia River HSRG was composed of 14 members, nine of whom were affiliated


with agencies and tribes in the Columbia River Basin.  The remaining five members were


unaffiliated biologists.  Affiliated members did not represent their agency or tribe, but


were expected to bring only their individual, scientific expertise to the table.  The Chair

and Vice Chair positions were filled by unaffiliated members.  The intent of this structure

and approach was to ensure the HSRG maintained scientific independence and


impartiality, while at the same time assuring that it contained thorough knowledge of


salmonid populations and hatchery programs in the Columbia River Basin.


The nine members of the HSRG selected for the Puget Sound and Coastal Washington


review were chosen from a pool of candidates nominated by the American Fisheries

Society.  Seven of the original HSRG members continued as members of the Columbia


River panel.  The seven members who joined for the Columbia River review were


selected by the original HSRG based on expertise and experience with hatcheries in


general and Columbia River programs in particular.  The Columbia River HSRG was

chaired by Dr. Lars Mobrand from March 2000 to February 2008, when the current chair,

Dr. Peter Paquet, began his tenure.  John Barr and Lee Blankenship served as vice chairs


throughout the project.


Table 1-1 lists the Columbia River HSRG members and their associated organizations;


professional biographies of the members are found in Appendix B.


Facilitation and Policy Components


Facilitation of the HSRG reviews was conducted by D.J. Warren and Associates, Inc. and


lead by Dan Warren.  In addition to overall project management (including contracting


and budgets), the facilitation team secured venues for the monthly HSRG meetings;


organized facility tours; prepared, organized, and distributed meeting materials and


agendas; and facilitated the meetings.  The facilitation team also managed the project

website and all project records.  D.J Warren and Associates provided technical support to

the HSRG via subcontracts to Mobrand/Jones and Stokes; Meridian Environmental, Inc.;


Serverside Software; Malone Environmental Consulting; Triangle Associates, Inc.;


Nancy Bond Hemming; and the Columbia River Intertribal Fish Commission.


The policy coordination team was comprised of staff from the law firm of Gordon,

Thomas, Honeywell, Malanca, Peterson & Daheim, LLP under the leadership of James


Waldo.  Members are identified in Table 1-2.  The policy coordination team tracked the


30244

3-SER-680

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 80 of 300
(684 of 992)



Columbia River Hatchery Reform Project  Page 4

Final Systemwide Report- Part 1

progress of the HSRG review and convened periodic meetings with designated policy


representatives from the tribal, state, and federal management agencies.


Table 1-1. Members of the Columbia River HSRG

Name Organization
Agency/Tribe Affiliated Members
Dr. Donald Campton US Fish and Wildlife Service

Mr. Mike Delarm NOAA Fisheries

Dr. David Fast Yakama Nation 
Mr. Tom Flagg (Dr. Des Maynard, alternate) NOAA Fisheries

Dr. Jeffrey Gislason Bonneville Power Administration
Mr. Paul Kline Idaho Department of Fish and Game
Mr. George Nandor Oregon Department of Fish and Wildlife/Pacific States


Marine Fisheries Commission
Dr. Peter Paquet Northwest Power and Conservation Council
Mr. Andy Appleby/Mr. Paul Seidel (until May 2008) Washington Department of Fish and Wildlife
Unaffiliated Members

Mr. John Barr Independent Consultant 
Mr. H. Lee Blankenship Northwest Marine Technology
Dr. Trevor Evelyn Fisheries and Oceans Canada (retired)
Dr. Lars Mobrand Mobrand/Jones and Stokes
Mr. Stephen H. Smith Stephen H. Smith Fisheries Consulting, Inc.

Table 1-2. Members of the Policy Coordination Team

Name Organization
Ed Bowles Oregon Department of Fish and Wildlife
Kat Brigham Confederated Tribes of the Umatilla Indian Reservation
Gary James Confederated Tribes of the Umatilla Indian Reservation
Claudeo Broncho Shoshone-Bannock Tribes of Fort Hall
Jody Calica Confederated Tribes of the Warm Springs Reservation
Dan Diggs US Fish and Wildlife Service

Ed Schriever Idaho Department of Fish and Game
Becky Johnson Nez Perce Tribe

Dave Johnson Nez Perce Tribe
Phil Anderson Washington Department of Fish and Wildlife
Guy Norman Washington Department of Fish and Wildlife
Joe Peone Confederated Tribes of the Colville Reservation
Philip Rigdon Yakama Nation
Rob Jones NOAA Fisheries

Robert Turner NOAA Fisheries

Jim Waldo Gordon, Thomas, Honeywell, Malanca, Peterson & Daheim
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Review Process
In order to facilitate an ecosystem-level review of such a large landscape as the US


portion of the Columbia River Basin, the HSRG divided the Basin into 14 regions, based

in large part on the regions defined by NPCC in 2000 (Table 1-3).  The 14 regions were

then grouped into 4 areas:  1) Lower Columbia, 2) Mid Columbia, 3) Upper Columbia,


and 4) Snake River.  The review began with the hatcheries located in the lower Columbia


River area and proceeded upstream.  Regional and cumulative reviews were held


beginning in July 2006 and continuing through August 2008.


 Table 1-3. HSRG Columbia River Basin Regions and Areas


Area Region 

Meeting Type and Date


Regional Cumulative


Lower Columbia Cowlitz July 2006 

 Kalama and Lewis July 2006 

 Columbia Estuary, Washington September  2006 

 Lower Columbia to Sandy, Oregon November 2006 

 Columbia Estuary, Oregon November 2006 

 Columbia Gorge, Washington September 2007 

 Columbia Gorge, Oregon August 2007 

 Willamette, Oregon October 2007 

 Lower Columbia Programs Cumulative Review  November 2007


Mid Columbia Columbia Plateau, Oregon December 2007 

 Columbia Plateau, Washington January 2008 

 Mid Columbia Programs Cumulative  Review  February 2008


Upper Columbia Columbia Cascade, Washington April 2008 

 Upper Columbia Programs Cumulative Review  May 2008


Snake River Mountain Snake Salmon June 2008 

 Mountain Snake  Clearwater June 2008 

 Blue Mountain July 2008 

 Snake River Programs Cumulative Review  August 2008

The scientific review was conducted by the HSRG through a series of workshops of two


types: 1) regional and 2) cumulative.  Each regional workshop was preceded by initial

fact-finding by the HSRG.  Data were collected and assembled into draft reports on the


hatchery programs and salmon and steelhead populations within the region.


The first step in each regional workshop was a field visit to facilities and watersheds.

This usually took place over one to two days.  Then, the HSRG met for two or three days


to review data, apply its scientific framework and develop draft recommendations for


hatchery programs.  The pre-workshop draft population reports were revised on the basis


of the information gathered during the field visits and data analysis.


The regional federal, state and tribal hatchery managers were invited at the end of each


work session so the HSRG could ask any remaining questions and get the managers’
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initial reaction to the draft recommendations.  The HSRG captured all of this information


in an electronic spreadsheet tool developed specifically for the purpose, the All “H”

Analyzer (AHA) (see Appendix C).  Information for each population was condensed in

individual Population Reports (Appendix E).


When all the regional workshops within an area were completed, a cumulative workshop

was held.  The purpose of the cumulative workshop was to “roll up” data on all of the


populations in the area, allowing the HSRG and the area fishery managers to view the


“big picture” for that segment of the Columbia River Basin.


1.3 HSRG Analytical Approach

The HSRG based its analysis of Columbia River Basin hatchery programs on the

framework described in Mobrand et al. (2006).  This report identifies three principles as


prerequisites for successful hatchery programs1: 1) well defined goals, 2) scientific


defensibility, and 3) informed decision making.  These principles formed the structure for


the HSRG analytical approach.


Well-Defined Goals
Goals should be expressed in terms of conservation and harvest (or other values defined


by the community, such as education, research, etc).  Hatchery programs are tools to help


meet those goals.  The HSRG reviewed the Columbia River Basin hatchery programs


based on its best understanding of the managers’ goals for conservation and harvest.


Conservation goals apply to populations (ESUs, DPS’ or MPGs) and species.  They are

expressed in terms of biological significance and viability.  Hatchery programs can affect


both biological significance and viability, and almost always2 represent a trade-off of


natural productivity loss3 for abundance gain.


Viability is usually expressed in terms of population productivity, abundance, diversity,


and structure (McElhany 2003).  Viability goals were provided by the managers for

some, but not all, natural populations.


To establish biological significance, the HSRG used the classification system adopted by


the Lower Columbia Fish Recovery Board, under which all distinct salmonid populations


are classified as either Primary, which are targeted for restoration to high productivity


and abundance; Contributing, where small to medium improvements are needed; or


Stabilizing, populations that may be maintained at current levels.


The HSRG developed a set of management standards for acceptable hatchery influence


for each of these three categories.  The standards are most restrictive for Primary and

least restrictive for Stabilizing populations.  Because of uncertainty around the effects of


hatchery fish on the fitness of natural populations, the HSRG also identified some


                                                
1 A successful hatchery program is one where the benefits outweigh the risks, and where a solution including a

hatchery program is better from a benefit/risk standpoint than any alternative means to achieve similar goals.

2 The exception to this rule is when hatcheries are use to re-populate vacant habitat.

3 This loss is generally due to reduced fitness resulting from hatchery fish spawning with wild fish.
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Primary populations where hatchery influence could be minimized, by establishing


“hatchery-free” populations4.


Harvest goals apply to populations and fisheries.  They are expressed in terms of the

numbers of fish harvested by a fishery or groups of fisheries5 and/or as sustainable


harvest rates on the aggregate run or selective rates on hatchery-origin and natural-origin

fish.


The HSRG review and recommendations are based on the goal statements provided by


the managers or found in planning documents.  These goals are captured in the

Population Reports (Appendix E).


Scientific Defensibility
Once the goals for the resource have been established, the scientific rationale for a


hatchery program must be described in a working hypothesis that explains the expected


benefits and risks from the hatchery program.  The purpose, operation, and management

of each hatchery program must be scientifically defensible.  Assumptions under which

the hatchery program will succeed must be consistent with available information.


The HSRG review identified 351 salmon and steelhead populations in the Columbia

River Basin.  The ecological, genetic and fishery context of each of these populations is


unique.  For each unique population, the purpose of each hatchery program must be


identified (will it contribute to conservation and/or harvest?).  Early in the planning

process, the strategy for addressing the genetic relationship of the hatchery populations to


the associated natural populations must be determined (will the recommended hatchery


program be integrated with or segregated from the associated natural population?)6.


Using analytical procedures described in detail in Appendix C, the HSRG reviewed all


current hatchery programs in the Columbia River Basin.  Nearly every hatchery program

was associated with a naturally spawning population.  Four scenarios were examined: 1)


current program, 2) no hatchery, 3) “best”7 segregated program, and 4) “best” integrated

program.  The solution that best met the managers’ conservation and harvest goals for the


population was selected as the “HSRG solution.”  The HSRG conclusion is that the


managers’ goals for conservation and harvest of each population are more likely to be


met on a sustainable basis if the proposed solution is adopted than under the current

hatchery scenario.  Developing the HSRG solutions was an iterative process that took


into account interactions and cumulative effects across all Hs (habitat, hydropower,


hatcheries and harvest).  As a result, the HSRG solutions were not finalized until the

review of the entire Columbia River Basin was completed.


The HSRG is confident that the hypotheses and assumptions used in its analyses are

consistent with facts, knowledge and information available at the time of publication of


                                                
4 Recommendation 8 in Section 2.1 identifies the HSRG’s broodstock management criteria for Primary,

Contributing and Stabilizing populations.

5 HSRG identified four groups of fisheries: marine, Columbia River below Bonneville Dam, Columbia River above

Bonneville Dam, and terminal (in subbasins).

6 Section 2.2 provides more information about integrated and segregated hatchery programs.

7 The “best” program was typically the one that contributed the most to harvest goals without violating the

guidelines for hatchery influence on natural populations.
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this report.  However, the HSRG also acknowledges that uncertainty still exists, and there


may be legitimate disagreement with certain HSRG assumptions.  The HSRG developed

its assumptions (analytical framework/working hypothesis) in order to provide a useful

starting point.  Scientists and managers are encouraged to challenge and change the


assumptions as new information warrants.  While the HSRG has tried to make its


recommendations practical and useful within the current management environment, it did


not perform analyses to determine whether recommendations are consistent with existing


laws, agreements and policies.  It is also important to note that the HSRG’s analysis


projects a long-term outcome under average conditions and is not a prediction of what

might occur in any given year.


Informed Decision Making and Adaptive Management
The management of hatchery programs is an ongoing and dynamic process.  As long as


hatchery programs are operated, they must be adapted to changing circumstances and


new information.  Hatchery managers must expect change and design their decision-
making processes accordingly.  Management must be an ongoing response/feedback


system.  Uncertainty is unavoidable; the only thing that’s certain is that the unexpected

will happen.


Therefore, the HSRG recommends that the managers’ decisions be informed and

modified by continuous evaluations of existing programs and by new scientific

information.  Such an approach will require a substantial increase in scientific oversight


of hatchery operations, particularly in the areas of genetic and ecological monitoring.


With implementation of clear decision-making processes that respond to new


information, the HSRG believes that hatcheries can be managed in a more flexible and


dynamic manner that is responsive to changing environmental conditions, new scientific

information, and the economic value of the resource.


Decisions about hatcheries must also be made in a broader, integrated context.  The


hatchery solution must better meet management goals in a benefit/risk sense than other


available means.  Results of monitoring and evaluation must be brought into the decision-
making process in a clear, concise way that allows needed changes to be implemented.


The process should also be structured to allow for innovation and experimentation, so

hatchery programs may be responsive to new goals and concepts in fish culture.


The HSRG concluded that certain information is critical to operating hatchery programs


in a responsible manner:


• Hatchery fish should not be released unless the contribution of those fish to natural


spawning escapement can and will be estimated with reasonable accuracy and


confidence on an annual basis.


• Contributions from each hatchery program to fisheries should be monitored annually.


• Natural spawner abundance of all populations affected by hatchery fish must be


estimated each year, with the highest priority placed on Primary populations.


Specific monitoring recommendations are provided in the population reports.  A


proposed framework for monitoring is outlined in Appendix A (White Paper No. 5,


Framework for Monitoring and Evaluating Hatchery Programs).
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1.4 Report Overview

This report concludes the most comprehensive review of hatchery programs ever


undertaken in the Columbia River Basin.  The HSRG’s analysis of all 178 Columbia


Basin hatchery programs and 351 salmon and steelhead populations resulted in

principles, recommendations, tools and procedures that provide a foundation for


managing hatcheries more effectively into the future.  The HSRG’s recommendations are


based on well-established biological principles and on information describing the quality


and quantity of habitat used by each population, fish passage survival through the

mainstem Snake and Columbia rivers, hatchery program operations, and the harvest of


natural and hatchery adults.  The recommendations are summarized in the body of this

report, with detail presented in eight appendices.  The report is organized around the


following components:


• This section (Part 1) provides an introduction to the Hatchery Reform Project,


including the project’s background, purpose and scope; the HSRG and other entities


involved; the review process and analytical approach; and this overview of the report.


• Part 2 identifies several overarching conclusions about reforms needed to current

hatchery practices.  Part 2 also includes three general principles for hatchery

management and seventeen system-wide recommendations (recommendations that


apply to hatchery programs across the Columbia River Basin) that the HSRG


formulated from these summary conclusions.


• The principles and system-wide recommendations described in Part 2 are the basis


for the HSRG recommendations presented in Part 3 for each Evolutionarily


Significant Unit (ESU), Distinct Population Segment (DPS) or Major Population

Group (MPG) in the Columbia River Basin.  Part 3 provides a general description of


each ESU/DPS/MPG, and the fisheries, habitat limitations and hatchery programs


that affect it.  Recommendations for ESU/DPS/MPG-wide hatchery program changes


are summarized, as are the predicted results on conservation and harvest goals from


implementing those changes.  This section of the report is organized by species in the

following order: Chinook (3.1), coho (3.2), chum (3.3), steelhead (3.4) and sockeye


(3.5).  Detailed observations and recommendations for the populations within each

ESU, DPS and MPG can be found in Appendix E.


• Appendix A provides eight technical papers the HSRG prepared to summarize the


scientific foundation underpinning many of its principles and recommendations.


These papers address the following topics: (1) Conservation and Sustainable Harvest


Through Fisheries Reform; (2) Predicted Fitness Effects of Interbreeding between

Hatchery and Natural Populations of Pacific Salmon and Steelhead; (3) Antibiotics in


Salmonid Aquaculture; (4) Global Climate Change and its Effects on the Columbia

River Basin; (5) Framework for Monitoring and Evaluating Hatchery Programs; (6)


Transition of Hatchery Programs; (7) Nutrient Enhancement to Increase Salmon


Production; and (8) Outplanting and Net Pen Release of Hatchery-Origin Fish.


• Appendix B provides short biographies of each HSRG member.


• Appendix C describes the analytical methods and information sources used by the


HSRG.  The primary analytical tool is the “All H Analyzer” (AHA), a Microsoft
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Excel-based application developed to evaluate salmon management options in the


context of the four “Hs”—Habitat, (passage through the) Hydroelectric system,

Harvest and Hatcheries.  This tool allows managers to explore the implications of

alternative ways of balancing hatcheries, harvest, habitat and hydroelectric system


constraints.


• Appendix D identifies data sources by ESU/DPS/MPG for individual populations and


also documents the basis for assumptions made about harvest, habitat, hydropower


operations and hatcheries.  A user guide to the AHA tool is provided in this appendix,


with clear, step-by-step instructions for evaluating a fish population, once the AHA

database is downloaded.  Screen images that users will encounter are displayed and

explained.


• Appendix E presents individual reports on the 351 salmon and steelhead populations


in the Columbia River Basin.  Each report briefly summarizes the current status of


the population and provides the HSRG’s observations and recommendations for that


population, based on an analysis of potential management scenarios and their


predicted outcomes after 60 fish generations.  The organizational hierarchy of this

appendix is by species, then by ESU or DPS, and then by individual population.


• Appendix F provides the verbatim comments received in response to the HSRG’s

invitation to the federal, state and tribal salmon managers and others to comment on


the HSRG’s recommendations for every population within their jurisdiction.


Comments were provided through a structured, on-line questionnaire and are


presented in Appendix F by species and then by ESU/DPS.


• Appendix G includes a glossary of terms used throughout this report.


• Appendix H describes how data and information will be managed in the future.
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Part 2 – Summary Conclusions, Principles and

System-Wide Recommendations

2.1 Summary Conclusions 
The HSRG concluded that hatcheries play an important role in the management of


salmon and steelhead populations in the Columbia River Basin.  Nevertheless, the


traditional practice of replacing natural populations with hatchery fish to mitigate for


habitat loss and mortality due to hydroelectric dams is not consistent with today’s

conservation principles and scientific knowledge.  Hatchery fish cannot replace lost

habitat or the natural populations that rely on that habitat.  Therefore, hatchery programs


must be viewed not as surrogates or replacements for lost habitat, but as tools that can be


managed as part of a coordinated strategy to meet watershed or regional resource goals,


in concert with actions affecting habitat, harvest rates, water allocation and other

important components of the human environment.


The HSRG conducted the most comprehensive review of the 178 hatchery programs and


351 salmon and steelhead populations ever undertaken in the Columbia River Basin.  The


resulting population-specific recommendations are intended to provide scientific


guidance for managing each hatchery more effectively in the future.


The benefits and risks of a hatchery program depend on the biological significance of the


affected populations, and the current and future status of all factors affecting the regional


ecosystem within which it operates, including fresh water and marine habitats,

hydropower facilities and operations, harvest patterns, and other regional hatchery


programs.  Hatchery programs should be used only to the extent that they provide a better


option, from the benefit/risk standpoint, than available alternative methods to meet the

same or similar goals.


Hatchery reforms that improve fitness of the natural populations from the current


condition (for example, by promoting local adaptation) also increase the benefit of


current and future habitat improvements.  Conversely, when habitat improvements are


made without hatchery and harvest reforms, the resulting benefits will be less than with

hatchery reform.  Improvements in population fitness and productivity from hatchery

reform are likely to occur on a shorter time scale than improvements from habitat actions.


Given that hatchery reforms enhance habitat potential, there is no reason for these


reforms to wait for future habitat improvements or harvest modifications.


Hatchery management must be aligned with harvest management and vice versa.  The


HSRG has demonstrated that increasing selective harvest on hatchery-origin fish can

have a conservation benefit (population fitness and productivity), economic benefit


(increased harvest) and increase the value of current habitat and habitat improvements.


The HSRG has reached several critical, overarching conclusions regarding areas where


current hatchery and harvest practices need to be reformed.  Managers should:


• Manage hatchery broodstocks to achieve proper genetic integration with, or


segregation from, natural populations;


• Promote local adaptation of natural and hatchery populations;
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• Minimize adverse ecological interactions between hatchery- and natural-origin fish;


• Minimize effects of hatchery facilities on the ecosystem in which they operate; and


• Maximize the survival of hatchery fish.


Each of these conclusions (summarized below) must be addressed through policy,

management, research and monitoring.


Manage Hatchery Broodstocks to Achieve Proper Genetic Integration with, or
Segregation from, Natural Populations

Hatchery programs should be managed as either genetically integrated with, or


segregated from, the natural populations they most directly influence.  A fundamental

purpose of an integrated hatchery program is to increase abundance, while minimizing


the genetic divergence of a hatchery broodstock from a naturally spawning population.


An integrated program is intended to maintain the genetic characteristics of a local,


natural population among hatchery-origin fish by minimizing the genetic effects of


domestication.  This is expected to reduce the genetic risks that hatchery-origin fish may

pose to the naturally spawning population.


The intent of a segregated hatchery program is to maintain a genetically distinct hatchery


population.  The only way to reduce risk (genetic and ecological) to natural populations

from segregated programs is to minimize the contribution of hatchery fish to natural


spawning.  The HSRG established standards for hatchery contribution to natural


spawning based on the biological significance of the natural populations.


The integrated and segregated strategies both have strengths and weaknesses, so the


decision about which strategy to follow must be determined on a case-by-case basis.


While the primary purpose of most integrated hatchery programs is to contribute to


harvest, they may also contribute to conservation by providing a demographic safety net


for the natural population 8.   But they can pose a risk to natural populations if the size of


the hatchery program exceeds the size of the associated natural spawning population.  On

the other hand, segregated hatchery programs can pose significant genetic and ecological

risks to natural populations if they reproduce naturally with wild fish.  The primary way


to reduce these risks from segregated programs is to reduce the number of hatchery fish


spawning in the natural environment.


The ideal integrated or segregated hatchery program is nearly impossible to achieve in

practice.  Because hatchery fish have lower reproductive fitness (even when they come


                                                
8

Supplementation is a term frequently used when referring to hatchery programs where the intent is for hatchery-

origin fish to spawn in the wild and make a contribution to conservation, e.g., RASP 1991.  The HSRG concluded

that this may be possible in some circumstances, but such programs should always be accompanied by

comprehensive monitoring and evaluation efforts.  In the past, attempts to identify the general conditions under

which these net benefits to the population occur have failed (RASP 1991) because generalization is impossible due

to the unique environmental conditions in which each population exists.  Programs should, therefore, be evaluated

on an individual basis where population status and the unique habitat, harvest, hatchery, and hydropower conditions

are taken into account.  It should be noted, however, that integrated conservation programs are most likely to

increase the abundance of natural-origin spawners when natural productivity is relatively low and habitat capacity is

high. 

30253

3-SER-689

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 89 of 300
(693 of 992)



Columbia River Hatchery Reform Project  Page 13

Final Systemwide Report- Part 2

from well-integrated programs), they represent a fitness risk to a natural population (if


one is present) when they spawn in the natural environment.  Yet as noted above,

hatchery fish on the spawning grounds may confer a net conservation benefit when the

demographic extinction risk is high.


In order to address the fitness risks posed by hatchery fish, the HSRG adopted a set of

standards for hatchery influence on natural populations.  These standards, which vary


depending on the biological significance of the population, are intended to support


recovery of natural populations while retaining overall harvest benefits.  They are also


designed to be simple to implement and monitor.  The HSRG also proposes methods for

achieving those standards.


Promote Local Adaptation of Natural and Hatchery Populations
The biological principle behind the broodstock standards for both integrated and


segregated populations is promoting local adaptation.  A major concern with many


current hatchery programs is that they have been operated in a manner that disrupts the

natural selection for population characteristics that are tailored to local environmental


conditions.  Proper integration or segregation of hatchery programs is the recommended


means to minimize the adverse effects of hatcheries on local adaptation of natural


populations.  Local adaptation of hatchery populations is achieved by using local

broodstock (indigenous, in the case of integrated programs; locally returning in the case

of segregated programs) and avoiding transfer of hatchery fish among watersheds.  It is


important to promote local adaptation because it maximizes the viability and productivity


of the population and maintains biological diversity within and between populations.


Local adaption is also important to enable populations to adjust to changing


environmental conditions, for example through climate change.


Minimize Adverse Ecological Interactions between Hatchery- and Natural-Origin Fish
Another important concern associated with hatchery programs is ecological interaction


between hatchery and natural fish such as competition for feeding and spawning


locations, predation of hatchery fish upon natural-origin fish and the potential transfer of


disease from hatchery to natural-origin fish.  One way to address these interactions is for

hatchery programs to be operated so the released fish are segregated from their natural


counterparts in time and space.  Alternatively, hatchery fish can be reared and released to


be as biologically similar to their natural counterparts as possible, although the latter

approach does not always preclude the adverse effects of competition.


For example, competition between hatchery and natural steelhead juveniles in the

Columbia River Basin is of concern to the HSRG, with adverse effects on the natural

population having been documented (e.g., Kostow 2008).  The concern is that although


hatchery steelhead may compete effectively at the juvenile stage, they appear to have


inferior reproductive success.  Juvenile hatchery steelhead can also residualize
9
,


                                                
9 Hatchery steelhead juveniles sometimes fail to migrate to the ocean after release; instead they remain in the

freshwater (residualize).
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increasing competitive interactions10.  Size, time, age, location and method of release of


hatchery fish affect the severity of this risk.  Predation of hatchery fish upon other

salmonids is less well understood, but generally assumed to be less significant than

competition.


Hatchery fish can also pose a disease threat to natural-origin fish both before and after

their release from the hatchery.  To avoid this threat, hatcheries should adopt fish culture


practices that minimize or avoid disease risks.  Suggested practices include providing


suitable water supplies, low rearing densities, appropriate feeds and feeding protocols,


careful sanitary procedures, avoiding out-of-basin fish transfers and screening for, then

limiting the use of broodstock with high levels of pathogens.  Antibiotics should be


judiciously used when necessary (Appendix A, Antibiotics in Salmonid Aquaculture).


Minimize Effects of Hatchery Facilities on the Ecosystem
Facilities operated in support of hatchery programs (traps, weirs, water intake screens and


hatchery effluent discharges) can have adverse effects on salmonid populations and other

aquatic species.  The HSRG noted that, for the most part, existing laws and regulations


related to facilities and operations are adequate to protect the environment.  Not all


facilities, however, are in compliance with those laws and regulations.  It is important


that those facilities be identified and brought into compliance.  Recognizing that weirs

and traps have a legitimate role in controlling hatchery strays that could affect naturally

spawning populations, the HSRG encourages the use of low impact weirs (temporary


structures with controlled passage and that are appropriately staffed) that have minimal


effect on natural populations and their habitats.


Maximize Survival of Hatchery Fish
In order for hatchery programs to effectively contribute to harvest and/or conservation,

the reproductive success and survival of hatchery releases must be high relative to those

of naturally spawning populations.  The primary performance measurement for hatchery


programs should be the total adults produced (harvest plus escapement) per adult


spawned at the hatchery.  All too often in the past, hatcheries have been evaluated based


on the number of smolts released.


2.2 Principles and System-Wide Recommendations

The principles and system-wide recommendations that follow represent the key findings


of the HSRG in its review of Columbia River Basin hatcheries.  The more closely


hatchery programs adhere to these principles and recommendations, the greater the


likelihood of their contribution to the managers’ harvest and conservation goals.  The


HSRG’s three principles for hatchery management are presented below, with each of 17

system-wide recommendations (applicable to programs across the Columbia River Basin

hatchery system) listed under the principle from which it is derived.  These principles and


system-wide recommendations are the basis for the HSRG solutions presented in Part 3 -

ESU/MPG Roll-Up Reports section of this report.  The ESU reports are not presented as


                                                
10 The HSRG analysis accounted for competition by life stage for naturally spawning fish through density dependent

(Beverton-Holt type) mortality factors from fish spawning in the wild.
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the only possible solution for those populations, but rather as a clear demonstration that


current hatchery programs can be redirected to better meet both conservation and harvest

goals.


Principle:  Develop Clear, Specific, Quantifiable Harvest and Conservation Goals for
Natural and Hatchery Populations within an “All H” Context

During its reviews, the HSRG observed that goals for fish populations were not always


explicitly communicated and/or fully understood by the managers and operators of


hatchery programs.  These goals should be quantified, where possible, and expressed in

terms of values to the community (harvest, conservation, education, research, etc.).  At


times, goals have been expressed in terms of the numbers of smolts to be released without


specifying whether or how this hatchery production contributes to harvest and/or


conservation.  Hatchery production numbers may be the means of contributing to harvest

and/or conservation values, but they are not endpoints.  When population goals are

clearly defined in terms of conservation and harvest, hatcheries can be managed as tools


to help meet those goals.


To be successful, hatcheries should be used as part of a comprehensive strategy where


habitat, hatchery management and harvest are coordinated to best meet resource


management goals that are defined for each population in the watershed.  Hatcheries are


by their very nature a compromise—a balancing of benefits and risks to the target

population, other populations, and the natural and human environment affected by the


hatchery program.  Use of a hatchery program is appropriate when benefits significantly

outweigh the risks and when the benefit/risk mix from the program is more favorable


than the benefits and risks associated with non-hatchery strategies for meeting the same


goals.


The HSRG offers the following three system-wide recommendations for defining goals


for natural and hatchery populations.  It should be noted that the HSRG review and


population-specific recommendations found in Appendix E of this report are based on the


HSRG’s interpretation of goal statements provided by the managers or found in their


planning documents.


Recommendation 1:  Express conservation goals in terms of a population’s biological significance (Primary,
Contributing, Stabilizing) and viability (natural-origin spawning abundance and productivity)

Different definitions of biological significance are used by the managers throughout the


Columbia River Basin.  In an effort to provide a consistent analysis, the HSRG applied


the designations for biological significance and population viability used by the Lower


Columbia River Fish Recovery Board to describe salmon and steelhead populations

(LCFRB 2004). 

• Primary: populations must achieve at least high viability


• Contributing: populations must achieve at least medium viability


• Stabilizing: populations must maintain at least current viability


• Viability goals should be expressed in terms of population productivity and

abundance


• Viability goals should also take into account spatial structure and diversity


30256

3-SER-692

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 92 of 300
(696 of 992)



Columbia River Hatchery Reform Project  Page 16

Final Systemwide Report- Part 2

The designation of a population as Primary, Contributing or Stabilizing is a policy


decision; however, for its analysis, the HSRG made assumptions based on the status of

each population and goal statements provided by the managers or found in planning

documents.


Recommendation 2:  Express harvest goals in terms of a population’s contribution to specific fisheries

Harvest goals should be expressed quantitatively where possible, either in terms of catch

(number of fish) in specific fisheries (e.g., tributary sport or other terminal fisheries), or


as mixed-stock, pre-terminal, sustainable harvest rates.   

Recommendation 3:  Ensure goals for individual populations are coordinated and compatible with those for
other populations in the Columbia River Basin

Many important populations of salmon and steelhead do not meet the conservation


expectations identified by managers.  Achieving these expectations requires that

population goals be developed that consider other populations in the Columbia River


Basin, watershed or ESU.  Efforts to harvest abundant hatchery fish from one population


can impact natural fish in another population; hatchery strays can and do interact with

natural populations from different locations within a region.  The contribution of each


hatchery program to the cumulative impact of all hatchery programs in the Basin also


needs to be considered.


Principle:  Design and Operate Hatchery Programs in a Scientifically Defensible
Manner

Once a set of well-defined population goals has been identified, the scientific rationale


for a hatchery program in terms of benefits and risks must be formulated, explaining how

the program expects to achieve its goals.  The purpose, operation, and management of


each hatchery program must be scientifically defensible.  The strategy chosen must be


consistent with current scientific knowledge.  Where there is uncertainty, hypotheses and


assumptions should be articulated.


In general, scientific defensibility will occur at three stages:


1) during the deliberation stage, to determine whether a hatchery should be built and/or

a specific hatchery program initiated;


2) during the planning and design stage for a hatchery or hatchery program; and


3) during the operations stage.


This approach ensures a scientific foundation for hatchery programs, a means for


addressing uncertainty, and a method for demonstrating accountability.  Documentation

for each program should include a description of analytical methods and should be


accompanied with citations from the scientific literature.  The analytical approach used


by the HSRG in its review is described in Appendix C.  This approach is intended to


serve as an example and a starting point in an evolving process.  Standard reports that


document the rationale for hatchery programs should be developed.  HSRG

recommendations 4 through 13 are aimed at ensuring scientifically defensible hatchery


programs.
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Recommendation 4:  Identify the purpose of the hatchery program (i.e., conservation, harvest or both)


Once the goals for a population have been established, it is necessary to identify the

purpose of hatchery programs affecting that population.  A conservation program is one


that is compatible with goals for biological significance (Primary or Contributing) and


viability (productivity, abundance, diversity and spatial structure) of a population.  A


harvest program is one that contributes to specific fisheries at specified rates or harvest

numbers, and is compatible with identified conservation objectives for all populations.


In the past, the purpose of many hatchery programs was described as the release of


specified numbers of juveniles, without identifying whether those releases were intended


to achieve conservation goals, harvest goals, or both.  Unless the purpose of a hatchery


program is clear, it is not possible to effectively design, operate or evaluate the program.


Recommendation 5:  Explicitly state the scientific assumptions under which a program contributes to
meeting the stated goals

Once population goals have been defined and the purpose(s) of a hatchery program

(harvest, conservation, or both) have been established, the scientific rationale for the


program must be documented.  The scientific rationale explains, in terms of benefits and


risks, how the hatchery program is expected to achieve its purpose.  The purpose,


operation and management of the program must be scientifically defensible and the

chosen strategy must be consistent with current scientific knowledge.  Where there is


uncertainty, hypotheses and assumptions should be documented, so those assumptions


can be evaluated and modified as new information becomes available.  Documentation

should include citations from the scientific literature and analytical tools that take into


account the various factors that will affect the success of the program (predation

assumptions, cumulative effects, etc.) 11.  This approach ensures a scientific foundation


for hatchery programs, a means to address uncertainty, and a method to demonstrate


accountability.


Recommendation 6:  Select an integrated or segregated broodstock management strategy based on
population goals and hatchery program purpose

One of the most critical needs in hatchery reform is to improve hatchery broodstock

management.  Hatchery programs should be managed as either genetically integrated


with, or segregated from, the natural populations they most directly influence (Appendix

A, Implementing and Transitioning Hatchery Programs).  A fundamental purpose of most


integrated hatchery programs is to increase abundance for harvest, while minimizing the


genetic divergence and reproductive fitness differences between the hatchery broodstock

and the naturally spawning population.  In some cases, integrated programs also serve as


                                                
11 For example, the HSRG used the Beverton-Holt production function to capture effects of habitat, harvest, and


hatchery factors on survival by life stage.  The effect of hatchery-origin spawners on productivity of the naturally

spawning population was based on the Ford fitness model as adapted by Campton and Busack (personal

communication with D. Campton).  The specific assumptions used in these calculations were entered into the AHA

spreadsheet.  An example of assumptions used and their expected outcome is shown in Table D-2 of Appendix D.

The biological specifications document prepared by Yakima/Klickitat Fisheries Program (Hager and Costello 1999)

is another example of how scientific accountability can be documented.
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a demographic safety net to vulnerable natural populations.  An integrated program is


intended to maintain the genetic characteristics of a locally adapted natural population

and minimize the potential genetic effect of domestication.  To achieve this, at a

minimum, the proportion of hatchery broodstock comprised of natural-origin fish


(pNOB) has to be greater than the proportion of the natural spawning population that is


made up of hatchery-origin fish (pHOS).


For segregated hatchery programs, the intent is to maintain a genetically distinct hatchery


population that is isolated from natural populations.  Ideally, fish from this type of


hatchery program would be propagated solely from hatchery returns and not allowed to

spawn with the natural population.  The primary intent of a segregated program is to


create a hatchery-adapted population to meet goals for harvest.


The biological principle behind the broodstock standards for both integrated and


segregated populations is local adaptation, i.e., allowing a population to adapt to the


environment it inhabits.  Disruption of local adaptation continues to be a major concern

with many current hatchery programs because programs have often been operated in a

manner that disrupts the natural selection for population characteristics that are tailored to


the local environmental conditions.  Proper integration and segregation of hatchery


programs is the HSRG’s recommended means for minimizing adverse effects of


hatcheries on local adaptation.


The typical benefit of reforming broodstock management is that abundance goals for


conservation and harvest can be met while at the same time improving the productivity of


natural populations.  Many current hatchery programs have been responsible for loss of


fitness and genetic diversity through the influence of maladapted hatchery-origin fish on


the spawning grounds.  Hatchery fish on the spawning grounds always represent a

compromise between the demographic benefits and the genetic risk, even when they

come from a well-integrated program.  The HSRG concluded that when its broodstock


management standards for an integrated or segregated program are met and managers’


abundance goals are achieved, the benefits of the hatchery program outweigh the risks.12

The HSRG also recommends establishing hatchery-free populations as a means of


reducing the genetic and ecological risks to an MPG or ESU.  These hatchery-free

populations provide both a hedge against unknown or poorly understood hatchery


influences and a reference for future changes in abundance and productivity of all

populations.


Recommendation 7:  Size hatchery programs based on population goals and as part of an “all H” strategy

A hatchery program should be sized to achieve abundance goals for harvest and


conservation, while reducing the effects on natural populations from straying, ecological

interactions and from collecting more natural broodstock than the population can support.


The appropriate size of an integrated or segregated program is directly related to the


productivity and abundance of the natural population, taking into account the effects of

harvest, hydropower operations and habitat conditions.  The abundance and productivity


                                                
12   For more information on the integrated/segregated concept, standards and implementation methods, see Section

B-3 (Management Goals for Hatchery Broodstocks: Genetic Integration Versus Segregation) of the HSRG April

2004 report, and the technical discussion papers on integrated and segregated hatchery programs, all available at the

HSRG’s website, www.hatcheryreform.us.
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of the natural population, as well as the ability to fully harvest hatchery-origin fish,


determine the effect of hatchery straying on the natural population.  This, in turn,

determines the proper size of a hatchery program.


Concerns about ecological interactions can be addressed in part by making the hatchery


program as small as possible, while assuring that benefits from the program still outweigh

the risks.  Time, size, age and location of released hatchery fish also affect straying,


survival and ecological interactions.  When a hatchery program is sized appropriately, the


demographic benefits to harvest and/or conservation outweigh the genetic and ecological


risks13.


It is not uncommon within the Columbia River Basin for excessive adult surpluses to


return to a hatchery.  These surpluses— the consequence of incorrectly sized programs


and/or under-harvesting of hatchery fish—have led to lost economic benefit, unneeded


expenditure for production, and increased conservation concerns.  The HSRG


recommends that managers size their hatchery and harvest programs to reduce these

surpluses and use some of the surplus fish to provide ecological benefit through nutrient

enhancement of streams and rivers (Appendix A, Nutrient Enhancement of Freshwater


Streams to Increase Production of Pacific Salmon).  Specific program recommendations


to rectify excessive surpluses are identified in the population reports (Appendix E).


Recommendation 8:  Manage harvest, hatchery broodstock, and natural spawning escapement to meet
HSRG standards appropriate to the affected natural population’s designation

Effectively managing harvest, hatchery broodstock and natural spawning escapement is


essential to controlling genetic risks due to straying of hatchery adults.  Straying can


result in fitness loss in natural populations.  To limit these risks and meet conservation


goals, the HSRG developed quantitative standards for the proportion of natural-origin


spawners made up of hatchery-origin fish (pHOS), the proportion of hatchery broodstock

derived from natural-origin fish (pNOB), and the proportionate natural influence (PNI)

on an integrated population that results from the combination of pHOS and pNOB.


The designation of a population as Primary, Contributing or Stabilizing is a policy

decision; however, for its analysis, the HSRG made assumptions based on the status of


each population and manager’s objectives.  Standards used by the HSRG for broodstock


management are as follows:


HSRG criteria for hatchery influence on Primary populations

• The proportion of effective hatchery-origin spawners (pHOS) should be less than 5%


of the naturally spawning population, unless the hatchery population is integrated


with the natural population.


• For integrated populations, the proportion of natural-origin adults in the broodstock

should exceed pHOS by at least a factor of two, corresponding to a PNI


(proportionate natural influence) value of 0.67 or greater and pHOS should be less


than 0.30.


                                                
13 The proposed Klickitat coho harvest program, for example, is designed to maximize survival through local

adaptation, and reduce straying and ecological interactions by reducing the number of fish released and acclimating

the fish downstream of the current release site.
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HSRG criteria for hatchery influence on Contributing populations

• The proportion of effective hatchery-origin spawners (pHOS) should be less than


10% of the naturally spawning population, unless the hatchery population is


integrated with the natural population.


• For integrated populations, the proportion of natural-origin adults in the broodstock


should exceed pHOS, corresponding to a PNI value of 0.50 or greater and pHOS

should be less than 0.30.


HSRG criteria for hatchery influence on Stabilizing populations

• The current operating conditions were considered adequate to meet conservation


goals.  No criteria were developed for proportion of effective hatchery-origin


spawners (pHOS) or PNI.


In order to meet these standards, the number of hatchery fish on the spawning grounds


must be monitored and controlled.  It is possible to accomplish this by reducing or totally


eliminating hatchery fish.  These options, however, would severely reduce most fisheries


and the associated economic and cultural benefits, as well as reduce the demographic


benefits provided by hatchery programs.  Eliminating hatchery programs would not allow

most populations to meet conservation goals for abundance.


The HSRG’s analysis showed that both conservation goals and harvest goals could be


met with an appropriate combination of reduced hatchery production, selective harvest of

hatchery fish, and/or selective removal of hatchery adults with tributary traps or weirs.


Marking or tagging all hatchery fish so that they are easily distinguished (in real time)


from natural-origin fish is a basic requirement for selective harvest, as well as for

monitoring and achieving desired levels of pHOS, pNOB and PNI.14

 Recommendation 9:  Manage the harvest to achieve full use of hatchery-origin fish


Many salmon fisheries can be restructured to increase the beneficial harvest of hatchery

salmon, while reducing the adverse biological effects of excessive numbers of hatchery


fish spawning in the wild.  Hatchery fish from harvest programs need an external mark


(adipose fin-clip) so they can be distinguished from natural-origin fish and selectively

harvested in various fisheries.


Many current fisheries are incapable of harvesting available adult hatchery salmon

without over-harvesting natural populations.  Harvest of hatchery salmon predominantly

occurs in mixed stock fisheries, where harvest rates are restricted to protect weaker


natural populations.  Consequently, significant economic benefits are unrealized,


hatcheries often get large surpluses of returning salmon that are of little benefit to the


                                                
14 The HSRG’s review of the Lower Columbia River Chinook ESU (see Part 3 of this report) provides an example

of harvest and broodstock management changes that would result in appropriate pHOS and PNI standards consistent

with conservation goals, while simultaneously increasing harvest over current levels.  The HSRG’s proposal would

(1) reduce hatchery production by three percent and move it to terminal release areas where selective fisheries could

occur; (2) increase selective harvest in the ocean, mainstem and terminal areas; and (3) add two weirs.  These


solutions project an increase in overall harvest while contributing to conservation objectives by increasing natural

productivity by 75% and natural-origin spawner abundance by 25% for Primary populations.
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public, and many natural spawning salmon populations are swamped with excessive


escapement of hatchery fish, depressing the natural populations’ viability.


Because salmon survival in any given year can vary by an order of magnitude, fisheries

must be flexible enough to harvest highly variable numbers of hatchery salmon.  In many


cases, if fisheries are not managed to remove more hatchery salmon, hatchery programs

need to be reduced or terminated to avoid adverse effects on natural populations.


To both increase salmonid harvests and minimize adverse biological effects on natural


populations, the HSRG recommends that most fisheries be managed as selective

fisheries, where marked hatchery fish are retained and unmarked fish are released with

minimal mortality.  Selective commercial fishing gear needs to be developed and


assessed for use in the Columbia River Basin.  Additionally, the HSRG recommends that


more hatchery fish be transferred to and acclimated in terminal fishing locales, where


they can be harvested in known stock fisheries with little mortality to other populations.15

Recommendation 10:  Ensure all hatchery programs have self-sustaining broodstocks

Many current hatchery programs import juveniles from out-of-subbasin sources.  This


practice inhibits local adaptation, which is important to long-term productivity and


sustainable harvest of both natural and hatchery populations.  The practice of importing

broodstock and juveniles to a number of outplanting locations also contributes to the loss

of genetic diversity within and among populations.  Use of local broodstock and in-basin


rearing promotes selection for traits favorable to survival in the local environment and


improves homing fidelity, thereby reducing straying risks to other populations.16  In this


context, the same biological principles used to manage wild populations should be used

to manage hatchery populations.  Exceptions to this are the designated terminal area


fisheries, where the intent is to harvest all returning adults (e.g., Youngs Bay).


Recommendation 11:  Coordinate hatchery programs within the Columbia River Basin ecosystem to account
for the effects of all hatchery programs on each natural population and each hatchery program on all natural
populations

Columbia River Basin fish production needs to be regionally coordinated if system-wide


conservation and harvest goals are to be met.  Regional coordination would allow

oversight of the effects of all hatchery programs on each natural population and the


effects of each hatchery program on all natural populations.  The focus should be on

limiting negative ecological and genetic impacts of harvest production on naturally


                                                
15 One example of the HSRG’s suggested solution is for Youngs Bay coho (see Part 3.2 of this report).  The HSRG

projected that annual harvests at the Youngs Bay terminal fishery site could increase by 12,000 coho and hatchery

surpluses could be decreased by a similar amount if an additional 1 million hatchery fish were transferred to the site.

The HSRG also recommends that the Washington coastal and lower Columbia River sport and commercial Chinook

fisheries be managed selectively.  By doing so, harvest of threatened wild Lower Columbia River Chinook would be

reduced by about 36% under HSRG projections.  Similarly, hatchery fish harvest would increase by about 13% and

wild summer Chinook harvest would decline by about 7% if the Columbia River sport and terminal summer

Chinook fisheries were managed as selective.

16 An example is the Wenatchee coho reintroduction program.  Lower Columbia broodstock was replaced with in-
basin adults in an effort to select for population traits that could withstand the rigors of migration over seven

additional mainstem dams into the upper Wenatchee watershed.
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rearing populations, and ensuring that system-wide hatchery propagation does not


overwhelm individual, biologically significant, natural populations.


The anadromous fish released in each subbasin will interact with wild and hatchery fish

from other subbasins as they migrate through the downstream corridor, estuary and


ocean.  In some cases, these interactions may be positive (i.e., hatchery fish may provide

food for natural populations or for predators that would normally prey on natural


populations).  In other cases, effects could be negative.  Hatchery fish may compete for


food and space, attract predators, or prey on natural and hatchery fish from other


subbasins.  Negative interactions can also be genetic.  Hatchery fish from one subbasin

may stray and spawn with fish in other subbasins, reducing the natural population’s


fitness.


The effects of these ecological interactions are heightened as the cumulative number of


hatchery fish released into the Columbia River Basin for harvest increases.  Therefore, in


order to minimize the negative ecological impacts on stocks of special concern, overall

anadromous fish production should be limited to the minimum number needed to meet

system-wide harvest and conservation goals of the various managers.  In addition, the


combined natural and hatchery production should take into account the carrying capacity


of the migratory corridor, estuary and ocean.  Meeting these system-wide limitations on


production requires coordination of the number of anadromous fish released by all

hatchery operators in the Columbia River Basin.  The result of this type of coordination


could be invaluable in achieving conservation, while maintaining or increasing harvest.


Basin-wide coordination would require that regional decision-makers have convenient


access to reports showing population goals, current status of populations and fisheries,


and expected and realized contributions from hatchery programs.  This information

should be up to date and easily accessible via the Internet.  It should be possible to view

the information at several levels—by population, ESU and species—for the entire


Columbia River Basin.17

Recommendation 12:  Assure that facilities are constructed and operated in compliance with environmental
laws and regulations

Hatchery facilities include adult collection, spawning, incubation and rearing and release


facilities as well as structures to remove and discharge water.  These structures are

usually located in riparian areas or within streams and can affect habitat quality and


quantity, as well as the use of habitat by juvenile and adult fish.  Hatchery structures can


create obstacles to migration for juvenile and adult fish, change instream flow, alter

riparian habitat and diminish water quality through hatchery discharges.


Water for hatchery use is often drawn from an adjacent stream via pumps or gravity.

Improperly designed and maintained water intakes can impinge migrant or resident

juveniles on hatchery screens or cause fish to be trapped in hatchery facilities.  Structures


such as adult weirs and water intake dams can also block natural passage of salmonids to


spawning or rearing areas.  Water diverted from adjacent streams for fish culture


                                                
17 The AHA tool described in Appendix C is a good starting point for developing this capability.  The

implementation recommendations described in Section 2.2 would also help support a coordinated decision-making

process that is responsive to information feedback.
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purposes is often returned downstream and can reduce the amount of water for juvenile


rearing and upstream adult migration between the area of intake and discharge.  Hatchery

discharge can also diminish water quality below the point of discharge through changes

in temperature, settleable and suspended solids, chemical composition, and presence of


therapeutic drugs.


The HSRG has noted that, for the most part, existing laws and regulations related to


facilities and operations are adequate to protect the environment; however, not all


facilities are in compliance with those laws and regulations.  It is important that those


facilities come into compliance.  If hatchery facilities and operations are not in

compliance with environmental laws and regulations, the consequence could be loss of


natural production.  In addition, failure to comply with these requirements could lead to


closure of facilities and the loss of any harvest or conservation benefit derived from the

programs.


Recommendation 13:  Maximize survival of hatchery fish consistent with conservation goals

Maximizing the survival of hatchery fish enables conservation programs to accelerate


their rebuilding efforts.  It allows production hatcheries to reduce their ecological impacts

on natural populations.  Conservation hatcheries producing juveniles with high survival

generate more spawners on the spawning grounds.  This, in turn, accelerates the rate at


which recovery programs move toward meeting their goals.  Production programs may


have to reduce release numbers to decrease negative ecological impacts on natural


populations.  Increasing post-release survival can offset this reduction and enable


managers to meet their harvest goals.


There are many approaches to increasing fish survival.  The release of fish at the


appropriate time, size, age and location can significantly increase their recruitment to


fisheries and natural escapement.  Releasing rapidly migrating smolts rather than fry

increases survival and reduces negative ecological interactions in the freshwater


environment.  Similarly, the release of healthy fish produces more fish for harvest and


less opportunity to spread disease to natural populations.  Improving water quality and

reducing loading and density during rearing are also proven tools used by fish culturists


to enhance fish survival.  Adoption of volitional release (allowing smolts to outmigrate


when they are ready, rather than “forcing” them out at a preset date) with removal of


residuals (fish that do not outmigrate) may increase the long-term survival of released

fish, while decreasing negative ecological interactions with natural populations.  Proper

acclimation and imprinting of hatchery juveniles can reduce straying and enhance


survival to the desired location for their harvest or artificial spawning.18

Developing and adopting these and other culture and release practices that maximize fish

survival and minimize negative ecological interactions by reducing production release


numbers, can aid conservation programs in rebuilding runs and reducing the conflict


between harvest programs and conservation goals for natural populations.


                                                
18 Many of the HSRG solutions provided in Appendix E for upper Columbia Basin releases (such as Wenatchee

coho) encourage local adaptation.  This should produce higher survival and allow managers to meet their

conservation and harvest goals with lower release numbers.  Increasing the release size of spring Chinook in the

Grande Ronde subbasin provides another example that should lead to higher survival and accelerate recovery.
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Principle: Monitor, Evaluate and Adaptively Manage Hatchery Programs
In addition to establishing resource goals (the first principle) and a defensible scientific


rationale for a hatchery program (the second principle), the HSRG recommends that the

managers’ decisions be informed and modified by continuous evaluation of existing

programs, changing circumstances and new scientific information.  Systems affected by


hatchery programs are dynamic and complex; therefore, uncertainty is unavoidable.  The


only thing certain is that the unexpected will occur.  Managing hatchery programs is an


ongoing and dynamic process.


Hatchery managers’ decision-making processes must include provisions to monitor the


results of their programs and identify when environmental conditions or scientific


knowledge has changed.  Climate change and human population growth are examples of


the factors that must be taken into consideration in the future.  New data will change our


understanding of the ecological and genetic impacts of hatchery programs.  Recognizing

these changes should lead directly to changes in hatchery operations.


This approach will require a substantial increase in scientific oversight of hatchery


operations, particularly in the areas of genetic and ecological monitoring.  The process

should be structured to allow directed research, innovation and experimentation, so


hatchery programs may be effectively modified to better contribute to new goals and


incorporate new concepts in fish culture practice.


Recommendation 14:  Regularly review goals and performance of hatchery programs in a transparent,

regional, “all-H” context

The HSRG recommends that the managers’ decisions be informed and modified by


periodic evaluations of existing programs in light of new scientific information.  This


evaluation process should be on-going to allow incorporation of new knowledge as soon


as possible.  Comprehensive reviews of hatchery programs should be conducted at

regularly scheduled intervals.


The 2008 Federal Columbia River Power System Biological Opinion (NMFS 2008e)


requires periodic reviews at five and ten year intervals, to monitor progress toward


implementing actions and assessing progress towards achieving expected benefits.  These


types of periodic reviews assess the region’s implementation progress and allow

consideration of new information and adjustment of plans to achieve managers’


objectives.  Hatcheries should also be subject to comprehensive review every five years.


This review should include hatchery operation and performance, as well as hatchery


program performance standards, to ensure continued consistency with overall population


goals.19

For many programs, this approach will require a substantial increase in scientific

oversight of hatchery operations, particularly in the areas of genetic and ecological


monitoring.  Well-defined, responsive decision-making processes will need to be in place


to accommodate new information and recommendations resulting from these hatchery

reviews.  These periodic reviews will help keep the region focused on hatchery reform


implementation and will help monitor benefits and risks over time.


                                                
19 To facilitate these regional reviews, all HSRG data sets and reports, as well as the AHA tools, are available

through the publically accessible Hatchery Reform web site, www.hatcheryreform.us.
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The HSRG believes that hatcheries can be managed in a more flexible and dynamic


manner in response to changing environmental conditions, new scientific information,

and the changing economic value of the resource.  Decisions about hatcheries must also

be made in a broader, integrated context and hatchery solutions must meet the test of


being better, in a benefit-risk sense, than alternative available means to meet similar


goals.  Results of monitoring and evaluation must be brought into the decision-making


process in a clear and concise way, so needed changes can be implemented.  This


responsive process should be structured to allow for innovation and experimentation, so


hatchery programs may incorporate new goals and concepts in fish culture practice.


The HSRG has concluded that certain information is critical to operating hatchery


programs in a responsible manner.  Hatchery fish should not be released unless the


contribution of those fish to natural spawning escapement can and will be estimated with

reasonable accuracy on an annual basis.  Contribution from each hatchery program to


fisheries should also be monitored annually.  Increased tagging rates and improved

sampling of fisheries and spawning escapement will be needed to assure sufficient


accuracy in estimating contributions of specific hatchery programs to harvest and natural


spawning.  Natural spawner abundance of populations affected by hatchery fish should be


estimated each year, with the highest priority placed on Primary populations.20

Recommendation 15:  Place a priority on research that develops solutions to potential problems and
quantifies factors affecting relative reproductive success and long-term fitness of populations influenced by
hatcheries 

Hatcheries have demonstrated that they can successfully provide fish for harvest.

Scientific uncertainty remains about the reproductive success of hatchery-origin fish in

the wild.  A growing body of research has shown that traditional hatchery practices


produce adults that may exhibit lower reproductive success in nature than locally adapted


natural fish.  In addition, it appears that a number of natural populations continue to have


low productivity and are at risk of going extinct.


Hatcheries have played a role in preserving some at-risk populations in the short term,

but the longer-term effects are unknown.  Hatcheries will continue to be used to preserve


natural populations in the foreseeable future.  Current research is focused on quantifying


the relative reproductive success between hatchery- and natural-origin fish using


traditional practices, but has not attempted to identify factors or test solutions to improve

upon this performance.


The environmental phenotypic component (i.e., the reproductive success of first

generation hatchery-origin fish) needs further investigation for different species and

culture conditions.  Also, long-term fitness loss as a function of the proportion of


hatchery fish in natural spawning populations and the proportion of natural fish in the


hatchery broodstock must be addressed, among other factors.  Future research should be


prioritized to identify factors causing reduced fitness and reproductive success of

hatchery fish and investigate whether changes to fish culture practices can overcome


these problems.


                                                
20 Specific monitoring recommendations are provided in the population reports (Appendix E).  A proposed

framework for monitoring is outlined in Appendix A (Framework for Monitoring and Evaluating Hatchery

Programs).
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Recommendation 16:  Design and operate hatcheries and hatchery programs with the flexibility to respond
to changing conditions

The concept of adaptive management is well established in the Columbia River Basin.


Adaptive management is a structured, iterative process of optimal decision-making in the

face of uncertainty, aimed at reducing uncertainty over time through system monitoring


and evaluation.  The HSRG developed its recommendations using analyses based on best


available scientific knowledge, reasonable assumptions where information was lacking,

and management goals (as understood by the group).  The HSRG’s recommendations are


based on the interactions among and between hydropower and hatchery operations, as

well as harvest and habitat variables.  The analytical methods used to develop those


recommendations will need to be updated, and management decisions adapted


accordingly as new knowledge is gained through the implementation, monitoring and


evaluation of hatchery reform.  It will be important for hatchery managers to design and


operate hatchery programs with the flexibility to respond to both new knowledge and

changing conditions.  This is likely to be increasingly important in light of changing

climate conditions (Appendix A, Global Climate Change and its Effects on the Columbia


River Basin).


Recommendation 17:  Discontinue or modify programs if risks outweigh the benefits

Many of the Columbia River Basin hatchery programs were initiated in the 1950s and


1960s and were designed to support high levels of harvest.  The importance of

maintaining viable natural populations was not well understood and was not a priority


during the development of hatchery infrastructure, especially in much of the Columbia


River Basin.  Scientific information since then has shown that hatchery fish can pose

significant risks to natural populations if managed improperly.  In addition, recent


Endangered Species Act (ESA) listings of salmon and steelhead have elevated


conservation of viable natural populations to a management priority.  Many of the

hatchery programs designed to support a single harvest objective must be modified to


also achieve conservation goals for natural populations.  Both conservation and harvest

goals can be achieved if resources are provided to modify these hatchery programs.


Without these investments, programs will have to be reduced or discontinued, in order to


achieve the conservation goals.  This will result in loss of harvest benefits.


2.3 Next Steps in Hatchery Reform

Hatchery design, programming and reform often occur simultaneously within the


Columbia River Basin due to the myriad funding, regulatory and management entities


and forums.  These activities are complicated by the large number of Basin hatchery

programs (178) and populations (351) across multiple political jurisdictions.  If hatchery


benefits and risks are to be scientifically assessed, a common language and framework is

needed within the Basin to ensure such critical work is efficiently and effectively


completed.  To that end, the HSRG recommends application of its implementation


framework.


The framework consists of the scientific principles, assessment tools and the 17 system-

wide recommendations.  These will be available and maintained on a public web site to


ensure a consistent and transparent assessment for management and reform of hatchery


programs.  The HSRG recommends that the fishery managers use the HSRG’s program-
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specific population reports, data sets and analytical tools as a starting point for future


hatchery assessments.


Institutionalizing an implementation framework is critical to achieving meaningful and

sustained reform, and to optimizing long-term management.  In addition to its scientific


underpinnings, this framework is also beneficial because it allows managers and their

constituents to consider future hatchery reforms and affected fisheries in a quantitative


manner.  It allows sound scientific principles and standards to be applied using sets of


comprehensive parameter values and stated assumptions for individual populations and


the ecosystem as a whole.  Being able to assess future management scenarios will allow

managers and constituents to more easily visualize future options and adapt current


management to achieve greater biological and social benefits while reducing biological


and social risks.


Implementation Recommendations
Hatchery management and the reforms recommended by the HSRG could affect many

entities in the Columbia River Basin.  Fishery managers; funding authorities such as


utilities, the Bonneville Power Administration and Congress; and regulators such as


NOAA Fisheries will all have important roles in implementation of hatchery reform.


Hatchery reform is also important to the Northwest Power and Conservation Council

(NPCC) which is mandated to develop a comprehensive fish and wildlife program.

Additionally, proper hatchery management affects the full range of land and water use


and users in the Columbia River Basin, since hatchery practices greatly influence the


success of, and investment in, habitat protection and restoration for steelhead and salmon


conservation.  The entire region, therefore, has a stake in hatchery reform and the


HSRG’s recommendations.


The work of the HSRG will add significant value to fisheries management only if the


principles and system-wide recommendations are fully integrated into everyday hatchery


and harvest planning and operations.  To this end, the HSRG provides the following

recommendations for implementation:


• The region’s hatchery managers should incorporate the HSRG implementation


framework into their ongoing hatchery program planning and reviews.  This


framework is, at this time, the most comprehensive method available to

programmatically review hatchery programs and apply the best available


scientific information in a methodical and consistent manner.  In its current ESA


consultations on each hatchery program, NOAA Fisheries should include

assessment of hatchery programs by applying the HSRG standards, tools and data


in development of the Hatchery and Genetic Management Plans (HGMPs).

HGMPs should also address how each hatchery program incorporates the


HSRG’s system-wide recommendations (Section 2.2).  The HSRG tools will


allow consultations on hatchery management to be quantitatively integrated into


an All-H or ecosystem management context along with population effects from


hydropower, harvest and habitat.  NOAA should also fully consider the HSRG

solutions presented in individual population reports (Appendix E) in its reviews

with each hatchery operator.
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• The HSRG encourages the regional hatchery funding entities (utilities, BPA,

Army Corps of Engineers, Bureau of Reclamation, NOAA and USFWS) to adopt


the HSRG framework and system-wide recommendations as a basis for future


funding and accountability of their respective hatchery mitigation or

enhancement programs.  Similarly, the NPCC is encouraged to integrate the


HSRG framework and the 17 system-wide recommendations into its three-step


hatchery planning process, along with previous independent scientific guidance


on hatchery programs from the Independent Science Advisory Board and

Independent Scientific Review Panel.


• An implementation plan, as well as maintaining and updating the current data

sets and population reports, is needed to fully realize the substantial benefits of


adopting the HSRG framework.  The HSRG recommends that the hatchery


operators make a commitment to maintain and update data sets and analytical


tools, and that the hatchery funding entities and NPCC include annual


information updates as a requirement for, and a component of, hatchery program


funding.


• The publicly-accessible website housing the HSRG framework, data sets and


analytical tools will require a permanent home and long-term funding, which has

yet to be secured.  This is critical to ensuring that the data set is up to date.  The


website must include the HSRG tools and data sets, so that hatchery managers


can access them, create and update population reports, and make the reports


available to the funding entities, NOAA, the NPCC and the public.  The data sets

will also need to be accessible for watershed and mainstem passage planning


groups to update critical habitat and passage survival information.  The HSRG

had to apply many assumptions in its assessment of hatchery programs.  As


scientific knowledge evolves from ongoing research, these assumptions will need


to be documented and changed.  The HSRG tools readily allow for such

revisions.


• Finally, implementation of the HSRG recommendations involves regular


programmatic performance reviews of hatchery programs.  While hatchery


operators should review programs annually, the HSRG recommends a regional

performance review of hatchery programs that assesses program performance


against the managers’ goals, the HSRG standards and system-wide


recommendations.  These reviews could be undertaken at the Provincial level and

scheduled so that hatchery programs in each Province are publicly reviewed


every five years.  The reviews could accomplish necessary oversight for a


number of processes, including funding, ESA regulation, consistency with


NPCC’s program, consistency with the US v. Oregon management plan,

independent scientific oversight, and for public accountability.  As part of the

scientific oversight, each hatchery program should be rated on its conservation


and harvest performance objectives and its adherence to the HSRG system-wide


recommendations.
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Part 3 – ESU/MPG Roll-Up Reports

3.1 Chinook


3.1.1 Lower Columbia River Chinook Salmon ESU
This section provides an overview of the Lower Columbia River Chinook Salmon

Evolutionarily Significant Unit (ESU).  It contains a general description of the ESU,

fisheries, habitat limitations and hatchery programs that affect it.  Overall


recommendations for ESU-wide hatchery program changes are summarized, as are the


results of implementing those changes on conservation and harvest goals.  Detailed


conclusions and recommendations for each population in the ESU can be found in the


Appendix E.


3.1.1.1 HSRG Population Guidelines


In order to meet conservations goals for the ESU, numerous threats to these populations


need to be addressed, including risks from hatchery programs.  The key to controlling

genetic and ecological risks due to straying and fitness loss is to manage hatchery

broodstock and natural spawning escapement such that the natural habitat (and not the


hatchery environment) drives the adaptation and productivity of the naturally spawning


population.  This is achieved by operating either (a) integrated programs where the


proportion of natural-origin adults in the broodstock (pNOB) exceeds the proportion of


hatchery-origin fish on the spawning grounds (pHOS); or (b) segregated programs where


the contribution of hatchery fish to natural spawning is kept low (pHOS <5% to <10%

depending on the population designation).  The HSRG developed criteria for hatchery


influence for three population types based on the importance of the population to the


recovery of the ESU.  The Lower Columbia River Salmon Recovery Plan (LCFRB 2004)


classified populations as Primary, Contributing, or Stabilizing.  These designations are


meant to reflect the conservation importance of a population within the ESU from most

important (Primary), to moderately important (Contributing), to least important


(Stabilizing).  HSRG recommendations show how hatchery programs can be operated

consistent with these designations based on the following standards:


HSRG criteria for hatchery influence on Primary populations

• The proportion of effective hatchery-origin spawners (pHOS) should be less than 5%


of the naturally spawning population, unless the hatchery population is integrated


with the natural population.


• For integrated populations, the proportion of natural-origin adults in the broodstock


should exceed pHOS by at least a factor of two, corresponding to a PNI

(proportionate natural influence) value of 0.67 or greater and pHOS should be less

than 0.30.


30270

3-SER-706

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 106 of 300
(710 of 992)



Columbia River Hatchery Reform Project  Page 30

Final Systemwide Report - Part 3.1 Chinook ESUs

HSRG criteria for hatchery influence on Contributing populations

• The proportion of effective hatchery-origin spawners (pHOS) should be less than


10% of the naturally spawning population, unless the hatchery population is


integrated with the natural population.


• For integrated populations, the proportion of natural-origin adults in the broodstock


should exceed pHOS, corresponding to a PNI value of 0.50 or greater and pHOS

should be less than 0.30.


HSRG criteria for hatchery influence on Stabilizing populations

• The current operating conditions are considered adequate to meet conservation goals.


No criteria were developed for proportion of effective hatchery-origin spawners


(pHOS) or PNI.


3.1.1.2 Current Conditions


Conservation

The Lower Columbia River Chinook salmon ESU includes all naturally spawned


populations from the mouth of the Columbia River upstream to and including the White

Salmon River in Washington and the Hood River in Oregon.  Additionally, this ESU


includes naturally spawning Chinook in the Willamette River upstream to Willamette


Falls (exclusive of the spring-run Chinook salmon in the Clackamas River), as well as 17

artificial propagation programs.  There are six major population groups in this ESU,


including 31 historical populations, seven of which are extirpated or nearly so (NMFS


2008a).  Of the 31 populations in the ESU, 27 are considered to be at "high" or "very

high" for risk of extinction, while only one is considered to be at "low" risk of extinction


(NMFS 2008b).


Historically, this ESU has been managed for harvest, and conservation has not been a

high priority.  With the recent listing of these populations under the ESA, conservation


has been elevated to a higher management priority and will require changes in hatcheries,


harvest and habitat actions to be successful.  Delisting criteria have not been established,


but the Draft Recovery Plan suggests recovery will require that at least two populations in


each of the life history strata and each of the three geographical strata (Coast, Cascade,

and Gorge ecological zones) have a high probability of persistence.  Representative


populations need to be preserved, but not every historical population needs to be restored.

Those selected for restoration should include “core” populations that are highly


productive “legacy” populations that represent historical genetic diversity, and dispersed


populations that minimize susceptibility to catastrophic events.


The Lower Columbia River Salmon Recovery Plan provides an example of a recovery

scenario that categorizes individual populations in terms of three levels of contribution to


recovery: Primary; Contributing; and Stabilizing (LCFRB 2004).  Primary populations


would be restored to high or high+ viability.  Contributing populations would be restored


to medium viability, and stabilizing populations would be maintained at current levels


(i.e., likely low viability).  In this recovery scenario, 14 populations are designated as

Primary populations, 5 populations as Contributing populations, and the remaining 12
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populations are designated as Stabilizing (Table 1).  Currently, five populations meet the


HSRG guidelines for a Primary designation and 26 meet Stabilizing guidelines.


Table 1. Population designations for the Lower Columbia River Chinook ESU and HSRG

broodstock criteria achieved for each population under current conditions and the

HSRG recommended hatchery management solution.


Population Designation1 

HSRG Criteria Met2

Current HSRG Solution


Columbia Estuary_Clatskanie Fall Chinook Primary Stabilizing Contributing


Cowlitz_Coweeman  Fall Chinook Primary Primary Primary


Cowlitz_Upper Cowlitz Spring Chinook Primary Stabilizing Primary


Elochoman Fall Chinook Primary Stabilizing Primary


Grays Fall Chinook  Primary Stabilizing Primary


Hood Spring Chinook  Primary Stabilizing Contributing


Kalama Fall Chinook  Primary Stabilizing Stabilizing

Kalama Spring Chinook Primary Stabilizing Stabilizing

Lewis_East Fork Lewis Fall Chinook (Tule) Primary Stabilizing Primary


Lewis_North Fork Lewis Fall Chinook (Lower River Brights) Primary Primary Primary


Lewis_NF Lewis Spring Chinook Primary Stabilizing Stabilizing

Sandy Fall Chinook (Late) Primary Primary Primary


Sandy Spring Chinook Primary Primary Primary


Washougal Fall Chinook Primary Stabilizing Primary


Columbia Estuary_Mill-Abernathy-Germany Fall Chinook  Contributing Stabilizing Stabilizing

Cowlitz_Lower Cowlitz Fall Chinook Contributing Stabilizing Primary


White Salmon Fall Chinook (Tule) Contributing Stabilizing Stabilizing

White Salmon Spring Chinook Contributing Stabilizing Stabilizing

Willamette_Clackamas Fall Chinook Contributing Stabilizing Stabilizing

Columbia Estuary_Big Creek Fall Chinook (Tule) Stabilizing Stabilizing Stabilizing

Columbia Estuary_Chinook River Fall Chinook Stabilizing Stabilizing Stabilizing

Columbia Estuary_Scapoose Fall Chinook Stabilizing Stabilizing Stabilizing

Columbia Estuary_Youngs Bay Tribs Fall Chinook Stabilizing Stabilizing Stabilizing

Columbia Gorge_Tributaries Fall Chinook (Tule- Oregon) Stabilizing Stabilizing Stabilizing

Cowlitz_Toutle Fall Chinook Stabilizing Stabilizing Primary


Hood Fall Chinook Stabilizing Stabilizing Stabilizing

Little White Salmon Fall Chinook (Tule) Stabilizing Stabilizing Stabilizing

Lower Columbia_LC Tribs Fall Chinook (Tule-Oregon) Stabilizing Stabilizing Stabilizing

Sandy Fall Chinook (Early) Stabilizing Primary Primary


Wind Fall Chinook (Tule) Stabilizing Stabilizing Stabilizing

Wind Spring Chinook Stabilizing Stabilizing Stabilizing
1 Using the naming protocol of the Lower Columbia River Salmon Recovery Plan (LCFRB 2004), populations were classified based on

information provided to the HSRG as Primary, Contributing, or Stabilizing.  These designations are meant to reflect the conservation

importance of a population within the ESU from most important (Primary- bold, red), to moderately important (Contributing-bold, blue), to
least important (Stabilizing). 

2 The HSRG developed criteria for hatchery influence for the three population designations from low influence (Primary), moderate influence

(Contributing) to high influence (Stabilizing).  

30272

3-SER-708

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 108 of 300
(712 of 992)



Columbia River Hatchery Reform Project  Page 32

Final Systemwide Report - Part 3.1 Chinook ESUs

Current Harvest

Lower Columbia River Chinook are harvested in non-selective ocean fisheries throughout

their migratory range from Alaska to Oregon.  In-river fisheries for fall Chinook have


been non-selective, while fisheries for spring Chinook have been partially selective.


Harvest rates vary substantially in location and exploitation rate by Chinook run-type


(i.e., fall, late-fall, or spring-run).  Prior to the early 1990s, the total exploitation rates

averaged 69%, 56%, and 50% for fall, late-fall, and spring-run Chinook, respectively.


More recently, the total exploitation rate has averaged 49%, 38%, and 27% for fall, late-
fall, and spring-run Chinook respectively (NMFS 2008a).


Current Habitat

NMFS identified degraded estuarine and nearshore habitat, floodplain connectivity and

function, channel structure and complexity, riparian areas and large woody debris


recruitment, stream substrate, stream flow and fish passage as the major habitat factors


limiting the recovery of this ESU (NMFS 2008a).  Freshwater habitat is in poor condition


in many subbasins because of forest practices, urbanization, and agriculture (Myers et al.

1998).  In addition, dams constructed on the large lower Columbia tributaries have


eliminated access to a substantial portion of spring-run Chinook salmon spawning


habitat, with a lesser impact on fall-run Chinook salmon habitat (Myers et al. 1998).

However, as part of FERC hydropower relicensing, Chinook are currently being


reintroduced above several major dams, such as in the Cowlitz and Lewis river subbasins.


Current Hatchery Programs

Nineteen hatchery programs operate in this ESU, releasing approximately 53.8 million


spring and fall Chinook.  Most of the programs are in tributaries of the ESU, but several

net-pen programs for harvest are located off-channel in the Columbia River.  Nine spring


Chinook programs release approximately 6.9 million fish, and ten fall Chinook programs


release approximately 46.9 million fish (Table 2).  The original purpose of most


programs in the lower Columbia River was to increase harvest; however, restoration of

natural populations has recently been elevated as a priority and most programs are now

inconsistent with stated conservation objectives.


The HSRG and others have concluded that a major concern with these programs is the


effect hatchery strays have on the long-term fitness of naturally spawning populations.


Currently in the lower Columbia, hatchery fish dominate natural Chinook escapement.  In


most populations, over 50% of the fish effectively spawning in the wild are hatchery fish


(pHOS).  Hatchery contribution to natural spawning is generally not as high in the 17

populations that do not receive direct hatchery releases; however, many of these are small

populations, so straying from programs in other watersheds or net-pens still constitutes a


significant impact.  Although programs provide significant harvest benefits, and in some


cases, help preserve genetic resources in the ESU, there are many poorly segregated and


poorly integrated programs.
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Long-term domestication of hatchery fish has reduced the productivity of some wild

stocks in areas where significant numbers of hatchery fish spawn.  This effect is greatest

on fall Chinook populations.  For spring Chinook, the majority of the habitat in


Washington was affected by tributary dams and virtually all production in the


Washington portion of the lower Columbia River is of hatchery origin.  The Cowlitz and


Lewis river populations would be extirpated if not for the hatchery programs (NMFS


2008a).  In Oregon’s portion of the ESU, a natural population exists in the Sandy River

and an extirpated population existed in the Hood River.  Reintroduction efforts using

hatchery-origin fish are occurring in the Cowlitz, Lewis, and Hood rivers.


Estimates of PNI and pHOS under current conditions show that only five populations in


the ESU meet the HSRG criteria for a Primary designation: (1) Coweeman River fall

Chinook; (2) North Fork Lewis lower river bright fall Chinook; (3) Sandy River spring


Chinook; (4) Sandy River early fall Chinook; and (5) Sandy River late fall Chinook.  The
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remaining Primary and Contributing populations only meet the broodstock criteria for


Stabilizing populations (Table 1).


Table 2. Hatchery releases and types of programs for Lower Columbia River Chinook ESU.

Population/Program Name 

Current (1,000s) HSRG Solution (1,000s)


Type Purpose # Released Type Purpose 
#


Released

Columbia Estuary_ Big Creek Fall Chinook (Tules-
Hatchery)


Seg Harv 5,826.6 Seg Harv 5,826.6


Columbia Estuary_Big Creek Fall Chinook (Tules) None NA - None NA -

Columbia Estuary_Chinook River Fall Chinook None NA - None NA -

Columbia Estuary_Clatskanie Fall Chinook None NA - None NA -

Columbia Estuary_Deep River Spring Chinook (Cowlitz-
Merwin-Grays-Hatchery)

Seg Harv 362.3 Seg Harv 362.3


Columbia Estuary_Mill-Aber-Germ Fall Chinook Non NA - None NA -

Columbia Estuary_Mill-Aber-Germ Fall Chinook (HSRG

Hatchery)


Seg Harv - Seg Harv 1,023.8


Columbia Estuary_Scapoose Fall Chinook None NA - None NA -

Columbia Estuary_Youngs Bay Fall Chinook (Rogue

Brights CEDC SAFE-Hatchery)


Seg Harv 1,174.1 Seg Harv 3,342.9


Columbia Estuary_Youngs Bay Spring Chinook (CEDC

SAFE-Willamette-Hatchery)


Seg Harv 850.1 Seg Harv 850.1


Columbia Estuary_Youngs Bay Tribs Fall Chinook None NA - None NA -

Columbia Gorge_Spring Creek Fall Chinook (Tules-
Hatchery)


Seg Harv 15,044.9 Seg Harv 15,044.9


Columbia Gorge_Tributaries Fall Chinook (Tules-
Oregon)


None NA - None NA -

Cowlitz_Coweeman Fall Chinook None NA - None NA -

Cowlitz_Lower Cowlitz Fall Chinook Int Harv 4,807.4 Int Harv 4,370.4


Cowlitz_Toutle Fall Chinook None NA - Int Harv 1,561.4


Cowlitz_Toutle Fall Chinook (Hatchery) Seg Harv 2,500.4 Seg NA -

Cowlitz_Upper Cowlitz Spring Chinook Int NA 1,263.6 Int NA -

Cowlitz_Upper Cowlitz Spring Chinook (HSRG

Hatchery)


Seg Harv - Seg Harv 1,263.6


Elochoman Fall Chinook Int Harv 2,072.1 Int Cons 188.4


Grays Fall Chinook None NA - Int Cons 94.2


Hood Fall Chinook None NA - None NA -

Hood Spring Chinook Seg Cons 125.9 Int Cons 147.0


Kalama Fall Chinook None NA - Int NA -

Kalama Fall Chinook (Hatchery) Seg Harv 5,040.0 Seg Harv 5,040.0


Kalama Spring Chinook Int Harv 501.3 None NA -

Kalama Spring Chinook (HSRG Hatchery) Seg Harv - Seg Harv 501.3


Lewis_EF Lewis Fall Chinook (Tule) None NA - None NA -

Lewis_NF Lewis Fall Chinook (Lower River Brights) None NA - None NA -

Lewis_NF Lewis Spring Chinook None Both - Int Both -

Lewis_NF Lewis Spring Chinook (Hatchery) Seg Harv 1,351.4 Seg Harv 1,188.0


Little White Salmon Fall Chinook (Tule) None None - None NA -
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Population/Program Name 

Current (1,000s) HSRG Solution (1,000s)


Type Purpose # Released Type Purpose 
#


Released


Little White Salmon Fall Chinook (URB-Hatchery) Seg Harv 2,007.2 Seg Harv 2,007.2


Little White Salmon Spring Chinook (Hatchery) Seg Harv 1,005.2 Seg Harv 1.005.2


Lower Columbia_Bonneville Fall Chinook (Hatchery) Seg Harv 4,493.1 Seg Harv 4,493.1


Lower Columbia_LC Tribs Fall Chinook (Tules-Oregon) None NA - None NA -

Sandy Fall Chinook (Early) None NA - None NA -

Sandy Fall Chinook (Late) None NA - None NA -

Sandy Spring Chinook Int Harv 300.5 Int Harv 300.7


Washougal Fall Chinook Int NA - Int Harv 1,123.2


Washougal Fall Chinook (HSRG-Hatchery) Seg Harv 4,002.6 Seg Harv 919.0


White Salmon Fall Chinook (Tule) None NA - None NA -

White Salmon Spring Chinook None NA - None NA -

Willamette_Clackamas Fall Chinook None NA - None NA -

Wind Fall Chinook (Tule) None NA - None NA -

Wind Spring Chinook None NA - None NA -

Wind Spring Chinook (Hatchery) Seg Harv 1,145.0 Seg Harv 1,404.4


Total all Populations/Programs   53,873.6   52,057.4


3.1.1.3 HSRG Solutions

Conservation Outcomes

Under the HSRG solution, 12 populations would meet the criteria for a Primary


designation and two meet Contributing criteria; however, some individual population


solutions diverged from the goals for the 14 Primary and 5 Contributing populations

identified in Table 1.  Two primary factors differentiate the HSRG solution from the

identified goals.  First, the habitat capacity and productivity of some populations


appeared inconsistent with designated goals (examples being the Kalama fall and spring


Chinook populations).  For some of these situations, the HSRG recommends that


managers consider changing the designation goal to better align with habitat potential.


Second, designations for some populations assume successful reintroduction above dams

that have blocked habitat for decades, although the introduction programs have not yet

started (examples being North Fork Lewis River spring Chinook and White River spring


Chinook).  In the populations planned for future reintroduction, there was no information


on which to base an assessment.


Figure 1 compares the proportion of hatchery-origin fish on the spawning grounds


(pHOS) and the proportionate natural influence (PNI) for current and proposed (HSRG)

scenarios for Primary populations as designated under the recovery plan.  Under current


conditions, only four populations designated as Primary in the recovery plan meet the


hatchery influence criteria for this designation.  One population (Sandy early fall


Chinook) designated as Stabilizing in the recovery plan currently also meets the hatchery

influence criteria for a Primary population.
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Figure 1 also compares the proportion of hatchery-origin fish on the spawning grounds


(pHOS) and the proportionate natural influence (PNI) for current and proposed (HSRG)

scenarios for populations designated by the recovery plan as Contributing populations.

Under current conditions, none of the five populations meet the hatchery influence


criteria for this designation.  Under the HSRG solution, one of these populations (Lower


Cowlitz fall Chinook) improves in terms of hatchery influence to meet the criteria for a


Primary population.  The solution does not improve the hatchery influence for the


remaining four Contributing populations and they remain Stabilizing populations.


Figure 2 compares the relationship of spawner abundance and productivity between

current and HSRG-proposed scenarios for the Primary and Contributing Chinook


populations in the Lower Columbia Chinook ESU.  For Primary populations, productivity


increases significantly in eight of the populations, with an average increase of

approximately 74%.  In six of the populations, productivity under the HSRG solution is


nearly double or more than current levels.  For Contributing populations, productivity

increases significantly in four of the populations, with an average increase of


approximately 65%.  In two populations, productivity under the HSRG solution more


than doubles current levels.


For Primary populations, the number of natural-origin spawners under the HSRG solution


increases in ten of the populations by an average of about 25% above the current

condition.  For Contributing populations, the number of natural-origin spawners under


the HSRG solution increases in three of the populations an average of more than 100%

above the current condition.  For the combined Primary and Contributing populations


across the ESU, the HSRG solution has the potential to increase natural-origin spawning


by nearly 8,000 fish.


Harvest Outcomes under the HSRG Solutions

Figure 3 displays current and estimated changes in harvest (marine, mainstem Columbia


River and terminal areas) that could occur following implementation of the management


solutions proposed by the HSRG.


Compared to the current condition, the total harvest in ocean, mainstem Columbia River,


and terminal areas is relatively unchanged under the HSRG solution.  Distribution in


fisheries did change, with an approximately 20% reduction in ocean catch, an 80%


increase in mainstem catch, and a 60% increase in terminal area catch.  For terminal and


mainstem harvest areas, the increased harvest depicted in Figure 3 primarily resulted

from shifting some hatchery production to Select Area Fishery locations with higher adult

survival and by implementing selective fisheries.


Hatchery Program Changes under the HSRG Solutions

In this ESU, the HSRG made multiple recommendations to improve the contribution of


hatchery programs to both harvest and conservation.  In the case of segregated programs,

recommendations are made to improve the ability to control hatchery fish on the


spawning grounds so that harvest benefits can be maintained while improving natural-

origin spawning abundance and productivity.  These recommendations include installing


weirs in specific drainages where straying limits the ability to meet conservation goals.

Recommendations are also made to move production from some tributaries into larger
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segregated harvest programs in Select Area Fishery Evaluation areas, where excess


hatchery fish can be removed by applying higher harvest rates.  In several cases, reducing

the reliance on imported out-of-basin broodstock or rearing is recommended to improve

homing and increase productivity.


For integrated programs, the HSRG recommendations generally increase the proportion

of natural-origin fish used in hatchery broodstock and control the contribution of


hatchery-origin fish to natural spawning areas.  This improves natural-origin spawning


abundance and productivity.  In some cases, meeting the criteria for the population


designation requires reducing program size.  In two locations (Elochoman River and

Grays River), the HSRG recommended that the Elochoman and Grays rivers either


convert from a large segregated harvest program to a smaller conservation program, or


initiate a conservation program for a Primary population.  More emphasis on monitoring

and evaluation programs to accurately estimate straying is also recommended.


In the HSRG solution, total hatchery production in the ESU is reduced from 53.8 million

spring and fall Chinook to 52 million fish, a reduction of approximately 3%.  Spring

Chinook releases increase slightly from 6.9 million to 7.0 million fish.  Fall Chinook


releases are reduced from approximately 46.9 million to 45 million fish, a reduction of


approximately 4%.


In order to maintain harvest benefits while achieving population conservation goals, the

HSRG recommends harvest changes in marine, mainstem Columbia River and terminal


areas.  These changes should be implemented along with hatchery program changes.  The


HSRG also suggests managers consider changing some recovery scenario population


designations in the lower Columbia Chinook ESU that appear to be inconsistent with


available habitat information and population potential.  The HSRG offers alternative

conservation designations for the managers to consider.


The HSRG evaluated how harvest changes could improve population viability and


productivity while maintaining or improving harvest.  For its solution, the HSRG

recommends increasing selective harvest in Washington and Oregon marine waters and


the mainstem Columbia River below Bonneville Dam.  Specifically for fall Chinook, we


assume a 20% marine non-selective harvest rate in Canadian and Alaskan waters and a

20% selective harvest rate on hatchery fish in Washington and Oregon marine waters (2:1


selective differential).  In the mainstem Columbia River, the HSRG assumed a 20%


selective harvest rate on hatchery fish and a 5:1 selective differential. For terminal

harvest rates, the HSRG generally used harvest rates supplied by the managers.


In addition, the HSRG recommends that managers either adopt or continue an ESU-wide


strategy for control of bacterial kidney disease.
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Figure 1.  Relationship of the proportion of the fish on the spawning grounds that are of hatchery
origin (pHOS) and the proportionate natural influence index (PNI) for Primary (top panel) and
Contributing (bottom panel) Chinook populations in the Lower Columbia River ESU.  Solid
diamonds represent values for current programs and open triangles represent values for the HSRG

recommended hatchery management solution.
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Figure 2.  Productivity and spawner abundance for Primary (top panel) and Contributing (bottom
panel) Chinook populations in the Lower Columbia River ESU.  Solid diamonds represent existing
productivity and spawner abundance levels, and triangles represent the HSRG recommended
hatchery management solution.  Lines connect current with HSRG solution for a particular
population. 

Note: Figure 2 does not include Lewis River or Clatskanie populations. 
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Figure 3.  Estimated marine, mainstem Columbia, and terminal harvest under current and HSRG
recommended hatchery management solution for Lower Columbia River Chinook ESU.

3.1.1.4 Summary and Conclusions


In order to be consistent with their conservation goals, managers need to implement both


hatchery and harvest reforms.  Implementing these reforms in the Lower Columbia


Chinook ESU increases productivity and abundance of natural populations and can

maintain harvest at current levels.


Aligning hatchery programs with conservation goals will require implementing effective


integrated or segregated hatchery broodstock protocols to achieve the standards described

by the HSRG.  For segregated programs, the number of hatchery-origin fish spawning


naturally will need to be limited.  In some cases, this will require nearly total exclusion of


hatchery fish from natural populations through use of weirs or a combination of weirs and

selective harvest.  For integrated programs, this requires including the appropriate


number of natural-origin fish in hatchery broodstock as well as controlling the


contribution of hatchery fish to natural spawning areas.  Hatchery infrastructure


modifications will be needed to accomplish this.


Increased selective fisheries will be necessary in marine, terminal and mainstem areas to


maintain current harvest numbers.  Achieving these harvest benefits will also require

developing harvest methods and gear for commercial freshwater fisheries to enable

selective removal of hatchery fish with low mortality to natural fish.  Maintaining harvest


levels in this ESU also requires increasing the availability and harvest of fish where they


are spatially and temporally segregated from natural populations (i.e., Select Area Fishery


sites).  Without increases in selective fisheries, solutions to meet conservation goals will

require reduced hatchery production and catch.


The HSRG also concludes that (a) hatchery and harvest reforms alone will not achieve


recovery of listed populations (habitat improvements are also necessary), and (b) the
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effectiveness of habitat actions will be greatly increased if they are combined with


hatchery and harvest reforms.  Under the HSRG assumptions, analysis of the Primary

populations in the Lower Columbia Chinook ESU suggests that the benefits of habitat

quality improvements would more than double if combined with hatchery reforms.


Unless hatchery and harvest reforms are implemented, the potential benefits of current or


improved habitat cannot be fully realized.


3.1.2 Upper Willamette River Chinook Salmon ESU
This section provides an overview of the Upper Willamette River Chinook Salmon ESU.

It contains a general description of the ESU, fisheries, habitat limitations and hatchery

programs that affect it.  Overall recommendations for ESU-wide hatchery program


changes are summarized, as are the effects of implementing those changes on


conservation and harvest goals.  Detailed conclusions and recommendations for each


population in the ESU can be found in the Appendix E.  In this overview, a population is


included that is not considered part of an ESU (Upper Willamette fall Chinook).


3.1.2.1 HSRG Population Guidelines


In order to meet conservations goals for the ESU, numerous threats to these populations


need to be addressed, including risks from hatchery programs.  The key to controlling

genetic and ecological risks due to straying and fitness loss is to manage hatchery

broodstock and natural spawning escapement such that the natural habitat (and not the


hatchery environment) drives the adaptation and productivity of the naturally spawning


population.  This is achieved by operating either (a) integrated programs where the


proportion of natural-origin adults in the broodstock (pNOB) exceeds the proportion of


hatchery-origin fish on the spawning grounds (pHOS); or (b) segregated programs where

the contribution of hatchery fish to natural spawning is kept low (pHOS <5% to <10%

depending on the population designation).  The HSRG developed criteria for hatchery


influence for three population types based on the importance of the population to the


recovery of the ESU.  This was done to provide a consistent method of reviewing


populations and programs across the Columbia River Basin.  The population designations

used by the HSRG (Primary, Contributing, or Stabilizing) were adopted after discussions


with managers and followed those developed in the Lower Columbia River Salmon


Recovery Plan (LCFRB 2004).  These designations are meant to reflect the conservation

importance of a population within the ESU from most important (Primary), to moderately


important (Contributing), to least important (Stabilizing).  HSRG recommendations show


how hatchery programs can be operated consistent with these designations based on the

following standards:


HSRG criteria for hatchery influence on Primary populations

• The proportion of effective hatchery-origin spawners (pHOS) should be less than 5%

of the naturally spawning population, unless the hatchery population is integrated


with the natural population.


• For integrated populations, the proportion of natural-origin adults in the broodstock


should exceed pHOS by at least a factor of two, corresponding to a PNI


(proportionate natural influence) value of 0.67 or greater and pHOS should be less


than 0.30.
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5-YEAR REVIEW
Southern Resident killer whales/Orcinus orca

EXECUTIVE SUMMARY


The Southern Resident killer whale Distinct Population Segment (DPS) was listed as endangered
under the Endangered Species Act (ESA) in 2005. In the listing, the National Marine Fisheries
Service (NMFS) identified three main threats to their survival: 1) scarcity of prey, 2) high levels
of contaminants from pollution, and 3) disturbance from vessels and sound. As of 1 July 2016
after the summer census, there were only 83 individuals left in the population (CWR 2016).
Their small population size and social structure also puts them at risk for a catastrophic event,
such as an oil spill, that could impact the entire population. Updates regarding research and
management actions for the primary threats (prey, pollution and vessels) are included below and
in discussions of whether the recovery criteria related to each of the threats have been met.  This
review fulfills our requirement under section 4(c)(2) of the ESA to conduct, at least once every
five years, a review of listed species to ensure that the listing of these species remains accurate.

Although the population of these whales, also known as orcas, has been studied for more than 40
years, we are not certain which threat is the most important to address in order to ensure
recovery. The Recovery Plan therefore addresses each of the threats based on the best available
science. NMFS has linked the management actions in the Recovery Plan to research and

monitoring actions to gather information to inform prioritization, refine recovery actions, and

identify new actions as needed.

To inform recovery, there is an active research program underway to gather more information
about the biology of the whales, habitat use and distribution, how the different threats are
impacting the whales, and to monitor the population status. The Northwest Fisheries Science
Center (NWFSC) developed a research plan (NMFS 2006) that informed the monitoring and
research actions in the Recovery Plan. The NWFSC conducts research on the whales, partners
with a variety of academic and non-profit research groups, coordinates with Canadian
researchers, and provides information on research to the public. All of these efforts implement
actions in the Recovery Plan.

A variety of partners have been engaged in implementing research and conservation efforts for
Southern Resident killer whales for over a decade.  In 2014, NMFS compiled a 10-year review of
the research and conservation efforts to support recovery of the Sothern Resident killer whales.
The report summarizes major research findings, management activities, and remaining
knowledge gaps, and discusses the threats currently faced by Southern Residents as well as
actions to be taken to address them. This 5-year review identifies a number of the actions
presented in the 10-year review as well as new steps that have been implemented since that
review was completed.  The 10-year report can be found at www.westcoastfisheries.noaa.gov. 

In 2016, NMFS launched a Species in the Spotlight program, identifying eight species that are
among the most at risk of extinction and initiating an agency-wide effort to spotlight and save
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these highly at-risk species.  Southern Residents are one of the Species in the Spotlight and we
have developed an action plan to highlight a subset of actions from the recovery plan for action
over the next 5 years.  The Species in the Spotlight focus has helped us support existing
partnerships and foster new collaborations to further recovery.  High priority actions for 2016-
2020 are outlined in the 2016 Species in the Spotlight 5-Year Action Plan discussed in Section
1.3.5 of this review.

Despite the implementation efforts over the long term and in the last 5 years, the population has
not grown.  This review provides an update on the status of the Southern Residents and our
progress toward meeting the recovery criteria identified in the recovery plan. While some of the
biological downlisting and delisting criteria have been met, the overall status of the population is
not consistent with a healthy, recovered population. Considering the status and continuing

threats, the Southern Resident killer whales remain in danger of extinction. Therefore, the
recommended classification in this 5-year review is for Southern Resident killer whales to
remain the same: Endangered.
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1 ∙ General Information

1.1 Introduction

Many West Coast salmon and steelhead (Oncorhynchus sp.) stocks have declined substantially


from their historic numbers and now are at a fraction of their historical abundance. There are


several factors that contribute to these declines, including: overfishing, loss of freshwater and


estuarine habitat, hydropower development, poor ocean conditions, and hatchery practices. These


factors collectively led to the National Marine Fisheries Service’s (NMFS) listing of 28 salmon


and steelhead stocks in California, Idaho, Oregon, and Washington under the Federal

Endangered Species Act (ESA). 

The ESA, under section 4(c)(2), directs the Secretary of Commerce to review the listing


classification of threatened and endangered species at least once every five years. After


completing this review, the Secretary must determine if any species should be: (1) removed from

the list; (2) have its status changed from threatened to endangered; or (3) have its status changed


from endangered to threatened. The most recent listing determinations for most salmon and


steelhead occurred in 2005 and 2006. This document describes the results of the agency’s five-

year status review for ESA-listed lower Columbia River salmon and steelhead species.  These


include: Lower Columbia River Chinook salmon, Columbia River chum salmon, Lower


Columbia River coho salmon, and Lower Columbia River steelhead.


1.1.1 Background on listing determinations

The ESA defines species to include subspecies and distinct population segments (DPS) of


vertebrate species.  A species may be listed as threatened or endangered.  To identify distinct

population segments of salmon species we apply the “Policy on Applying the Definition of


Species under the ESA to Pacific Salmon” (56 FR 58612). Under this policy we identify


population groups that are “evolutionarily significant units” (ESU) within their species. We


consider a group of populations to be an ESU if it is substantially reproductively isolated from

other populations, and represents an important component in the evolutionary legacy of the


biological species. We consider an ESU as constituting a DPS and therefore a “species” under


the ESA.


To identify DPSs of steelhead, we apply the joint U.S. Fish and Wildlife Service-National

Marine Fisheries Service DPS policy (61 FR 4722) rather than the ESU policy. Under this

policy, a DPS of steelhead must be discrete from other populations, and it must be significant to


its taxon.


Artificial propagation programs (hatcheries) are common throughout the range of ESA-listed


West Coast salmon and steelhead.  Prior to 2005, our policy was to include in the listed ESU or


DPS only those hatchery fish deemed “essential for conservation” of the species. We revised that

approach in response to a court decision and on June 28, 2005, announced a final policy


15891

3-SER-733

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 133 of 300
(737 of 992)



5-Year Review: Lower Columbia River 

NOAA Fisheries

2


addressing the role of artificially propagated Pacific salmon and steelhead in listing


determinations under the ESA (70 FR 37204) (hatchery listing policy). This policy establishes

criteria for including hatchery stocks in ESUs and DPSs.  In addition, it (1) provides direction for


considering hatchery fish in extinction risk assessments of ESUs and DPSs; (2) requires that

hatchery fish determined to be part of an ESU or DPS be included in any listing of the ESU or


DPS; (3) affirms our commitment to conserving natural salmon and steelhead populations and


the ecosystems upon which they depend; and (4) affirms our commitment to fulfilling trust and


treaty obligations with regard to the harvest of some Pacific salmon and steelhead populations,


consistent with the conservation and recovery of listed salmon ESUs and steelhead DPSs.


To determine whether a hatchery program is part of an ESU or DPS, and therefore must be


included in the listing, we consider the origins of the hatchery stock, where the hatchery fish are


released, and the extent to which the hatchery stock has diverged genetically from the donor


stock. We include within the ESU or DPS (and therefore within the listing) hatchery fish that are


no more than moderately diverged from the local population.


Because the new hatchery listing policy changed the way we considered hatchery fish in ESA


listing determinations, we completed new status reviews and ESA listing determinations for


West Coast salmon ESUs on June 28, 2005 (70 FR 37160), and for steelhead DPSs on January 5,


2006 (71 FR 834). On August 15, 2011, we published our status reviews and listing


determinations for 11 ESUs of Pacific salmon and 6 DPSs of steelhead from the Pacific


Northwest (76 FR 50448).


1.2 Methodology used to complete the review


On February 6, 2015, we announced the initiation of five year reviews for 17 ESUs of salmon


and 11 DPSs of steelhead in Oregon, California, Idaho, and Washington (80 FR 6695). We


requested that the public submit new information on these species that has become available


since our original listing determinations or since the species’ status was last updated. In response


to our request, we received information from Federal and state agencies, Native American


Tribes, conservation groups, fishing groups, and individuals. We considered this information, as

well as information routinely collected by our agency, to complete these five year reviews.


To complete the reviews, we first asked scientists from our Northwest and Southwest Centers to


collect and analyze new information about ESU and DPS viability. To evaluate viability, our


scientists used the Viable Salmonid Population (VSP) concept developed by McElhany et al.


(2000).  The VSP concept evaluates four criteria – abundance, productivity, spatial structure, and


diversity – to assess species viability. Through the application of this concept, the science center


considered new information for a given ESU or DPS relative to the four salmon and steelhead


population viability criteria. They also considered new information on ESU and DPS

composition. At the end of this process, the science team prepared reports detailing the results of


their analyses (NWFSC 2015).
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To further inform the reviews, we also asked salmon management biologists from our West

Coast Region familiar with hatchery programs to consider new information available since the


previous listing determinations.  Among other things, they considered whether any hatchery


programs have ended or new hatchery programs have started, any changes in the operation of


existing programs, and scientific data relevant to the degree of divergence of hatchery fish from

naturally spawning fish in the same area.  They produced a report (Jones 2015) describing their


findings.  Finally, we consulted salmon management biologists from the West Coast Region who


are familiar with hatchery programs, habitat conditions, hydropower operations, and harvest

management.  In a series of structured meetings, by geographic area, these biologists identified


relevant information and provided their insights on the degree to which circumstances have


changed for each listed entity. 

In preparing this report, we considered the best available scientific information, including the


work of the Northwest Fisheries Science Center (NWFSC 2015); the report of the regional

biologists regarding hatchery programs (Jones 2015); recovery plans for the species in question;

technical reports prepared in support of recovery plans for the species in question; the listing


record (including designation of critical habitat and adoption of protective regulations); recent

biological opinions issued for lower Columbia River salmon and steelhead; information


submitted by the public and other government agencies; and the information and views provided


by the geographically based management teams.  The present report describes the agency’s

findings based on all of the information considered.


1.3 Background – Summary of Previous Reviews, Statutory and Regulatory
Actions, and Recovery Planning


1.3.1 Federal Register Notice announcing initiation of this review


80 FR 6695; February 6, 2015


1.3.2 Listing history


Beginning in 1998, NMFS began listing salmonid species in the lower Columbia River under the


ESA. Over the next several years, four species of salmonids in this area were listed as threatened


(Table 1).


Table 1.  Summary of the listing history under the Endangered Species Act for ESUs and DPS in the lower

Columbia River.

Salmonid
Species

ESU/DPS Name Original Listing Revised Listing(s)

Chinook

Salmon

(O. tshawytscha)

Lower Columbia 
River Chinook
Salmon


FR Notice: 64 FR 14308


Date: 3/24/1999


Classification: Threatened


FR Notice: 70 FR 37160


Date: 6/28/2005


Re-classification: Threatened
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Salmonid
Species

ESU/DPS Name Original Listing Revised Listing(s)

Chum Salmon

(O. keta)
Columbia River 
Chum Salmon


FR Notice: 64 FR 14508


Date: 3/25/1999


Classification: Threatened

FR Notice: 70 FR 37160


Date: 6/28/2005


Re-classification: Threatened

Coho Salmon

(O. kisutch)

Lower Columbia

River Coho
Salmon


FR Notice: 70 FR 37160


Date: 6/28/2005 

Classification: Threatened

NA

Steelhead

(O. mykiss)
Lower Columbia 
River Steelhead


FR Notice: 63 FR 13347


Date: 3/19/1998


Classification: Threatened

FR Notice: 71 FR 834 

Date: 1/5/2006 

Re-classification: Threatened

1.3.3 Associated rulemakings

The ESA requires NMFS to designate critical habitat, to the maximum extent prudent and


determinable, for species it lists under the ESA. Critical habitat is defined as: (1) specific areas

within the geographical area occupied by the species at the time of listing, if they contain


physical or biological features essential to conservation, and those features may require special

management considerations or protection; and (2) specific areas outside the geographical area


occupied by the species at the time of listing if the agency determines that the area itself is

essential for conservation. We designated critical habitat for Lower Columbia River (LCR)


Chinook salmon, Columbia River (CR) chum salmon, and LCR steelhead in 2005, and we


designated critical habitat for LCR coho salmon in 2016 (Table 2).  Section 9 of the ESA


prohibits the take of species listed as endangered.  The ESA defines take to mean harass, harm,


pursue, hunt, shoot, wound, trap, capture, or collect, or attempt to engage in any such conduct. 

For threatened species, the ESA does not automatically prohibit take, but instead authorizes the


agency to adopt regulations it deems necessary and advisable for species conservation including


regulations that prohibit take (ESA section 4(d)).  In 2000, NMFS adopted 4(d) regulations for


threatened salmonids that prohibit take except in specific circumstances. In 2005, we revised our


4(d) regulations for consistency between ESUs and DPSs, and, to take into account our hatchery


listing policy.
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Table 2.  Summary of rulemaking for 4(d) protective regulations and critical habitat for ESUs and DPS in the

lower Columbia River.

Salmonid 
Species 

ESU Name 4(d) Protective 
Regulations 

Critical Habitat
Designations

Chinook Salmon 
(O. tshawytscha) 

Lower Columbia River
Chinook Salmon 

FR notice: 65 FR 42422

Date:  7/10/2000 

Revised:  6/28/2005 

(70 FR 37160)

FR Notice: 70 FR 52630


Date: 9/2/2005


Chum Salmon 
(O. keta) 

Columbia River Chum
Salmon 

FR notice: 65 FR 42422 

Date:  7/10/2000 

Revised:  6/28/2005 

(70 FR 37160)

FR Notice: 70 FR 52630


Date: 9/2/2005

Coho Salmon
(O. kisutch)

Lower Columbia River
Coho Salmon


FR Notice: 70 FR 37160


Date: 6/28/2005

FR Notice: 81 FR 9252


Date: 2/24/2016

Steelhead
(O. mykiss)

Lower Columbia River
Steelhead 

FR notice: 65 FR 42422 

Date:  7/10/2000 

Revised:  6/28/2005 

(70 FR 37160)

FR notice: 70 FR 52630


Date: 9/2/2005

1.3.4 Review History 

Table 3 lists the numerous scientific assessments of the status of lower Columbia River salmon


ESUs and steelhead DPS.  These assessments include status reviews conducted by our Northwest

Fisheries Science Center and technical reports prepared in support of recovery planning for this

species. 
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Table 3.  Summary of previous scientific assessments for the ESUs and DPS in the lower Columbia River.

Salmonid Species ESU Name Document Citation

Chinook Salmon 
(O. tshawytscha) 

Lower Columbia River 
Chinook Salmon 

NWFSC 2015

Ford et al. 2011

LCFRB 2010

ODFW 2010

McElhany et al. 2007 
Myers et al. 2006 
WLCTRT and ODFW 2006

Good et al. 2005 
Maher et al. 2005 
NMFS 2005

LCFRB 2004

WLCTRT 2004

WLCTRT 2003 
NMFS 1999b 
NMFS 1998b 
NMFS 1998c

Chum Salmon 
(O. keta) 

Columbia River Chum 
Salmon 

NWFSC 2015

Ford et al. 2011

LCFRB 2010

ODFW 2010

McElhany et al. 2007 
Myers et al. 2006 
WLCTRT and ODFW 2006

Good et al. 2005 
Maher et al. 2005 
NMFS 2005

LCFRB 2004

WLCTRT 2004

WLCTRT 2003 
NMFS 1999a 
NMFS 1999b 
NMFS 1997c

Coho Salmon 
(O. kisutch) 

Lower Columbia River 
Coho Salmon 

NWFSC 2015

Ford et al. 2011

LCFRB 2010

ODFW 2010

McElhany et al. 2007 
Myers et al. 2006 
WLCTRT and ODFW 2006

Good et al. 2005 
Maher et al. 2005 
NMFS 2005

LCFRB 2004

WLCTRT 2004

WLCTRT 2003 
NMFS 1996b 
Weitkamp et al. 1995

Johnson et al. 1991
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Salmonid Species ESU Name Document Citation

Steelhead
(O. mykiss)

Lower Columbia River
Steelhead


NWFSC 2015

Ford et al. 2011

LCFRB 2010

ODFW 2010

McElhany et al. 2007 
Myers et al. 2006 
WLCTRT and ODFW 2006

Good et al. 2005 
Maher et al. 2005 
NMFS 2005

LCFRB 2004

WLCTRT 2004

WLCTRT 2003 
NMFS 1998a 
NMFS 1997a 
NMFS 1997b 
NMFS 1996a

1.3.5 Species’ Recovery Priority Number at Start of 5-year Review Process

On June 15, 1990, NMFS issued guidelines (55 FR 24296) for assigning listing and recovery


priorities. For recovery plan development, implementation, and resource allocation, we assess

three criteria to determine a species’ recovery priority number from 1 (high) to 12 (low): (1)


magnitude of threat; (2) recovery potential; and (3) conflict with development projects or other


economic activity (NMFS 2009). Table 4 lists the recovery priority numbers for the subject

species, as reported in NMFS 2015a.
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1.3.6 Recovery Plan or Outline 

Table 4.  Recovery Priority Number and Endangered Species Act Recovery Plans for the ESUs and DPS in


the lower Columbia River.

Salmonid 
Species 

ESU Name Recovery 
Priority

Number

Recovery Plans/Outline

Chinook Salmon
(O. tshawytscha)

Lower Columbia 
River Chinook
Salmon


9 

Title: ESA Recovery Plan for Lower
Columbia River Coho Salmon, Lower
Columbia River Chinook Salmon, Columbia

River Chum Salmon, and Lower Columbia

River Steelhead 

Available at:

http://www.westcoast.fisheries.noaa.gov/pub

lications/recovery_planning/salmon_steelhe

ad/domains/willamette_lowercol/lower_colu

mbia/final_plan_documents/final_lcr_plan_ju

ne_2013_-corrected.pdf

Date: July 12, 2013


Type: Final


FR Notice: 78 FR 41911

Chum Salmon 
(O. keta) 

Columbia River
Chum Salmon


9 

Title: ESA Recovery Plan for Lower
Columbia River Coho Salmon, Lower
Columbia River Chinook Salmon, Columbia

River Chum Salmon, and Lower Columbia

River Steelhead 

Available at:

http://www.westcoast.fisheries.noaa.gov/pub

lications/recovery_planning/salmon_steelhe

ad/domains/willamette_lowercol/lower_colu

mbia/final_plan_documents/final_lcr_plan_ju

ne_2013_-corrected.pdf

Date: July 12, 2013

Type: Final


FR Notice: 78 FR 41911
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http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
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Salmonid 
Species 

ESU Name Recovery

Priority

Number

Recovery Plans/Outline

Coho Salmon 
(O. kisutch) 

Lower Columbia

River  Coho Salmon


9 

Title: ESA Recovery Plan for Lower
Columbia River Coho Salmon, Lower
Columbia River Chinook Salmon, Columbia

River Chum Salmon, and Lower Columbia

River Steelhead 

Available at:

http://www.westcoast.fisheries.noaa.gov/pub

lications/recovery_planning/salmon_steelhe

ad/domains/willamette_lowercol/lower_colu

mbia/final_plan_documents/final_lcr_plan_ju

ne_2013_-corrected.pdf

Date: July 12, 2013


Type: Final


FR Notice: 78 FR 41911


Steelhead 
(O. mykiss) 

Lower Columbia

River Steelhead


9 

Title: ESA Recovery Plan for Lower
Columbia River Coho Salmon, Lower
Columbia River Chinook Salmon, Columbia

River Chum Salmon, and Lower Columbia

River Steelhead 

Available at:
http://www.westcoast.fisheries.noaa.gov/pub

lications/recovery_planning/salmon_steelhe

ad/domains/willamette_lowercol/lower_colu

mbia/final_plan_documents/final_lcr_plan_ju

ne_2013_-corrected.pdf

Date: July 12, 2013


Type: Final


FR Notice: 78 FR 41911
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http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_documents/final_lcr_plan_june_2013_-corrected.pdf
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
http://www.westcoast.fisheries.noaa.gov/pub
lications/recovery_planning/salmon_steelhe
ad/domains/willamette_lowercol/lower_colu
mbia/final_plan_documents/final_lcr_plan_ju
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2 ∙ Review
 Analysis


In this
 section, we review new information to determine whether species’
delineations
 remain


appropriate.

2.1 Delineation of species under the Endangered Species Act


Is the species under review a vertebrate?

Is the species under review listed as an ESU/DPS?

Was the ESU/DPS listed prior to 1996?

Prior
 to this
5-year
review,
 was the ESU/DPS
classification
reviewed to ensure it meets the
 1996 DPS
policy


standards?


In 1991,
NMFS
 issued a
policy on how the
agency
would delineate DPSs
 of Pacific salmon for


listing consideration under the ESA (56
FR
 58612).
 Under this
 policy a
group of Pacific salmon


ESU Name YES NO

Lower Columbia River Chinook Salmon X 

Columbia River Chum Salmon X 

Lower Columbia River Coho Salmon X 

Lower Columbia River Steelhead X 

ESU Name YES NO

Lower Columbia River Chinook Salmon X 

Columbia River Chum Salmon X 

Lower Columbia River Coho Salmon X 

Lower Columbia River Steelhead X 

ESU Name YES NO Date Listed if Prior to 1996

Lower Columbia River Chinook Salmon  X N/A

Columbia River Chum Salmon  X N/A

Lower Columbia River Coho Salmon  X N/A

Lower Columbia River Steelhead  X N/A
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populations is considered an ESU if it is substantially reproductively isolated from other con-

specific populations, and it represents an important component in the evolutionary legacy of the


biological species.  The 1996 joint NMFS-Fish and Wildlife Service (FWS) DPS policy (61 FR

4722) affirmed that a stock (or stocks) of Pacific salmon is considered a DPS if it represents an


ESU of a biological species. 

2.1.1 Summary of relevant new information regarding the delineation of the lower

Columbia River ESUs/DPS

ESU/DPS Composition

This section provides a summary of information presented in NWFSC 2015: Status review


update for Pacific salmon and steelhead listed under the Endangered Species Act: Pacific


Northwest.


We found no new information that would justify a change in the composition of the LCR

Chinook salmon ESU, the LCR coho salmon, nor the CR chum salmon (NWFSC 2015). 

LCR steelhead


A review of recent DNA studies, as well as the genetic analysis conducted for NWFSC (2015),


indicate that winter-run steelhead in the Clackamas River are genetically more similar to native


winter-run steelhead in the upper Willamette River than to steelhead in the lower Columbia


River. The new genetic information indicates that the composition of the Lower Columbia River


DPS and Upper Willamette River DPS should be evaluated.  In addition, a review of these DPSs’


delineation would benefit from the collection of genetic data from any winter-run steelhead


populations in the Willamette River below Willamette Falls that have not previously been


sampled (NWFSC 2015).  For example, natural spawning steelhead populations were historically


present in Johnson and Mount Scott creeks (Myers et al. 2006).

Membership of Hatchery Programs

In preparing this report, our management biologists reviewed the available information regarding


hatchery membership of this ESU and DPS (Jones 2015). They considered changes in hatchery


programs that occurred since the last status review (e.g., some have been terminated while others

are new) and made recommendations about the inclusion or exclusion of specific programs. 

They also noted any errors and omissions in the existing descriptions of hatchery population


membership.  NMFS intends to address any needed changes and corrections via separate


rulemaking subsequent to the completion of these five-year status reviews.

For the ESUs and DPS in the lower Columbia River, the following programs are being


recommended for addition to the respective ESUs/DPS.  For CR chum salmon, the Big Creek


Hatchery is recommended for addition to the ESU.  For LCR Chinook salmon, Deep River Net

Pens-Washougal, Klaskanine Hatchery, Bonneville Hatchery, and Cathlamet Channel Net Pens

are recommended for addition to the ESU.  For LCR coho salmon, Clatsop County Fisheries and


Clatsop County Fisheries/Klaskanine Hatchery are both recommended for addition to the ESU. 
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For LCR steelhead, Upper Cowlitz Wild and Tilton River Wild are both recommended for


addition to the DPS.


2.2 Recovery Criteria


The ESA requires recovery plans be developed for each listed species. Recovery plans must

contain, to the maximum extent practicable, objective measureable criteria for delisting the


species, site-specific management actions necessary to recover the species, and time and cost

estimates for implementing the recovery plan. 

2.2.1 Do the species have a final, approved recovery plan containing objective, measurable

criteria?


2.2.2 Adequacy of recovery criteria

Based on new information considered during this review, are the recovery criteria still appropriate?

ESU/DPS Name YES NO

Lower Columbia River Chinook Salmon X 

Columbia River Chum Salmon X 

Lower Columbia River Coho Salmon X 

Lower Columbia River Steelhead X 

Are all of the listing factors that are relevant to the species addressed in the recovery criteria?


ESU/DPS Name YES NO

Lower Columbia River Chinook Salmon X 

Columbia River Chum Salmon X 

Lower Columbia River Coho Salmon X 

Lower Columbia River Steelhead X 

ESU/DPS Name YES NO

Lower Columbia River Chinook Salmon X 

Columbia River Chum Salmon X 

Lower Columbia River Coho Salmon X 

Lower Columbia River Steelhead X  
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2.2.3 List the biological recovery criteria as they appear in the recovery plan


For the purposes of reproduction, salmon and steelhead typically exhibit a metapopulation


structure (Schtickzelle and Quinn 2007, McElhany et al. 2000).  Rather than interbreeding as one


large aggregation, ESUs and DPSs function as a group of demographically independent

populations separated by areas of unsuitable spawning habitat.  For conservation and


management purposes, it is important to identify the independent populations that make up an


ESU or DPS. 

The biological recovery criteria in the 2013 Recovery Plan (NMFS 2013a) are based on the


Willamette-Lower Columbia Technical Recovery Team (WLC TRT) work that partitioned the


populations of each listed salmonid species into a number of different major population groups

(MPGs), or strata, and developed biological criteria and methodologies at three different levels:

ESU/DPS, MPG (or stratum), and population. The following are the WLC TRT’s key points in


defining a viable ESU/DPS:

• Every MPG or stratum that historically existed should have a high probability of persistence. 

• Within each MPG or stratum, there should be at least two populations that have at least a 95


percent probability of persisting over a 100-year time frame. 

• Within each MPG or stratum, the average viability of the populations should be 2.25 or higher,


using the WLC TRT’s scoring system. Functionally, this is equivalent to about half of the


populations in the stratum being viable; a viable population is one whose persistence probability


is high or very high. 

• Populations targeted for viability should include those within the ESU/DPS that historically were


the most productive (“core” populations) and that best represent the historical genetic diversity of


the ESU/DPS (“genetic legacy” populations). In addition, viable populations should be


geographically dispersed in a way that protects against the effects of catastrophic events. 

• Viable populations should meet specific criteria for abundance, productivity, spatial structure,


and diversity. 

There are various ways to refer to extinction risk: as viability, persistence probability, extinction


risk, or—at the population level—population status. The 2013 recovery plan frequently uses the


terms “persistence probability” and “population status.” Only populations with a persistence


probability of 95 percent or higher over a 100-year time frame are considered viable. These


populations have a population status of high or very high (NMFS 2013a). The 2013 Lower


Columbia River Recovery Plan also includes detailed criteria for each of the five listing factors

(NMFS 2013a). 

LCR Chinook Salmon

This ESU includes all naturally spawned Chinook salmon originating from the Columbia River


and its tributaries downstream of a transitional point east of the Hood and White Salmon Rivers,
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and any such fish originating from the Willamette River and its tributaries below Willamette


Falls. Not included in this DPS are: (1) spring-run Chinook salmon originating from the


Clackamas River; (2) fall-run Chinook salmon originating from Upper Columbia River bright

hatchery stocks, that spawn in the mainstem Columbia River below Bonneville Dam, and in


other tributaries upstream from the Sandy River to the Hood and White Salmon Rivers; (3)


spring-run Chinook salmon originating from the Round Butte Hatchery (Deschutes River,


Oregon) and spawning in the Hood River; (4) spring-run Chinook salmon originating from the


Carson National Fish Hatchery and spawning in the Wind River; and (5) naturally spawning


Chinook salmon originating from the Rogue River Fall Chinook Program. This DPS does

include Chinook salmon from 15 artificial propagation programs: the Big Creek Tule Chinook


Program; Astoria High School Salmon-Trout Enhancement Program (STEP) Tule Chinook


Program; Warrenton High School STEP Tule Chinook Program; Cowlitz Tule Chinook


Program; North Fork Toutle Tule Chinook Program; Kalama Tule Chinook Program; Washougal

River Tule Chinook Program; Spring Creek National Fish Hatchery (NFH) Tule Chinook


Program; Cowlitz Spring Chinook Program in the Upper Cowlitz River and the Cispus River;

Friends of the Cowlitz Spring Chinook Program; Kalama River Spring Chinook Program; Lewis

River Spring Chinook Program; Fish First Spring Chinook Program; and the Sandy River


Hatchery (Oregon Department of Fish and Wildlife (ODFW) Stock #11) (79 FR 20802; Figure


1).  There are thirty-two demographically-independent populations in this ESU: 9 spring-run, 21


fall-run, and 2 late fall run.  These 32 populations are organized into six MPGs:  Spring-run


Cascade, Spring-run Gorge, Fall-run Coastal, Fall-run Cascade, Fall-run Gorge, and Late Fall-

run Cascade (NWFSC 2015).


CR Chum Salmon

This ESU includes naturally spawned chum salmon originating from the Columbia River and its

tributaries in Washington and Oregon. Also, chum salmon from two artificial propagation


programs: the Grays River Program and the Washougal River Hatchery/Duncan Creek Program

(79 FR 20802; Figure 2). The CR chum salmon ESU consists of 17 historical populations in


three MPGs: Coastal, Cascade, and Gorge. There are seven populations in the Coast MPG -

Young Bay, Grays/Chinook, Big Creek, Elochoman/Skamakowa, Clatskanie,


Mill/Abernathy/Germany, and Scappoose.  There are eight populations in the Cascade MPG –


Cowlitz-fall, Cowlitz-summer, Kalama, Lewis, Salmon Creek, Clackamas, Sandy, and


Washougal, and, there are two populations – Lower Gorge and Upper Gorge – in the Gorge


MPG (NMFS 2013a).


LCR Coho Salmon

This ESU includes all naturally spawned coho salmon originating from the Columbia River and


its tributaries downstream from the Big White Salmon and Hood Rivers (inclusive) and any such


fish originating from the Willamette River and its tributaries below Willamette Falls. Also, coho


salmon from 21 artificial propagation programs: the Grays River Program; Peterson Coho


Project; Big Creek Hatchery Program (ODFW) Stock #13); Astoria High School Salmon-Trout

Enhancement Program (STEP) Coho Program; Warrenton High School STEP Coho Program;
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Figure 1.  LCR Chinook salmon ESU population structure1

1 The map above generally shows the accessible and historically accessible areas for the Lower Columbia River Chinook salmon
ESU.  The area displayed is consistent with the regulatory description of the composition of the Lower Columbia River Chinook

salmon found at 50 CFR17.11, 223.102, and 224.102.  Actions outside the boundaries shown can affect this ESU.  Therefore,

these boundaries do not delimit the entire area that could warrant consideration in recovery planning or determining if an action
may affect this ESU for the purposes of the ESA.
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 Figure 2.  CR chum salmon ESU population structure2

2 The map above generally shows the accessible and historically accessible areas for the Columbia River chum salmon ESU.  The

area displayed is consistent with the regulatory description of the composition of the Columbia River chum salmon found at 50
CFR17.11, 223.102, and 224.102.  Actions outside the boundaries shown can affect this ESU.  Therefore, these boundaries do not


delimit the entire area that could warrant consideration in recovery planning or determining if an action may affect this ESU for
the purposes of the ESA.
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Cowlitz Type-N Coho Program in the Upper and Lower Cowlitz Rivers; Cowlitz Game and


Anglers Coho Program; Friends of the Cowlitz Coho Program; North Fork Toutle River


Hatchery Program; Kalama River Type-N Coho Program; Kalama River Type-S Coho Program;

Lewis River Type-N Coho Program; Lewis River Type-S Coho Program; Fish First Wild Coho


Program; Fish First Type-N Coho Program; Syverson Project Type-N Coho Program;

Washougal River Type-N Coho Program; Eagle Creek National Fish Hatchery Program; Sandy


Hatchery Program (ODFW Stock #11); and the Bonneville/Cascade/Oxbow Complex (ODFW

Stock #14) Hatchery Program (79 FR 20802; Figure 3).  Historically, the LCR coho salmon ESU


consisted of a total of 24 independent populations that spawned in almost every accessible


stream system in the lower Columbia River basin in three MPGs: Coast, Cascade, and Gorge. 

There are seven populations in the Coast MPG – Youngs Bay, Grays/Chinook, Big Creek,


Elochoman/Skamokawa, Clatskanie, Mill/Abernathy/Germany, and Scappoose.  There are 14


populations in the Cascade MPG – Lower Cowlitz, Upper Cowlitz, Cispus, Tilton, South Fork


(SF) Toutle, North Fork (NF) Toutle, Coweeman, Kalama, NF Lewis, East Fork (EF) Lewis,


Salmon Creek, Clackamas, Sandy, and Washougal, and there are three populations in the Gorge


MPG – Lower Gorge, Upper Gorge/White Salmon, and Upper Gorge/Hood (NMFS 2013a).

LCR Steelhead

This DPS includes all naturally spawned anadromous O. mykiss (steelhead) originating below


natural and manmade impassable barriers from rivers between the Cowlitz and Wind Rivers

(inclusive) and the Willamette and Hood Rivers (inclusive); excludes such fish originating from

the upper Willamette River basin above Willamette Falls. This DPS does include steelhead from

seven artificial propagation programs: the Cowlitz Trout Hatchery Late Winter-run Program

(Lower Cowlitz); Kalama River Wild Winter-run and Summer-run Programs; Clackamas

Hatchery Late Winter-run Program (ODFW Stock #122); Sandy Hatchery Late Winter-run


Program (ODFW Stock #11); Hood River Winter-run Program (ODFW Stock #50); and the


Lewis River Wild Late-run Winter Steelhead Program (79 FR 20802; Figure 4).  Historically, the


LCR steelhead DPS consisted of 23 independent populations (17 winter-run populations and six

summer-run populations) broken into four MPGs: Winter-run Cascade, Summer-run Cascade,


Winter-run Gorge, and Summer-run Gorge.  There are 14 populations in the Winter-run Cascade


MPG – Lower Cowlitz, Upper Cowlitz, Cispus, Tilton, SF Toutle, NF Toutle, Coweeman,


Kalama, NF Lewis, EF Lewis, Salmon Creek, Clackamas, Sandy, and Washougal. There are four


populations the Summer-run Cascade MPG – Kalama, NF Lewis, EF Lewis, and Washougal.


There are three populations – Lower Gorge, Upper Gorge, and Hood in the Winter-run Gorge


MPG, and two populations – Wind and Hood in the Summer-run Gorge MPG (NMFS 2013a).

2.3 Updated Information and Current Species’ Status

In addition to recommending recovery criteria, the WLC TRT also assessed the current status of


each population of LCR Chinook salmon, CR chum salmon, LCR coho salmon, and LCR

steelhead. Each population was rated against the biological criteria identified in previous

assessments.    
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 Figure 3.  LCR coho salmon ESU population structure3

3 The map above generally shows the accessible and historically accessible areas for the Lower Columbia River coho salmon
ESU.  The area displayed is consistent with the regulatory description of the composition of the Lower Columbia River coho
salmon found at 50 CFR17.11, 223.102, and 224.102.  Actions outside the boundaries shown can affect this ESU.  Therefore,

these boundaries do not delimit the entire area that could warrant consideration in recovery planning or determining if an action
may affect this ESU for the purposes of the ESA.
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 Figure 4.  LCR steelhead DPS population structure4

4 The map above generally shows the accessible and historically accessible areas for the Lower Columbia River steelhead DPS.
The area displayed is consistent with the regulatory description of the composition of the Lower Columbia River steelhead found
at 50 CFR17.11, 223.102, and 224.102.  Actions outside the boundaries shown can affect this DPS.  Therefore, these boundaries


do not delimit the entire area that could warrant consideration in recovery planning or determining if an action may affect this

DPS for the purposes of the ESA.
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2.3.1 Analysis of Viable Salmonid Population (VSP) Status

Information provided in this section is summarized from NWFSC 2015—Status review update


for Pacific salmon and steelhead listed under the Endangered Species Act: Pacific Northwest.

LCR Chinook Salmon

Updated Biological Risk Summary

Overall, there was little change since the last status review (Ford et al. 2011) in the biological

status of Chinook salmon populations in the LCR ESU (NWFSC 2015).  Increases in abundance


were noted in about 70 percent of the fall-run populations and decreases in hatchery contribution


were noted for several populations.  Relative to baseline VSP levels identified in the Recovery


Plan (NMFS 2013a) there has been an overall improvement in the status of a number of fall-run


populations, although most are still far from the recovery plan goals (NWFSC 2015).


These improved fall-run VSP scores reflect both changes in biological status and improved


monitoring.  Spring-run Chinook populations in this ESU are generally unchanged, most of the


populations are at a high or very risk due to low abundances and the high proportion of hatchery-

origin fish spawning naturally.  In contrast, the spring-run Chinook salmon demographically


independent population (DIP) in the Sandy River has an average of over a thousand natural-

origin spawners and is at moderate risk.  Additionally, the removal of Marmot Dam in the Sandy


River eliminated migrational delays and holding injuries that were occurring at the fish ladder. In


addition, the removal of the diversion dam on the Little Sandy River restored access and flow to


historical salmon habitat.  Many of the spring-run populations rely upon passage programs at

high head dams and downstream juvenile collection efficiencies are still too low to maintain self-

sustaining natural runs.  While limited numbers of naturally-produced spring-run return to the


Cowlitz and Cispus rivers, no spring-run fish are transported into the Tilton River Basin and it is

not clear if there are any spring-run Chinook salmon remaining in the Toutle River Basin.  The


removal of Condit Dam on the White Salmon River provides an opportunity for the


reestablishment of a spring-run population with volitional access to historical spawning grounds

(abundance estimates prior to 2012 reflected fish spawning below Condit Dam during the spring-

run temporal spawning window).  Spring-run Chinook salmon in the Hood River are largely of


Deschutes River spring-run origin (Middle Columbia River spring-run ESU) and are not

considered to benefit the status of the ESU; however, some Lower Columbia River spring-run


Chinook salmon have been detected in the Hood River and their contribution (when sufficiently


quantified) may need to be considered during future evaluations (NWFSC 2015).


The majority of the populations in this ESU remain at high risk, with low natural-origin


abundance levels.  Hatchery contribution to naturally-spawning fish remains high for a number


of populations, and it is likely that many returning unmarked adults are the progeny of hatchery-

origin parents, especially where large hatchery programs operate. While overall hatchery


production has been reduced slightly, hatchery-produced fish still represent a majority of fish


returning to the ESU.  The continued release of out-of-ESU stocks: upriver bright (URB), Rogue


River Select Area Bright (SAB) fall-run, Upper Willamette River spring-run, Carson Hatchery
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spring-run, and Deschutes River spring-run remain a concern. Relatively high harvest rates are a


potential concern, especially for most spring-run and low abundance fall-run populations (NMFS

2012a).  Although there have been a number of notable efforts to restore migratory access to


areas upstream of dams, until efforts to improve juvenile passage systems bear fruition, it is

unlikely that there will be significant improvements in the status of many spring-run populations. 

Alternatively, dam removals (i.e., Condit Dam, Marmot Dam, and Powerdale Dam) not only


improve/provide access, but allow the restoration of hydrological processes that may improve


downstream habitat conditions.  Continued land development and habitat degradation in


combination with the potential effects of climate change will present a continuing strong


negative influence into the foreseeable future.  In addition, coastal ocean conditions would


suggest that recent outmigrant year classes will experience below average ocean survival with a


corresponding drop in spawner abundance in the near term, depending on the duration and


intensity of the existing situation (NWFSC 2015).


CR Chum Salmon

Updated Biological Risk Summary

The majority of the populations in this ESU are at high to very high risk, with very low


abundances (NWFSC 2015).  These populations are at risk of extirpation due to demographic


stochasticity and Allee effects.  One population, Grays River, is at low risk, with spawner


abundances in the thousands and demonstrating a recent positive trend.  The Washougal River


and Lower Gorge populations maintain moderate numbers of spawners and appear to be


relatively stable.  The life history of chum salmon is such that ocean conditions have a strong


influence on the survival of emigrating juveniles.  The potential prospect of poor ocean


conditions for the near future may put further pressure on these chum salmon populations

(NWFSC 2015). 

Freshwater habitat conditions may be negatively influencing spawning and early rearing success

in some basins, and contributing to the overall low productivity of the ESU.  Land development,


especially in the low gradient reaches that chum salmon prefer, will continue to be a threat to


most chum salmon populations due to projected increases in the population of the greater


Vancouver-Portland area and the Lower Columbia River overall (Metro 2014).  The viability of


this ESU is relatively unchanged since the last review and the modest improvements in some


populations do not warrant a change in risk category, especially given the uncertainty regarding


climatic effects in the near future.  This ESU therefore remains at moderate to high risk (NWFSC

2015).


LCR Coho Salmon

Updated Biological Risk Summary

According to the NWFSC 2015 report, the status of a number of coho salmon populations have


changed since the review by McElhany et al. (2006), Ford et al. (2011), and NMFS (2013a). 

Changes in abundance and productivity, diversity and spatial structure were generally positive;
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Environmental Impact Statement preferred alternative and administration of Mitchell Act


hatchery funding.
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Action Agency: NOAA’s National Marine Fisheries Service (NMFS)

Affected Species and NMFS’ Determinations:

ESA-Listed Species Status 
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Likely to

Adversely


Affect

Species?

Is Action
Likely To


Jeopardize

the


Species?

Is Action
Likely To

Adversely


Affect

Critical

Habitat?

Is Action
Likely To

Destroy or

Adversely


Modify

Critical

Habitat?

Pacific

Eulachon/Smelt –
Southern Distinct

Population Segment

(Thaleichthys


pacificus)

Threatened Yes No No No

Lower Columbia River

Chinook Salmon

(Oncorhynchus


tshawytscha)

Threatened Yes No No No

Upper Columbia River

Spring-run Chinook

Salmon 
(O. tshawytscha)

Endangered Yes No No No

Snake River

Spring/Summer-run

Chinook Salmon 
(O. tshawytscha)

Threatened Yes No No No

Snake River Fall-run

Chinook Salmon (O. 

tshawytscha)
Threatened Yes No No No

Upper Willamette

River Chinook Salmon 
(O. tshawytscha)

Threatened Yes No No No
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xix

EXECUTIVE SUMMARY

This Opinion describes and assesses the effects of hatchery programs that were funded through

the Mitchell Act in FY 2015 and that are proposed for funding using FY 2016 and future FY

2017 funding.  It is also intended to serve as NMFS’ consultation through 2025, as NMFS

implements its new policy direction for the distribution of Mitchell Act funds.

When NMFS assesses a hatchery program, it does so with the knowledge that hatcheries can

have positive and negative effects on salmon and steelhead survival and recovery and that the

nature and level of effect is largely dependent on the circumstances and conditions that are

unique to every location and every program.  NMFS’ assessment relies on best available

scientific information (see Section 2.4 of the Opinion), and ultimately, the effects of hatchery

programs are placed in the context of the numerous threats to the survival and recovery of

salmon and steelhead in the Columbia River Basin.

In this case and for the hatchery programs described in the Proposed Action, there is a history

of long-standing operations undergoing changes and reforms starting with the first ESA-
listings of salmon and steelhead in the Columbia River Basin.  NMFS first completed ESA

consultation on Mitchell Act funded hatchery programs in 1999 and issued a jeopardy opinion

with Reasonable and Prudent Alternatives.  Since that time, and through subsequent Opinions,

NMFS has called for, and the operators have carried out, important reform actions including:

new monitoring of the status of salmon and steelhead populations; changes in hatchery

production levels and hatchery fish releases into streams; implementation of weir technology

to selectively remove excess hatchery-origin fish; and the use of alternative fish release

locations.  These measures, evaluated through new monitoring, have reduced the negative

effects of these hatchery programs and the risks to natural populations of salmon and

steelhead. 

But these changes have not sufficiently minimized impacts on the affected ESA-listed salmon

and steelhead species’ and  NMFS has realized through continued monitoring that there is

more to do at these hatchery programs.  Specifically, continued monitoring is showing that the

number of hatchery fish on the spawning grounds is too high and continues to pose a genetic

risk to natural populations.  In addition, some broodstock practices require further adjustment

to improve both fitness and abundance, and the potential of competition for limited food

resources and habitat in freshwater, the estuary, and perhaps the Columbia River plume is

cause for new scientific investigation and understanding. 

NMFS has reviewed the hatchery programs that were funded through the Mitchell Act in FY

2015 and is proposing to fund continued hatchery production contingent on several site-
specific measures to implement the preferred policy direction identified in the 2014 Final

Environmental Impact Statement to Inform Columbia River Basin Hatchery Operations and

the Funding of Mitchell Act Hatchery Programs (NMFS 2014f). These measures are designed

to address new monitoring and evaluation information and to minimize risks to ESA-listed

species.  NMFS also intends that these measures minimize impacts on Indian and non-Indian

fisheries.  The proposed measures build on hatchery reform measures implemented by the
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hatchery operators during the previous 5 to 10 years and are informed by the monitoring of

those measures and new scientific information.

The measures or adjustments in hatchery operations, and the criteria for continued hatchery

operation included in this Opinion are comprehensive and a sample of those adjustments and

criteria are summarized below:

1) Elimination of steelhead broodstocks originating from outside the Columbia River


(e.g., Puget Sound)

2) Development of broodstocks that are local to the hatchery and more compatible


with local natural populations 

3) Reductions in hatchery fish releases from specific hatchery programs that


monitoring shows are responsible for hatchery straying

4) Status-quo or increased hatchery fish releases from hatchery programs that


monitoring shows are not responsible for significant hatchery fish straying

5) New research and monitoring to determine whether juvenile hatchery fish are using


limited food and habitat resources at the expense of or to the disadvantage of fish


from natural populations 

6) Specific limits on hatchery fish straying

7) New monitoring to better understand the status of Chinook salmon natural


populations in the Coastal Stratum of the Lower Columbia River Chinook Salmon


Evolutionarily Significant Unit

8) New monitoring to verify hatchery program compliance with the measures and


criteria included in this Opinion

The Mitchell Act is one of NMFS’ most important means of mitigating for development

activities that have reduced the capacity of the Columbia River, and sub-basins of the

Columbia River, to produce salmon and steelhead. The evolution of NMFS policy with respect

to the distribution of Mitchell Act funds reflects the complexity of the issues and the multitude

of stakeholders.  NMFS has strived to update its policy for distributing Mitchell Act funds in

ways that harmonize salmon and steelhead conservation, Indian reserved fishing rights, and

sustainable recreation and non-tribal commercial fisheries.   The implications of this update in

NMFS policy were thoroughly explored and vetted in the Environmental Impact Statement

completed by NMFS in 2014 and the outcome reflects a balancing of these interests in

selecting the appropriate policy direction for annually distributing Mitchell Act funds. 

It is NMFS’ hope that the comprehensive approach to salmon and steelhead recovery in

recovery plans is aggressively implemented because by itself these hatchery actions cannot

address all of the factors limiting salmon and steelhead survival and recovery.  However, the

purpose of this action is to address the factors implicated by hatchery practices, and to

distribute Mitchell Act funds in a way that minimizes impacts to  threatened or endangered

species and we ask all parties to keep these factors in mind when reading the following

Opinion. 
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1. INTRODUCTION

This Introduction section provides information relevant to the other sections of this document

and is incorporated by reference into Sections 2 and 3 below. 

1.1 Background

This document constitutes National Marine Fisheries Service (NMFS)’ opinion under Section 7

of the Endangered Species Act (ESA) and under essential fish habitat EFH consultation

requirements in accordance with the MSA for the following federal action: NMFS application of

a policy direction for the distribution of Mitchell Act funding starting in Fiscal Year (FY) 2016

based on the preferred alternative from the Final Environmental Impact Statement to Inform

Columbia River Basin Hatchery Operations and the Funding of Mitchell Act Hatchery Programs

(NMFS 2014f), hereafter referred to as “the Mitchell Act EIS”.

The NMFS prepared the biological opinion (Opinion) and incidental take statement (ITS)

portions of this document in accordance with section 7(b) of the ESA of 1973 (16 USC 1531 et

seq.), and implementing regulations at 50 CFR1 402.


We also completed an EFH consultation on the Proposed Action, in accordance with section

305(b)(2) of the Magnuson-Stevens Fishery Conservation and Management Act (MSA) (16

U.S.C. 1801 et seq.) and implementing regulations at 50 CFR 600.

We completed pre-dissemination review of this document using standards for utility, integrity,

and objectivity in compliance with applicable guidelines issued under the Data Quality Act

(section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 2001,

Public Law 106-554). The document will be available through NMFS’ Public Consultation

Tracking System https://pcts.nmfs.noaa.gov/pcts-web/homepage.pcts. A complete record of this

consultation is on file at the Sustainable Fisheries Division (SFD) of NMFS in Lacey,

Washington.

Artificial propagation has occurred in the Columbia River Basin since 1876 (Wahle and Smith

1979).  Congress enacted the Mitchell Act (16 United States Code [USC]755-757) in 1938 for

the conservation of anadromous (salmon and steelhead) fishery resources in the Columbia River

Basin (defined as all tributaries of the Columbia River in the United States [U.S.] and the Snake

River Basin).  Since 1946, Congress has continued to appropriate Mitchell Act funds on an

annual basis, and it is one of several Federal acts passed in the 1930s and 1940s, that led to the

Federal government’s development of Columbia River water resources for major irrigation, flood

retention, and hydroelectric projects (Section 1.5.1, Hatchery Facilities in the Columbia River

Basin) (http://www.nwcouncil.org/history/DamsHistory).

The Mitchell Act authorized the establishment, operation, and maintenance of one or more

hatchery facilities in the states of Oregon, Washington, and Idaho, scientific investigations to

facilitate the conservation of the fishery resource, and “all other activities necessary for the
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conservation of fish in the Columbia River Basin in accordance with law.” While the Mitchell

Act provided the authority for the conservation of fishery resources in the Columbia River Basin,

Congress must annually appropriate funds to implement it.  In 1970, administration of the

Mitchell Act was transferred from the Department of the Interior to the Department of

Commerce (DOC) and the NMFS. Each year, after funding is appropriated by Congress, NMFS
must decide which programs, existing or new, will receive Mitchell Act funding.

This Opinion describes and assesses the past, present and future role of Mitchell Act funding of

hatchery operations in the Columbia River basin, placed in the context of the numerous threats to

survival and recovery of threatened and endangered species, including salmon and steelhead.

Mitchell Act funds serve significant purposes, including supplementing salmon populations in

order to support fishing by Indian tribes under applicable treaties. 

The evolution of NMFS’ policies with respect to distributing Mitchell Act funds, described

below, reflects the complexity of the issues and the multitude of stakeholders. NMFS has strived

to change its policy for Mitchell Act funds in ways that will help bring about the reform of

hatchery practices and, over time, reduce the extent to which hatcheries represent a limiting

factor in salmon recovery. The implications of these changes were thoroughly explored in the

Environmental Impact Statement completed by NMFS in 2010, which enabled all stakeholders to

participate in the development of this policy, as did NMFS’ regular interactions with state and

tribal co-managers. 

The outcome reflects a balancing of these interests in selecting the appropriate policy for

distributing Mitchell Act funds, with an emphasis on hatchery reform and recovery of ESA-listed

fish. NMFS has spent the past several years working with hatchery operators to make significant

changes to ongoing programs, including large reductions of hatchery smolt releases, as described

below. These are arduous decisions for stakeholders, particularly state and tribal co-managers, to

make, and the Proposed Action may have effects on harvest in the short term that would not
lessen until recovery of natural-origin populations advances. Additionally, by itself the reform of

hatchery practices cannot achieve the recovery of salmon and steelhead, or address all of the

limiting factors. However, the purpose of this action is to address the factors implicated by

hatchery practices, and to distribute Mitchell Act funds in a way that will not jeopardize

threatened or endangered species. NMFS believes that the co-managers and hatchery operators

fully support the goal of recovering listed salmon and steelhead, and are committed to making

changes that reflect this. We ask all parties to keep these factors in mind when reading the

following Opinion.

1.2 Consultation History

1.2.1 ESA Listing and Consultation History in the Columbia River Basin

The first hatchery consultations in the Columbia Basin followed the first listings of Columbia

Basin salmon under the ESA.  Snake River sockeye salmon were listed as an endangered species

on November 20, 1991, Snake River spring/summer Chinook and Snake River fall Chinook

salmon were listed as threatened species on April 22, 1992, and the first hatchery consultation
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and opinion was completed on April 7, 1994 (NMFS 1994; 2008h).  The 1994 Opinion was

superseded by “Endangered Species Act Section 7 Biological Opinion on 1995-1998 Hatchery

Operations in the Columbia River Basin, Consultation Number 383” completed on April 5, 1995
(NMFS et al. 1995).  This Opinion determined that hatchery actions jeopardized listed Snake

River salmon and required implementation of reasonable and prudent alternatives (RPAs) to

avoid jeopardy.

A new Opinion was completed on March 29, 1999, after Upper Columbia River (UCR) steelhead

were listed (62 FR 43937, August 18, 1997) and following the expiration of the previous
Opinion on December 31, 1998 (NMFS 1999a).  This Opinion concluded that Federal and non-
Federal hatchery programs jeopardized Lower Columbia River (LCR) steelhead and Snake River

steelhead protected under the ESA and described RPAs necessary to avoid jeopardy.    Soon

after, NMFS reinitiated consultation when LCR Chinook salmon, UCR spring Chinook salmon,

Upper Willamette Chinook salmon, Upper Willamette steelhead, Columbia River chum salmon,

and Middle Columbia steelhead were added to the list of endangered and threatened species

(Smith 1999).


Between 1991 and the summer of 1999, the number of distinct groups of Columbia Basin salmon

and steelhead listed under the ESA increased from 3 to 12, and this prompted NMFS to reassess

its approach to hatchery consultations.  In July 1999, NMFS announced that it intended to

conduct five consultations and issue five Opinions “instead of writing one biological opinion on

all hatchery programs in the Columbia River Basin.”  Opinions would be issued for hatchery

programs in the, (1) Upper Willamette, (2) MCR, (3) LCR, (4) Snake River, and (5) UCR, with

the UCR NMFS’s first priority (Smith 1999).  Between August 2002 and October 2003, NMFS
completed consultations under the ESA for approximately twenty hatchery programs in the

UCR.  For the MCR, NMFS completed a draft Opinion and distributed it to hatchery operators

and funding agencies for review on January 4, 2001, but completion of consultation was put on

hold pending several important basin-wide review and planning processes, which are detailed

below in Section 1.2.3.


The increase in ESA listings during the mid to late 1990s triggered a period of investigation,

planning, and reporting across multiple jurisdictions and this served to complicate, at least from a

resources and scheduling standpoint, hatchery consultations.  A review of Federal funded

hatchery programs ordered by Congress was underway at about the same time that the 2000

Federal Columbia River Power System (FCRPS) Opinion was issued by NMFS (NMFS 2000b). 
The Northwest Power and Conservation Council (NPCC) was asked to develop a set of

coordinated policies to guide the future use of artificial propagation, and RPA 169 of the FCRPS
Opinion called for the completion of NMFS-approved hatchery operating plans (i.e., Hatchery

Genetic Management Plans (HGMPs)).  The RPA required the Action Agencies to facilitate this
process, first by assisting in the development of HGMPs, and then by helping to implement

identified hatchery reforms (Brown 2001).  Also at this time, a U.S. v. Oregon Columbia River

Fisheries Management Agreement (CRFMA), which included goals for hatchery management,

was under negotiation and new information and science on the status and recovery goals for

salmon and steelhead was emerging from Technical Recovery Teams (TRTs).  Work on HGMPs

was undertaken in cooperation with the Council’s Artificial Production Review and Evaluation

process, with CRFMA negotiations, and with ESA recovery planning (Jones Jr. 2002; Foster
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2004).  HGMPs were submitted to NMFS under RPA 169; however, many were incomplete and

therefore, were not found to be sufficient2 for ESA consultation.

ESA consultations and an Opinion were completed in 2007 for nine hatchery programs that

produce a substantial proportion of the total number of salmon and steelhead released into the

Columbia River annually.  These programs are located in the LCR and MCR and are operated by

the USFWS and by the WDFW.  NMFS’s Opinion (NMFS 2007b) determined that operation of

the programs would not jeopardize salmon and steelhead protected under the ESA.


On May 5, 2008, NMFS published a Supplemental Comprehensive Analysis (SCA) (NMFS
2008h) and an Opinion and RPAs for the FCRPS to avoid jeopardizing ESA-listed salmon and

steelhead in the Columbia Basin (NMFS 2008d).  Since the Proposed Action did not encompass

hatchery operations per se, no incidental take coverage was offered through the FCRPS
biological Opinion for hatcheries operating in the region.  Instead, NMFS advised that the

operators of each hatchery program should address its obligations under the ESA in separate

consultations, as required” (see NMFS 2008h, p. 5-40).

On April 28, 2010 (Walton 2010), NMFS issued a letter to “co-managers, hatchery operators,

and hatchery funding agencies” that described how NMFS “has been working with co-managers

throughout the Northwest on the development and submittal of fishery and hatchery plans in

compliance with the Federal ESA.”  NMFS stated, “In order to facilitate the evaluation of

hatchery and fishery plans, we want to clarify the process, including consistency with U.S. v.


Oregon, habitat conservation plans and other agreements….”  With respect to “Development of

Hatchery and Harvest Plans for Submittal under the ESA,” NMFS clarified: “The development

of fishery and hatchery plans for review under the ESA should consider existing agreements and

be based on best available science; any applicable multiparty agreements should be considered,

and the submittal package should explicitly reference how such agreements were considered.  In

the Columbia River, for example, the U.S. v. Oregon agreement is the starting place for

developing hatchery and harvest plans for ESA review…."

Many, but not all, of the hatchery programs funded with Mitchell Act dollars are included in the

U.S. v. Oregon agreement.

Because it was aware of the scope and complexity of ESA consultations facing the co-managers

and hatchery operators, NMFS offered substantial advice and guidance to help with the

consultations.  In September 2008, NMFS announced its intent to conduct a series of ESA

consultations and that “from a scientific perspective, it is advisable to review all hatchery

programs (i.e., Federal and non-Federal) in the UCR affecting ESA-listed salmon and steelhead

concurrently” (Walton 2008).  In November 2008, NMFS expressed again the need for re-
evaluation of UCR hatchery programs and provided a “framework for ensuring that these


                                                
2 “Sufficient” means that an HGMP meets the criteria listed at 50 CFR 223.203(b)(5)(i), which include (1) the


purpose of the hatchery program is described in meaningful and measureable terms, (2) available scientific and

commercial information and data are included, (3) the Proposed Action, including any research, monitoring, and

evaluation, is clearly described both spatially and temporally, (4) application materials provide an analysis of effects


on ESA-listed species, and (5) preliminary review suggests that the program has addressed criteria for issuance of

ESA authorization such that public review of the application materials would be meaningful.
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hatchery programs are in compliance with the Federal Endangered Species Act” (Jones Jr. 2008). 
NMFS also “promised to share key considerations in analyzing HGMPs” and provided those

materials to interested parties in February 2009 (Jones Jr. 2008). While NMFS was conducting

ESA hatchery consultations in the upper Columbia River and elsewhere, in 2013 it reinitiated

section 7 consultation for hatchery programs funded under the Mitchell Act, starting with

steelhead HGMPs in the LCR. This first stage in the consultation prompted changes and

improvements in the HGMPs, some that were implemented immediately, including the

termination of several hatchery programs and the creation of wild steelhead refuges. 

Overall and since 2009, NMFS has completed ESA consultations for 101 of the 159 HGMPs in

the Columbia River basin, including many HGMPs funded under the Mitchell Act.

1.2.2 NMFS’ Mitchell Act Action under National Environmental Policy Act (NEPA)

NMFS’ annual funding of hatchery programs and facilities, in the Columbia River basin

constitutes a major federal action, and as such, requires a review under the NEPA, of the impacts

of the action on the human environment (NMFS 2014f). NMFS published a Federal Register

notice of its intent to prepare an Environmental Impact Statement (EIS) on September 3, 2004

(69 Fed. Reg. 53892), opening a 90-day public comment period to gather information on the

scope of issues and range of alternatives to be analyzed in the draft EIS. In addition, NMFS held

a series of external meetings to seek input on potential EIS alternatives for continuing to fund

hatchery production with Mitchell Act appropriated funds. External meetings were attended by

representatives from the Washington Department of Fish and Wildlife (WDFW), the Oregon

Department of Fish and Wildlife (ODFW), the USFWS, the Nez Perce Tribe, the Pacific Fishery

Management Council (PFMC), the Northwest Indian Fisheries Commission (NWIFC), the

Confederated Tribes of the Colville Reservation, the Columbia River Inter-tribal Fish

Commission (CRITFC), the Institute for Tribal Government, and various fishing and

environmental groups. A second notice, published on March 12, 2009 (74 Fed. Reg. 10724),

notified the public of NMFS’ intent to expand the project scope to include all Columbia River

hatchery programs, regardless of funding source.

NMFS published its draft EIS in August 2010 for a 90-day public review period. The comment

period was announced in newspapers, through correspondence with tribes and other interested

parties, and by publication in the Federal Register (75 Fed. Reg. 47591, August 6, 2010). This

period was extended for an additional 30 days (75 Fed. Reg. 54146, September 3, 2010) for a

total of 120 days for public comment. Additionally, NMFS held a series of public meetings

where public testimony was taken. These meetings were held in Vancouver, Washington;
Kennewick, Washington; Astoria, Oregon; and Lewiston, Idaho, between September 20, 2010

and October 13, 2010. NMFS received more than 1,100 comments on the draft EIS.

NMFS published its final EIS in the Federal Register on September 12, 2014 and made it
available for a 60-day public review period. The final EIS described NMFS’ preferred

Alternative for the policy direction used to guide NMFS’ future funding of Mitchell Act

hatcheries in the Columbia River basin.
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1.2.3 Consultation History for Hatchery Programs Funded by the Mitchell Act

As described above in Section 1.2.1, there have been a series of ESA consultations on the

various federal and non-federally-funded hatchery programs throughout the Columbia River

basin, since the first ESA-listings of salmon and steelhead in the early 1990s. Several of these

consultations have included many or all of the hatchery programs funded by the Mitchell Act. 

In 1994, 1995 and 1999 NMFS consulted on all the hatchery production funded by the Mitchell
Act (NMFS 1994; NMFS et al. 1995; NMFS 1999a). Subsequent site specific reinitiated

consultations, based on the geographic areas within the Columbia Basin, also contained many of

the Mitchell Act-funded programs. 

NMFS completed consultation on the USFWS-operated hatchery programs in the Lower

Columbia and Middle Columbia River in 2007 (NMFS 2007b). This action contained nine

Mitchell Act-funded programs. This consultation found that the USFWS’s operations of the

facilities, hatchery programs and associated monitoring and evaluation would not jeopardize the

LCR Chinook Salmon ESU, UWR Chinook Salmon ESU, Columbia River Chum Salmon ESU,

LCR Steelhead DPS, MCR Steelhead DPS, and LCR Coho Salmon ESU or destroy or adversely

modify their respective designated critical habitats. This consultation was subsequently re-
authorized in 2016 (NMFS 2016i) to cover NMFS’ funding action of USFWS Mitchell Act

programs, for federal fiscal year 2016.

In 2011, NMFS completed a consultation on the Bonneville Power Administration (BPA)funded

hatchery programs operated in the Umatilla River basin by the Confederated Tribes of the

Umatilla Indian Reservation (CTUIR) and the state of Oregon (ODFW) (NMFS 2011e). This

included one program that is supported by the Mitchell Act (Umatilla coho salmon). NMFS
found that the operation of these programs would not jeopardize MCR steelhead, Snake River

Spring/summer Chinook salmon, or Snake River fall-run Chinook salmon. Nor would it destroy

or adversely modify any of their designated critical habitat.

NMFS completed a consultation on the operation of hatchery programs in the Yakima River

basin in 2013 (NMFS 2013c). These hatchery programs are operated by the Yakama Nation and

the state of Washington (WDFW). This consultation included programs that are partially funded

by the Mitchell Act (Prosser Hatchery coho and Chinook salmon), as well as other programs

which are interrelated and/or interdependent with the annual Mitchell Act hatchery funding

action. Here NMFS found that the Yakama Nation’s and WDFW’s operations of the hatchery

programs and associated monitoring and evaluation would not jeopardize the MCR Steelhead

DPS or destroy or adversely modify its designated critical habitats.

In 2014, NMFS completed a consultation on the BPA Mid-Columbia River Coho Salmon

Restoration Program including operation and construction activities in the Yakima, Wenatchee

and Methow river subbasins.  The consultation was completed in June of 2014 (NMFS 2014c)

and authorizes these programs which are operated in conjunction with annual Mitchell Act-
funded hatchery programs and facilities in the LCR. This consultation determined that the

Proposed Action would not jeopardize the ESA-listed UCR Steelhead DPS, UCR Spring
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Chinook Salmon ESU, LCR Steelhead DPS, or the LCR Chinook Salmon ESU. Nor would it

destroy or adversely modify critical habitat associated with any of these ESA-listed fish.

Also in 2014, NMFS completed a consultation on five hatchery programs operated by the

ODFW in the  Sandy River (OR) (NMFS 2014e), issuing an ESA Section 4(d) Rule (Limit 5)

exemption to the State of Oregon. This initial authorization for ODFW to operate the Sandy

River hatcheries was subsequently replaced by a new authorization and 4(d) determination on

June 17, 2016 (Turner 2016). NMFS found that ODFW’s operations of the hatchery programs in

the Sandy River (OR) would not jeopardize the LCR Steelhead DPS, LCR Chinook Salmon

ESU, LCR Coho Salmon ESU, Columbia River Chum Salmon ESU, or the Southern Pacific

Eulachon DPS. Nor would it destroy or adversely modify their designated critical habitat.

1.2.4 Current NMFS Actions Under Consideration

The Proposed Action continued to take shape as NMFS considered potential Mitchell Act

funding consultation that were smaller in scope.  NMFS initially requested formal consultation

on several hatchery programs, included in the current Proposed Action, on December 24, 2013. 
NMFS’s requested concurrence, under Section 7(a)(2) of the ESA, with their internal

determination of the effects of four hatchery programs operated in the Klickitat River basin by

the Yakama Nation and the WDFW and funded, annually, by the Mitchell Act (Dixon 2013) .

NMFS completed its review of the 4 Klickitat HGMPs cited in the assessment on February 14,

2014, determining them to be sufficient for formal consultation (Jones 2014).


Additionally, on April 8, 2014, NMFS requested written concurrence with the internal

determination that NMFS’ annual Mitchell Act funding of 18 WDFW-operated hatchery

programs would likely adversely affect (LAA) ESA-listed Columbia River salmon, steelhead,

and Eulachon and Green Sturgeon, but would not jeopardize the continued existence of these

ESA-listed species, or destroy or adversely modify designated critical habitat (Dixon 2014).

NMFS completed its initial review of the 18 HGMPs (WDFW 2012a-p) cited in the assessment

on April 17, 2014, determining them to be sufficient for formal consultation (Jones Jr. 2014).

This initial, formal consultation (PCTS 2014-697), ultimately grew to encompass the entirety of

the Proposed Action that this Opinion is evaluating. 

As described earlier, in Section 1.2.2, NMFS published its final EIS on Mitchell Act hatchery

funding in September of 2014 (79 FR 54707, September 12, 2014) and, after the public review

period (60 day), began working on its ROD. During the next several months (during 2015)

internal discussions between NMFS West Coast Regional staff, the NMFS West Coast Regional

NEPA coordination team, and the National Oceanic and Atmospheric Administration (NOAA)

Northwest General Council, that the eventual issuance of the ROD, outlining NMFS’ intent to

issue future Mitchell Act funding, guided by the EIS preferred Alternative, would necessitate an

evaluation of its effects under the ESA. Additional discussion regarding the scope of the

“action”, to be considered, also took place. By the late summer of 2015, it was decided that in

order to understand the likely effects of the continued funding of Mitchell Act hatcheries, under

the implementation of the EIS preferred alternative, a consultation on the full effects of the

operations of all of the Mitchell Act-funded hatchery programs was necessary. In late 2015
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NMFS prepared, and in January of 2016, published a Federal Register update on the MA EIS
process and its intent to (81 FR 2196, January 15, 2016). At this time, and in an effort to

effectively and efficiently manage its resources, NMFS looked to utilize an already existing, in-
progress consultation process on Mitchell Act-funded hatchery programs (PCTS 2014-697 from

above), in order to build this larger, more comprehensive evaluation of the current Proposed

Action. 

NMFS began discussion with all current Mitchell Act-recipient agencies—States, Tribes, and

Federal—to coordinate submission of all relevant and recent information on the operations and

effects of current Mitchell Act-funded hatchery programs. Final and draft HGMPs, as well as

supplemental information, requested during this period, were submitted and used to develop and

assess the Proposed Action.


1.3 Proposed Action

“Action” means all activities, of any kind, authorized, funded, or carried out, in whole or in part,

by Federal agencies (50 CFR 402.02). Federal action means any action authorized, funded, or

undertaken, or proposed to be authorized, funded, or undertaken by a Federal Agency (50 CFR
600.910).  “Interrelated actions” are those that are part of a larger action and depend on the larger

action for their justification.  “Interdependent actions” are those that have no independent utility

apart from the action under consideration (50 CFR 402.02). 

NMFS proposes to implement its preferred policy direction (EIS Preferred Alt) for the

distribution of Mitchell Act funds as described in the Final EIS to Inform Columbia Basin

Hatchery Operations and the Funding of Mitchell Act Hatchery Programs (NMFS 2014f). NMFS
describes a hatchery program as a group of fish that have a separate purpose and that may have

independent spawning, rearing, marking and release strategies (NMFS 2008d). The operation

and management of every hatchery program is unique in time, and specific to an identifiable

stock and its native habitat (Flagg et al. 2004). 

This Opinion is intended to apply to distributions of Mitchell Act funds from 2016 through 2025.

It may require amendments in that time as programs included in the Opinion make significant

changes to their operations, or as programs are discontinued, or as the availability of Mitchell
Act funds changes. Additionally, there are requirements included in the proposed action or terms

and conditions which could lead to new information that would necessitate program changes. 
Finally, as with all biological opinions, changes in the extent of effects or take of ESA-listed

species may also lead to reinitiation of consultation and a new Opinion. Therefore, this Opinion

will remain in effect through the action to distribute Mitchell Act funds in FY 2025, unless

superceded or withdrawn before that time.

In addition to potential changes to the Opinion over time, new circumstances could lead to

funding changes as well. Because the underlying action concerns a series of year-to-year funding

actions, any changes to the action or the expected effects from what is described in this opinion

would likely cause NMFS to reconsider if a program can still be funded in the next cycle of

Mitchell Act grants. For example, if NMFS received indication that applicable pHOS goals were

not likely to be met, possibly due to changing circumstances or the failure to take an action such

as installing a weir, NMFS may be unable to issue Mitchell Act funds for programs responsible
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for those missed goals, unless changes could be made (e.g. reductions in program size) that

would restore the program’s ability to meet pHOS goals before the next distribution of Mitchell

Act funds takes place. Each year’s continued funding is contingent on NMFS judgment that the

actions and analysis of effects described in this Opinion remain in force. At this time, this
Opinion is sufficient to support distributing FY 2016 funds (Phase 1, as described below).

In addition to covering specific distributions of Mitchell Act grants, the Proposed Action

includes the policy direction NMFS intends to adopt to guide these and all future distributions of

Mitchell Act funds.  In the final EIS, NMFS identified a preferred policy direction that would be

used to guide decisions about the distribution of funds for hatchery production under the Mitchell
Act.  The preferred policy direction is defined by the following goals and/or principles:

 The stronger performance goal would be applied to Mitchell Act-funded hatchery

programs that affect ESA-listed primary and contributing (or equivalent) salmon and

steelhead populations in the Columbia River Basin. These stronger performance goals

would minimize the risks of, or accentuate the benefits of, hatchery programs on ESA-
listed natural-origin salmon and steelhead populations. 

o Integrated Mitchell Act hatchery programs would be better integrated, where


necessary, than under baseline conditions. 

o Isolated Mitchell Act hatchery programs would be better isolated, where


necessary, than under baseline conditions. 

 Conservation hatchery programs funded under the Mitchell Act would be operated at a

level determined by conservation need. 

 Best Management Practices (BMPs) for Mitchell Act-funded facilities would be applied. 

 New Mitchell Act-funded programs (for conservation, harvest, or both purposes) could

be initiated throughout the Columbia River Basin, where appropriate.

 Monitoring, evaluation, and reform (MER) for Mitchell Act funded hatchery programs

would occur under the selected alternative. NMFS would continue to work with Mitchell
Act-funded hatchery operators, basinwide, to develop priorities and strategies for

Mitchell Act MER. 

 Adaptive management planning, related to risk minimization, would be required for

Mitchell Act-funded programs that affect ESA-listed primary and contributing (or

equivalent) salmon and steelhead populations in the Columbia River Basin. Annual

review of hatchery program goals and objectives, related to biological risk/benefit

management, as well as cultural and economic benefits of the hatchery programs will
occur. Mitigation measures, when necessary, would be implemented to address concerns. 

 Mitchell Act hatchery funds would be disbursed, annually, in support of the above goals

and/or principles.


The goals and/or principles outlined in the preferred policy direction are meant as indicators of

the direction that NMFS intends to move hatchery programs that receive Mitchell Act funding.
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The preferred policy direction does not identify specific actions that would be taken consistent

with its preferred policy direction because specific hatchery actions are best identified on a

hatchery program-by-hatchery programs basis.  At this time, NMFS has reviewed the hatchery

programs that were funded through the Mitchell Act in Fiscal Year (FY) 2015 and developed a

strategy for implementing its preferred policy direction, which is broken into three phases:

 Phase 1 includes measures that will be applied to the distribution of FY 2016 funds.

 Phase 2 includes measures that will be applied to the distribution of FY 2017 through FY

2022.


 Phase 3 includes measures that will be applied to the distribution of FY 2023 through FY

2025.


1.3.1 Implementation of Preferred Alternative in Phase 1 (FY 2016)

Phase 1 includes the distribution of FY 2016 funds to the hatchery programs identified below
summarized in NMFS (2017) and Table 1. 

Prior to 2016, the allocation of Mitchell Act Funds has been an annual process involving NMFS
and the following hatchery operators: the U.S. Fish and Wildlife Service, Idaho Department of
Fish and Game, Oregon Department of Fish and Wildlife, Washington Department of Fish and

Wildlife, the Yakama Nation, and the Nez Perce Tribe (as described above in Section 1.2.2). 

The allocation of funds for hatchery operations has been determined with the goal of maintaining

production to meet levels identified in the 2008-2017 U.S. v. Oregon Management Agreement

and to meet other important mitigation needs.  Reductions in production due to reduced funding

or increased costs to the operators were negotiated by the hatchery operators and where

applicable by parties to the U.S. v. Oregon Management Agreement.  Monitoring, evaluation,

and reform projects were reviewed annually by NMFS, the hatchery operators, and tribes to

identify projects that would be continued based on the expected level of funding.  If additional

funds became available for reform actions, the hatchery operators and NMFS evaluated the

proposals and agreed on the allocation of funds for specific projects.

In FY 2016, NMFS used the same process for determining the initial allocation of Mitchell Act

funds.  However, because NMFS was still in the process of determining its policy direction for

disbursement of Mitchell Act funds for hatchery production, each new grant or grant

modification for FY 2016 funds contains a special condition that prohibits hatchery operators

from accessing FY 2016 funds until all applicable environmental reviews have been completed

and NMFS’ new policy direction for the funding of Mitchell Act hatchery programs has been

finalized. 

A summary of the hatchery programs that would be funded under Phase 1 are found in NMFS
(2017), including information on the following:

 Watershed where fish are released 

 Program operator

 Funding agency
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 Operational strategy (i.e., isolated or integrated)

 Broodstock origin and listing status

 Relationship of broodstock to listed salmon and steelhead in watershed of release

 Number of broodstock collected

 Mating protocols

 Incidental handling of ESA-listed natural-origin fish during broodstock collection

 Number of fish released

 Size of fish released

 Marking protocols for released fish

 Months of acclimation prior to release

 River mile where fish are released

 Whether the fish are volitionally released

 Month of release

 Facilities used by Mitchell Act funded programs

 Source of water for each facility used

 Amount of withdrawn water

 Water diversion distance, if applicable, between water intake and discharge structures

 Whether the water intake structures are screened according to NMFS criteria

 Whether the hatchery facilities have National Pollution and Discharge Elimination


System (NPDES) permits

Additionally, NMFS (2017) outlines the ongoing Mitchell Act Hatchery Monitoring, Evaluation,

and Reform Activities that would be funded in Phase 1. MER, which is a categorical component

of the annual Mitchell Act hatchery funding, stands for monitoring, evaluation, and reform. For

the purposes of this Opinion, activities and measures in the MER category are considered as

Research, Monitoring and Evaluation (RM&E) activities.


1.3.2 Implementation of Preferred Alternative in Phase 2 (FY 2017 through FY


20223)

In Phase 2, NMFS would prioritize funding for hatchery programs that received FY 2016

funding as long as they meet all applicable measures included in Phase 1 plus the following

measures, if applicable to their hatchery program, to ensure they are operated consistent with the

goals and principles of the preferred policy direction. In order to ensure compliance with these

measures, hatchery operators would need to include in a letter to NMFS sufficient commitments
to implement the measures below, according to the identified schedule, before a hatchery

operator could access their Mitchell Act funds for that fiscal year.  Additional measures may be

required based on the annual funding review process, new science, or ESA consultations. 

 No hatchery programs funded through the Mitchell Act may rear or release, into any


watershed where steelhead are ESA-listed, Chambers Creek steelhead, a hatchery stock


                                                
3 FY 2017 through FY 2022 would start October 1, 2016 and end September 30, 2022.
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that does not originate from within the Columbia River basin after broodyear 2016 fish


are released.


 Mitchell Act-funded LCR Chinook and coho salmon hatchery programs that release fish

from broodstocks originating from outside of the MPG where they are released will begin

transitioning to broodstocks originating from within-MPG, beginning in broodyear 2016

and have fully transitioned to the within-MPG stock by broodyear 2019. 

 All hatchery programs funded through the Mitchell Act must comply with all terms and

conditions identified in any applicable NMFS and/or FWS Opinions.


 WDFW will preserve its Wild Steelhead Gene Bank in the East Fork Lewis River, Wind

River, and NF Toutle River, so that at least one primary steelhead population4 in each

LCR steelhead MPG is protected from the genetic influence of hatchery programs. 

 To minimize genetic risks from the hatchery programs funded through the Mitchell Act,

to primary and contributing populations of Chinook and coho salmon, and steelhead,

hatchery production in the following hatchery programs cannot exceed production levels

identified in Table 1 based on release year.  The production level changes will reduce the

proportion of hatchery-origin fish on the spawning grounds (pHOS) as described in Table

3 and Table 4 based on analyses described in (NMFS 2017).  Hatchery operators may not

use other funds (i.e., non-Mitchell Act) to “backfill” the reductions in tule fall Chinook or

coho salmon production at the facilities in Table 1 because backfilling this production

would pose an unacceptable genetic risk to ESA-listed LCR coho and Chinook salmon

ESUs. 

Table 1. Production levels by hatchery programs and year.

Mitchell Act
Hatchery Program

Hatchery

Program

Operator


Integrated or

Isolated

Recent
Average


(2015
-2016)

Release

Number

Maximum

Number
 of
 Fish


that Can Be

Released by end


Phase
 2 (i
.e.,

Spring of
 2022)

Bonneville coho

salmon

ODFW Isolated 323,000 250,000

Bonneville fall
Chinook salmon 
(tule)

ODFW Isolated 2,519,000 5,000,000

Big Creek Chinook

salmon (tule)

ODFW Isolated 3,106,000 1,400,000

Big Creek coho

salmon

ODFW Isolated 543,000 735,000

Big Creek chum

salmon 

ODFW Integrated 154,0001 300,000

Big Creek winter
steelhead

ODFW Isolated 55,900 60,000

                                                
4 Population designations (i.e., primary and contributing) are identified in the Lower Columbia River Recovery Plan


(ODFW 2005a).
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Mitchell Act
Hatchery Program

Hatchery

Program
Operator

Integrated or

Isolated

Recent
Average


(2015-2016)
Release

Number

Maximum
Number of Fish


that Can Be

Released by end


Phase 2 (i.e.,

Spring of 2022)

Gnat Creek winter
steelhead

ODFW Isolated 37,500 40,000

Klaskanine winter

steelhead

ODFW Isolated 38,9002 40,000

Klaskanine fall
Chinook salmon 
(tule)

ODFW Isolated 2,425,000 2,475,000

Clackamas summer
steelhead

ODFW Isolated 144,0002 125,000

Clackamas winter
steelhead

ODFW Integrated 106,0002 165,000

Clackamas spring

Chinook salmon

ODFW Integrated 636,0002 1,050,000

Grays River coho

salmon

WDFW Integrated 161,000 75,000

North Fork Toutle

fall Chinook salmon 
(tule)

WDFW Integrated 1,394,000 1,100,000

North Fork Toutle

coho salmon

WDFW Integrated 163,0001 90,000

Kalama fall Chinook 
salmon (tule)

WDFW
Integrated to


Isolated
5,801,000 2,600,000

Kalama coho salmon 
- Type N

WDFW
Integrated to


Isolated
459,0001 300,000

Kalama summer
steelhead (integrated)

WDFW Integrated 83,000 90,000 (Int/Iso)

Kalama winter
steelhead (integrated)

WDFW Integrated 56,000 135,000 (Int/Iso)

Washougal fall
Chinook salmon 
(tule)

WDFW Integrated 1,976,000 1,200,000

Washougal coho

salmon

WDFW Integrated 154,000 108,000

Walla Walla spring

Chinook salmon

CTUIR/ USFWS Isolated 250,0003

Ringold Springs

steelhead

WDFW Isolated 183,000 180,000

Ringold Springs coho

salmon

WDFW Isolated 0 750,000

Clearwater River
coho restoration 
project

NPT/USFWS Isolated 517,0001 550,000

Lostine River coho

restoration project

NPT/ODFW Isolated 0 500,000
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Mitchell Act
Hatchery Program

Hatchery

Program
Operator

Integrated or

Isolated

Recent
Average


(2015-2016)
Release

Number

Maximum
Number of Fish


that Can Be

Released by end


Phase 2 (i.e.,

Spring of 2022)

Deep River coho

salmon (MA/SAFE)

WDFW Isolated 787,000 700,000

Klickitat coho

salmon

YN/WDFW Isolated 3,607,000 3,500,000

Klickitat upriver
bright fall Chinook 
salmon

YN Isolated 2,742,000 4,000,000

Klickitat spring

Chinook salmon

YN Isolated 521,000 800,000

Klickitat Skamania

summer steelhead

YN/WDFW Isolated 92,000 90,000

Deep River fall
Chinook salmon

WDFW Isolated 903,000 0

Beaver Creek

summer steelhead

WDFW Isolated 31,000 30,000

Beaver Creek winter

steelhead

WDFW Isolated 66,000 130,000

Beaver Creek

(Elochoman R) coho 
salmon

WDFW Integrated 0 150,000

South Toutle summer
steelhead

WDFW Isolated 20,000 20,000

Coweeman winter

steelhead

WDFW Isolated 11,000 12,000

Cathlamet Channel
Net-pen spring 
Chinook salmon

WDFW Isolated 124,000 250,000

Klineline winter
steelhead (Salmon 
Creek)

WDFW Isolated 35,000 40,000

Washougal summer
steelhead (Skamania 
Hatchery)

WDFW Isolated 62,900 70,000

Washougal winter

steelhead (Skamania 
Hatchery)

WDFW Isolated 64,200 85,000

Kalama River early

winter steelhead 
(Chambers)

WDFW Isolated 58,100 0

Kalama River
Skamania summer 
steelhead

WDFW Isolated 30,000 0

Rock Creek winter
steelhead

WDFW Isolated 18,000 20,000
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Mitchell Act
Hatchery Program

Hatchery

Program
Operator

Integrated or

Isolated

Recent
Average


(2015-2016)
Release

Number

Maximum
Number of Fish


that Can Be

Released by end


Phase 2 (i.e.,

Spring of 2022)

Kalama Spring

Chinook salmon

WDFW Isolated 515,591 500,000

Umatilla River coho

salmon

CTUIR/ODFW Isolated 500,0003

Sandy River spring

Chinook salmon

ODFW Integrated 132,0003

Sandy River winter
steelhead

ODFW Integrated 170,0003

Sandy River summer
steelhead

ODFW Isolated 80,0003

Sandy River coho

salmon

ODFW Isolated 300,0003

Carson National Fish 
Hatchery spring 
Chinook salmon

USFWS Isolated 1,170,0003

Little White Salmon

National Fish

Hatchery upriver
bright fall Chinook

salmon

USFWS Isolated
4,500,0003

Little White Salmon

National Fish

Hatchery Spring 
Chinook salmon

USFWS Isolated
1,000,0003

Eagle Creek National
Fish Hatchery winter 
steelhead

USFWS Integrated 100,0003

Eagle Creek National
Fish Hatchery coho 
salmon

USFWS Isolated 350,0003

Yakima River -
Prosser upriver bright 
fall Chinook salmon

YN Isolated 1,700,0003

1Avg of 2014 and 2015 releases; 22015 only; 3Release goal for program operations with existing ESA-
authorization (See Consultation History, Section 1.2.2).


Table 2. Hatchery programs and release sizes which are interrelated to and/or interdependent

with Mitchell Act hatchery programs. 

Hatchery Programs which are

Interrelated or Interdependent to


Mitchell Act hatchery funding

Hatchery 
Program 
Operator

Integrated or

Isolated

Release Level
Considered in this


Assessment
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SAFE coho salmon (Youngs Bay,

Tongue Point, Blind Slough, Klaskanine, 
and SF Klaskanine)

ODFW/CCP Isolated 3,745,000

Astoria High School STEP5 coho

salmon

ODFW Isolated 4,000

Astoria High School STEP fall Chinook

salmon (tule)

ODFW Isolated 25,000

Warrenton High School STEP coho

salmon

ODFW Isolated 5,000

Warrenton High School STEP fall
Chinook salmon (tule)

ODFW Isolated 16,500

Methow and Wenatchee River coho

salmon- Reintroduction Program

YN Isolated 1,500,0001

Yakima River coho salmon YN Isolated 1,000,0001

1Release goal for program operations with existing ESA-authorization (See Consultation History, Section

1.2.2). 

Hatchery program production levels, proposed in Table 1 above, not including programs were

authorizations for the operations exist (indicated by the table footnote), are expected to result in

the following levels of genetic effects (Table 3, Table 4, Table 5).

Table 3. Expected genetic effect levels on ESA-listed Chinook salmon populations potentially

affected by Mitchell Act-funded hatchery programs. 

Chinook

Salmon


ESU

Major

Population


Group

(MPG)

Population
Recovery


Designation

Recent
Avg


pHOS

(2010-
2015)

Expected

pHOS levels*


once fully

Implemented

LCR

Coast 

Elochoman/Skamokawa Primary 79% <50.0%

Mill/Germany/Abernathy Primary 89% <50.0%

Grays/Chinook Contributing 73% <50.0%

Cascade 

Coweeman Primary 15% <10.0%

Lower Cowlitz Contributing 27% <30.0%

Toutle Primary 64% <30.0%

Kalama (fall) Contributing 84% <10.0%

Kalama (spring) Contributing ~0% <10.0%

Lewis Primary 34% <10.0%

Washougal Primary 65% <30.0%

UWR
Western

Cascade

Clackamas Primary <10% <10.0%

*Expected pHOS levels are based on a 4-year average

Table 4. Expected genetic effect levels on ESA-listed LCR coho salmon populations potentially

affected by Mitchell Act-funded hatchery programs.

                                                
5 Salmon and Trout Enhancement Program (STEP)
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LCR Major

Population 

Group (MPG)
Population

Recovery

Designation

Recent Avg. 
pHOS (2011- 

2015) 

Expected pHOS

levels* once fully


Implemented

Coast

Grays/Chinook Primary 59% <30.0%

Elochoman/Skamokawa Primary 42% <30.0%

Clatskanie Primary 6% <10.0%

Scappoose Primary 0% <10.0%

Cascade

Lower Cowlitz Primary 7% <30.0%

Coweeman Primary 13% <10.0%

SF Toutle Primary 25% <10.0%

NF Toutle Primary 33% <30.0%

EF Lewis Primary 12% <10.0%

Washougal Contributing 37% <30.0%

Sandy Primary 6% <10.0%

Clackamas Primary 9% <10.0%

*Expected pHOS levels are based on a 4-year average

Table 5. Expected genetic effect levels on ESA-listed steelhead populations potentially affected

by Mitchel Act-funded hatchery programs. 

Steelhead

DPS

Major

Population 

Group (MPG)
Population

Recovery

Designation

Expected Maximum

Gene flow level

from MA programs

once fully


Implemented

Expected Census

pHOS levels* from

MA programs once

fully Implemented

LCR DPS

Cascade (W)

Coweeman Primary <2.0% <5.0%

SF Toutle Primary <2.0% <5.0%

Kalama Primary <2.0%* <5.0%**

Salmon Cr Stabilizing <2.0% <5.0%

Clackamas Primary N/A

Winter program:
<10.0%;

Summer program:
<5.0%

Washougal Contributing <2.0% <5.0%

Sandy Primary N/A

Winter program:
<10.0%;

Summer program:
<5.0%

Cascade (S)
Kalama Primary <2.0%* <5.0%**

Washougal Primary <2.0% <5.0%

Gorge (W) Upper Gorge Stabilizing <2.0% <5.0%

Mid-C 
DPS

Cascade East
Slop Tribs.

Klickitat (S/W) Viable  N/A <5.0%

UCR DPS
East Slope

Cascades

All UCR Pops

(Wenatchee, Methow, 

Entiat, Okanogan)
Viable N/A <5.0%

* Expected pHOS levels are based on a 3-year average

**Expected outcome from the isolated component of the Kalama steelhead programs.
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 In addition to reducing production levels, the hatchery operators will also need to operate

weirs in the following tributaries.  All weirs must be operating before the end of Phase

2.  All hatchery-origin fall Chinook salmon encountered at the weirs will be removed to

better isolate hatchery programs that are not designed to supplement natural-spawning

populations.  Appendix D (Weirs) includes additional information on new proposed weirs

(*).


o Grays River

o Skamokawa River*

o Elochoman River

o Mill Creek*

o Abernathy Creek*

o Germany River*

o South Fork Toutle River*

o Coweeman River

o Cedar Creek

o Washougal River

o Kalama River

 By September 30, 2017, NMFS will work with the hatchery operators, and others as

appropriate, to develop priorities and strategies for Mitchell Act MER

 In addition, NMFS will continue to fund or support the following MER projects (RM&E)


[details can be found in Appendix B of (NMFS 2017)]: 

o Spawning ground surveys and other methods, in the LCR tributaries, to determine


the abundance of natural-origin fish and hatchery-origin fish on the spawning


grounds

o A genetic monitoring project to determine the efficacy of isolated steelhead


programs 

o LCR and tributary fishery monitoring 

o Operation of the North Fork Toutle River Fish Collection Facility


o Kalama River Research Program

 Annual adult and juvenile steelhead monitoring activities in the Kalama,


including adult trapping, marking, smolt trapping, and adult abundance


surveys

o Evaluation of the benefits and risks of juvenile wild fish rescue programs

o Klickitat River fishway and RM&E programs (I&I, BPA)

 By January 1, 2019, NMFS and the operators of the following hatchery facilities, will

develop a plan to address the needs listed in Table 6, including a timeframe for

completion and a plan to secure funding, through Mitchell Act or other sources. 

Table 6. Hatchery facilities that need improvement.

Hatchery Facility Improvement Needed
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Grays River Hatchery  Primary intake does not meet criteria and dewaters section

of stream between intake and hatchery outfall.

Fallert Creek 
Hatchery  

Fallert Creek intake lost in 2016 flood will need to be

updated to meet current criteria and to provide passage for
NOR adults. Mainstem Kalama River pump screens have

been updated but may not meet 2011 criteria

Clackamas Hatchery Mainstem Clackamas River intake does not meet criteria –
new intake in River Mill Dam reservoir expected to be

completed in 2017

Klaskanine Hatchery Mainstem Intake #1 does not meet current criteria, provide

adult passage and Intakes #2 and #3.

NF Toutle Hatchery Surface intake – feasibility study completed in 2012,

awaiting funding.

Beaver Creek 
Hatchery  

Elochoman River intake being upgraded, expected to be

completed in 2017. 

Kalama Falls 
Hatchery 

Intake screens updated in 2006, may not meet 2001

criteria – considered low priority. 

Washougal Hatchery  Intake screens do not meet current criteria 

Klickitat Hatchery Surface intake structure does not meet current criteria –
currently under negotiations on remodel of intake

 The Grays River Hatchery intake has been identified as likely having adverse effects on

ESA-listed fish and designated critical habitat within the West Fork Grays River due to

the general condition of the structure, out-of-criteria screens, and the annual reduction of

flow in the river reach between the intake structure and the hatchery outfall. Due to these

adverse effects, NMFS will direct WDFW to develop a plan to address these effects

by January 1, 2019, and will require that the plan be fully implemented by January 1,

2022 or the operation of the facility will no longer be funded through the Mitchell Act.

 NMFS will consider new proposals for hatchery programs if there are available funds. 
However, all newly funded hatchery programs will need to be reviewed for ESA and

NEPA compliance prior to receiving funding.  If insufficient funds are available to fund

all hatchery programs identified in Table 1, NMFS will consult with the Tribes and States

to review and revise the Mitchell Act program in light of the actual Fiscal Year

appropriation.  NMFS will give good faith consideration to all U.S. v. Oregon parties’

recommendations, the United States trust responsibility to the tribes, and Mitchell Act

history before deciding which Mitchell Act program actions will be funded. 

 Monitoring, evaluation, and reform (RM&E) for Mitchell Act funded hatchery programs

would occur under the selected alternative. NMFS would continue to work with its

regional partners to develop priorities and strategies for Mitchell Act MER (RM&E). 

1.3.3 Implementation of Preferred Alternative in Phase 3 (FY 2023 through FY


2025)

Phase 3 constitutes an adaptive management phase. In Phase 3 NMFS will utilize information

gathered from MER activities that occur in Phase 2 to inform any additional, necessary

modifications to Mitchell Act-funded hatchery programs to ensure they are operated consistent
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with the goals and principles of the preferred policy direction. If any of these modifications result
in effects to ESA-listed species, beyond what is considered in this Opinion, NMFS will review

the modifications for ESA compliance before implementing them.

In Phase 3, NMFS will prioritize FY 2021 through FY 2025 funding for hatchery programs that

received FY 2020 funding as long as they meet all applicable measures included in Phase 1 and

Phase 2, plus the following measures, if applicable to their hatchery program Compliance with

these measures must be demonstrated in a funding proposal submitted to NMFS before a

hatchery operator can receive funds.  Additional measures may be required based on the annual

funding review process, new science, or ESA consultations. 

 All hatchery programs funded through the Mitchell Act will continue to comply with all

terms and conditions identified in any applicable NMFS and/or FWS Opinions.


 To minimize genetic risks from the hatchery programs funded through the Mitchell Act,

to primary and contributing populations of Chinook and coho salmon, and steelhead,

hatchery programs, identified in Table 1, above, may need further modification to size or

operation, based MER (RM&E) results. NMFS will work with the hatchery operators to

further modify the hatchery program operations, as necessary.

 Based on the results of reductions in pHOS in various LCR tributaries, i.e., the response

of the extant natural-origin populations of fall Chinook in the Coast MPG, NMFS will
determine and implement further, necessary changes to the contributing programs,

including:

o Further Program reductions

o Program discontinuation

o Implementing new conservation programs to supplement populations

o Further use of pHOS control measures, such as weirs.

 In addition to maintaining or modifying, where necessary, production levels, the hatchery

operators will also need to continue to operate weirs in the following tributaries, unless

additional program changes or results of monitoring have eliminated the need for the weir

to operate.

  

o Grays River

o Skamokawa River

o Elochoman River

o Mill Creek

o Abernathy Creek

o Germany River

o South Fork Toutle River

o Coweeman River

o Cedar Creek

o Washougal River

o Kalama River
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 NMFS will continue to fund or support the MER (RM&E) projects identified in Phase 1

and Phase 2, as well as any new MER (RM&E) activities developed during Phase 2,

which become essential for effects monitoring.

 NMFS will continue to implement its plan to address the facility upgrades needed (Table

6). Having developed and started a plan (Phase 2) to address the necessary facility

improvements and repairs, to ensure they are operated consistent with the goals and

principles of the preferred policy direction, NMFS and the operators of the hatchery

facilities, will develop a plan to address the needs listed in Table 6, including a timeframe

for completion and a plan to secure funding, through Mitchell Act or other sources.

 NMFS will consider new proposals for hatchery programs if there are available funds. 
However, all newly funded hatchery programs will need to be reviewed for ESA

compliance prior to receiving funding.  If insufficient funds are available to fund all
hatchery programs identified in Table 1, NMFS will consult with the Tribes and States to

review and revise the Mitchell Act program in light of the actual Fiscal Year

appropriation.  NMFS will give good faith consideration to all United States v. Oregon

parties’ recommendations, the United States trust responsibility to the tribes, and Mitchell

Act history before deciding which Mitchell Act program actions will be funded. 

1.4 Action Area

“Action Area” means all areas to be affected directly or indirectly by the Federal Action and not

merely the immediate area involved in the action (50 CFR 402.02).  Therefore the Action Area,

in this case, consists of all the areas where biological and or environmental effects resulting from

NMFS’ administration of Mitchell Act hatchery funding may occur.  This includes rivers,

streams, and hatchery facilities where hatchery-origin salmon and steelhead occur or are

anticipated to occur in the Columbia River Basin, including the Snake River and all other

tributaries of the Columbia River in the United States (U.S.).  This area also includes the

Columbia River estuary6 and plume7.  

The Action Area comprises two salmon recovery domains (the Willamette/Lower Columbia and

the Interior Columbia (IC)) as established by NMFS under its ESA recovery planning


                                                
6 The estuary is broadly defined to include the entire continuum where tidal forces and river flows interact,


regardless of the extent of saltwater intrusion. This geographic scope encompasses areas from Bonneville Dam


(River Mile [RM] 146; River Kilometer [RKm] 235) to the mouth of the Columbia River. The scope includes the


lower portion of the Willamette River (from Willamette Falls, at RM 26.6 [RKm 42.6], to the Willamette’s
confluence with the Columbia River), along with the tidally influenced portions of other tributaries below


Bonneville Dam. This region is that which experiences ocean tides, extending up the Columbia River to Bonneville


Dam and up the Willamette River to Willamette Falls (south of Portland at Oregon City, Oregon) from the mouth of


the Columbia River.
7 The plume is generally defined by a reduced-salinity contour of approximately 31 parts per thousand near the


ocean surface. The plume varies seasonally with discharge, prevailing near-shore winds, and ocean currents. For

purposes of this opinion, the plume is considered to be off the immediate coast of both Oregon and Washington and
to extend outward to the continental shelf. This definition is consistent with the Columbia River Estuary ESA


Recovery Plan Module for Salmon and Steelhead (Appendix D in NMFS 2013e).
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water withdrawals are managed to maintain minimum flow levels within the reach from the

intake to the hatchery outfall that provides for adult and juvenile migration and rearing.

The Vancouver Trout Hatchery does not divert surface water from a body of water known to

contain ESA-listed anadromous fish, and thus its water usage would not have any impact on

critical habitat.  The net pen facilities do not divert surface water, rather they allow for

complete pass through, and thus would not have any impact on critical habitat.

Each facility that is required to operate under a NPDES permit does so, or in the case of the

DRNPs, has applied for a permit. Effluent from each facility is monitored weekly to ensure

compliance with permit requirements. Several acclimation sites do not need a NPDES permit
because rearing levels are below permit minimums (see Section 1.3). Any sediment from the

maintenance of instream structures at hatchery facilities would be localized and temporary and

would not be expected to affect ESA-listed anadromous fish species.

In reviewing the effects of the Proposed Action, on instream habitat, the installation of the

weirs would be expected to have minor impacts on the streambed but these impacts would be

limited to the weir site and would not be permanent. The operation of the weirs and other

hatchery facilities may impact migration PCEs due to delay at these structures and possible

rejection. The number of NOR adults delayed is expected to be small and the delay would be

for only a short period. Impacts on water quality and quantity, NMFS determined that the

impacts from removing up to a possible maximum of 4% water flow for the majority of the

facilities and maintaining minimum flows in the bypass reach during the period of time that

hatchery operations actually withdraw surface water would not be measurable and are not

expected to reduce freshwater rearing habitat area or quality to the levels that would have any

discernable effects on ESA-listed salmon or steelhead juveniles or adults that may be present

in the area adjacent to the facilities during the holding and spawning of hatchery-origin fish for

the hatchery programs listed in Table 1.

2.7 Conclusion

After reviewing and analyzing the current status of the listed species and the critical habitat,

the environmental baseline within the Action Area, the effects of the Proposed Action, any

effects of interrelated and interdependent activities, and cumulative effects, it is NMFS’

biological opinion that the Proposed Action is not likely to jeopardize the continued existence

of any species in Table 9; the Southern DPS of Pacific Eulachon, the SRKW DPS, the LCR
Chinook Salmon, UCR Chinook Salmon Spring-Run, Snake River Chinook Salmon

Spring/Summer-Run, Snake River Chinook Salmon Fall-Run, UWR Chinook Salmon, LCR
Coho Salmon, CR Chum Salmon, and Snake River Sockeye Salmon ESUs, and the LCR
Steelhead, UCR Steelhead, Snake River Basin Steelhead, MCR Steelhead, and UWR
Steelhead DPS, or  destroy or adversely modify any designated critical habitat for these

species. 

2.8 Incidental Take Statement
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Section 9 of the ESA and Federal regulations pursuant to Section 4(d) of the ESA prohibit the

take of endangered and threatened species, respectively, without a special exemption. “Take”

is defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to

attempt to engage in any such conduct. “Harm” is further defined by regulation to include

significant habitat modification or degradation that actually kills or injures fish or wildlife by

significantly impairing essential behavioral patterns, including breeding, spawning, rearing,

migrating, feeding, or sheltering (50 CFR 222.102). “Incidental take” is defined by regulation

as takings that result from, but are not the purpose of, carrying out an otherwise lawful activity

conducted by the Federal agency or applicant (50 CFR 402.02). For the purposes of this
consultation, we interpret “harass” to mean an intentional or negligent action that has the

potential to injure an animal or disrupt its normal behaviors to a point where such behaviors

are abandoned or substantially altered.41  Section 7(b)(4) and Section 7(o)(2) provide that

taking that is incidental to an otherwise lawful agency action is not considered to be prohibited

taking under the ESA if that action is performed in compliance with the terms and conditions

of this ITS.  This ITS applies to funding actions considered under the Mitchell Act that are not

currently covered by other Opinions.


2.8.1 Amount or Extent of Take

In this Opinion, NMFS has determined that the take of ESA-listed species is expected to occur

as a result of the NMFS’ Proposed Action to fund hatchery programs under the Mitchell Act. 
Under the ESA, the term “take” means “to harass, harm, pursue, hunt, shoot, wound, kill, trap,

capture, or collect, or to attempt to engage in any such conduct”, and for the Proposed Action

this would occur when: (1) fish are encountered at weirs and their survival, reproductive

success, or spatial distribution is affected and when fish are handled while collecting hatchery

fish for broodstock purposes – the Proposed Action does not include the take of ESA-listed

natural-origin fish for hatchery broodstock; (2) hatchery fish spawn naturally and when they

spawn on top of (i.e., superimposition) spawning areas of fish from a  natural population; (3)

post-release juvenile hatchery fish use limited food and habitat resources or prey on ESA-
listed natural-origin or non-marked hatchery fish; (4) construction, operation, and maintenance

of hatchery facilities cause harm (e.g., affect fish habitat); (5) RM&E activities handle, injure,

or otherwise effect the survival, reproductive fitness and spatial distribution of the fish; and (6)

through reductions in prey availability to SRKW.


 Encounters with natural-origin and hatchery-origin fish at adult collection
facilities, including the operation of weirs

In the course of collecting hatchery-origin fish for hatchery broodstock, the Proposed Action

will fund activities that result in the annual handling of adult natural-origin fish, by species, as

described in Section 2.4.2 of the Opinion.


                                                
41 NMFS has not adopted a regulatory definition of harassment under the ESA.  The World English Dictionary


defines harass as “to trouble, torment, or confuse by continual persistent attacks, questions, etc.” The U.S. Fish


and Wildlife Service defines “harass” in its regulations as an intentional or negligent act or omission that creates


the likelihood of injury to wildlife by annoying it to such an extent as to significantly disrupt normal behavioral


patterns which include, but are not limited to, breeding, feeding, or sheltering (50 CFR 17.3).  The interpretation

we adopt in this consultation is consistent with our understanding of the dictionary definition of harass and is


consistent with the U.S. Fish and Wildlife interpretation of the term.
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For the purposes of this statement, NMFS proposes to administer funds in a way that the

expected handling associated with the collection of hatchery broodstock will not exceed those

numbers identified in either table listed below (Table 121 or Table 122), and this represents the

quantified level of  take associated with broodstock collection, including the operation of

weirs.  These are fish that volunteer to the respective hatchery facility by watershed, or are

trapped at weirs located at the specified watershed; all natural-origin salmon and steelhead

must be released, unharmed, immediately upstream of the site or transported to the expected

release location. Take associated with the handling identified in the tables below is expected,

including take that results in mortality.

Table 121. Maximum number of natural-origin adults and jacks for each species authorized to

be handled at hatchery facilities funded through the Mitchell Act and the maximum authorized

incidental mortalities resulting from handling at hatchery facilities (assumes a 3% incidental

handling mortality).


Watershed 
Hatchery 
Facility 

Natural- 
Origin fish 

ESUs/DPSs 
expected to be 

collected. 
Number 
handled 

Expected

incidental
mortalities

Mainstem

Columbia River

Bonneville

Hatchery 

Fall
Chinook

LCR Fall Chinook

Salmon; Snake

River Fall Chinook

2,250 <23

Coho LCR Coho Salmon 1,400 <14

Chum CR Chum Salmon 50 1

Steelhead 
LCR, MCR, UCR,

and Snake River 
steelhead

110 <3

Sockeye
Snake River
Sockeye Salmon

<10 1

Ringold Springs Steelhead UCR Steelhead 50 1

Big Creek
Big Creek

Hatchery

Fall 
Chinook 

LCR Fall Chinook

Salmon

200 <3

Coho LCR Coho Salmon 700 <7

Chum CR Chum Salmon 200 <3

Youngs Bay 

Klaskanine 
Hatchery and SF 
Clatsop Co.

Fisheries 
Hatchery

Fall 
Chinook

LCR Fall Chinook

Salmon

20 1

Coho LCR Coho Salmon 120 <3

Chum CR Chum Salmon 10 1

Clackamas 
River 

Clackamas
Hatchery

Steelhead LCR Steelhead 50 1
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Watershed 
Hatchery 
Facility 

Natural- 
Origin fish 

ESUs/DPSs 
expected to be 

collected. 
Number 
handled 

Expected

incidental
mortalities

Spring 
Chinook 

UWR Spring

Chinook Salmon

350 <3

North Fork 
Toutle River 

North Fork 
Toutle Hatchery

Fall 
Chinook 

LCR Fall Chinook

Salmon

2,000 <60

Coho LCR Coho Salmon 10,000 <100

Chum CR Chum Salmon 0 0

Steelhead
LCR Steelhead

(winter)

10 1

Grays River
Grays River
Hatchery

Fall 
Chinook 

LCR Fall Chinook

Salmon

25 1

Coho LCR Coho Salmon 150 <3

Chum CR Chum Salmon 50 1

Elochoman 
River

Beaver Creek

Fall 
Chinook 

LCR Fall Chinook

Salmon

20 1

Coho LCR Coho Salmon 20 1

Chum CR Chum Salmon 20 1

Kalama River

Kalama Falls 
Hatchery and

Fallert Creek 
Hatchery

Fall 
Chinook

LCR Chinook

Salmon

6,000 <60

Spring 
Chinook

LCR Chinook

Salmon

500 <5

Coho LCR Coho Salmon 3,000 <90

Chum CR Chum Salmon 25 1

Steelhead 
LCR Steelhead

(summer and 
winter)

3,400 <34

Washougal
River 

Washougal
Hatchery 

Fall 
Chinook 

LCR Fall Chinook

Salmon

3,000 <30

Coho LCR Coho Salmon 1,000 <10

Chum CR Chum Salmon 25 <1

Skamania

Hatchery

Steelhead 
LCR Steelhead

(summer and 
winter)

400 <5

Klickitat River
Klickitat
Hatchery

Steelhead MCR Steelhead 10 1
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Table 122. Maximum number of natural-origin adults and jacks for each species authorized to
be handled at weirs and the maximum mortality limits (assumes a 3% incidental handling

mortality).

Watershed 
Species 

encountered Number handled 
Expected


mortalities

Grays (MA)

Fall Chinook 750 <23

Coho Salmon 800 <24

Chum Salmon 8,500 <225

Skamokawa 

Fall Chinook 200 <6

Coho Salmon 1,425 <43

Chum Salmon 500 <15

Elochoman (MA) 

Fall Chinook 750 <23

Coho Salmon 800 <24

Chum Salmon 1,000 <30

Mill 

Abernathy 

Germany

Fall Chinook 210 <6

Coho Salmon 1,125 <34

Chum Salmon 250 <8

South Fork Toutle 

Fall Chinook 350 <11

Coho Salmon 5,500 <165

Chum Salmon 250 <8

Summer
Steelhead

50 <2

Coweeman (MA) 

Fall Chinook 1,600 <48

Coho Salmon 800 <24

Chum Salmon 100 <3

Winter

Steelhead

300 <9

Cedar Creek 

Fall Chinook 400 <12

Coho Salmon 1,000 <30

Chum Salmon 250 <8

Summer
Steelhead

50 <2

Washougal (MA) 

Fall Chinook 1,200 <36

Coho Salmon 80 <3

Chum Salmon 250 <8

13660

3-SER-803

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 203 of 300
(807 of 992)



Mitchell Act funding  406


Watershed 
Species 

encountered Number handled 
Expected


mortalities
Summer
Steelhead

100 <3

Kalama (MA) 

Fall Chinook 3,200 <96

Coho Salmon 150 <5

Chum Salmon 250 <8

Summer
Steelhead

200 <6

NF Toutle (MA) 

Fall Chinook 700 <21

Coho Salmon 2,300 <70

Chum Salmon 250 <8

Summer
Steelhead

50 <2

For the purposes of this statement, mortalities during funded broodstock activities will not

exceed those identified in Table 121 or Table 122.  NMFS will report annually the numbers of

adults handled at each funded location and any mortalities incidental to the operation of the

facilities or weirs (see Section 2.8.4).


The operation of weirs is expected to result in take of ESA-listed salmon and steelhead due to

associated factors such as weir rejection, migration delay, and delayed mortality after release

due to collection at the weir (this is in addition to the incidental mortality from handling at the

weirs that is identified in Table 122).  It is not possible to accurately quantify this take because

reliable measurements cannot be made of such factors or their effects. NMFS will therefore

rely on surrogate take indicators, discussed below, that attempt to measure the effects of weir

rejection, migration delay, and delayed mortality due to handling adult salmon or steelhead at

the weirs. These have a rational connection to the amount of take because they reflect

operational delay and the effects of weir operation compared to pre-weir conditions.


These surrogate take indicators will act as triggers for NMFS’ review which may lead to

reinitiation of the ESA consultation or refinement of the Proposed Action. There is a high level

of variability in the natural environment in the rivers and locations for each weir, as they range

from tributaries near the mouth of the Columbia River upstream to tributaries near Bonneville

Dam. Furthermore, even excluding the effects of these types of local environmental conditions

coupled with weather events, there is natural variability due to the factors outside each location

that affect the survival and productivity of the natural-origin populations. These outside factors

affect smolt-to-adult survival as illustrated by the variations in survival manifested in changes

in the abundance of natural-origin adults returning as seen across the years in Section 2.2.1 for

each ESU or DPS. Variability is also seen in things like spawning distribution (Schroeder et al.

2013; Whitman et al. 2014), time of first spawning and peak spawning (Whitman et al. 2014)

for any run of salmon or steelhead. Surrogate take indicators attempt to identify changes to the

natural populations that are due to the operation of the weirs by comparing things such as redd

distribution and pre-spawning mortality before and after the operation of the weirs. Because of
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the natural variability described above, it is difficult to determine if the changes in these types

of comparisons are due to the operation of the weirs or to changes in the natural environment.

Due to this natural variability, for each of the surrogate take indicators below, NMFS will use

a three-year running mean beginning in 2020. NMFS will also monitor annual reports (Section

2.8.4) to determine if the surrogate take indicators have been exceeded in a single year and

whether that exceedance would be such that the three-year moving average could not be

achieved.

 Surrogate for Weir Rejection

Weir operation may affect spawning distribution due to delay and weir rejection (see Section

2.4.1). Weir rejection cannot be reliably observed and quantified, because there is no realistic

way to accurately survey weir rejection as it is occurring. Therefore NMFS will rely on a

surrogate take indicator measuring the extent to which spawning distribution is changing,

likely attributable to the weirs.

Determining and quantifying changes in spawning distribution is a reasonable surrogate for

weir rejection, because weir rejection tends to lead to increased spawning downstream of the

weir. Not all change in distribution is attributable to the presence of weirs, but a change

beyond a certain level likely exceeds natural variability, and therefore can be reasonably

attributed to weirs.  Additionally, changes in spawning distribution can be observed and

measured in a reasonably reliable manner. Therefore, NMFS will be required to ensure

funding recipients monitor spawning distribution in the vicinity of each weir. 

The Proposed Action is expected to result in no more than a 10% relative increase in the

distribution of spawning of natural-origin salmon and steelhead below the weirs. In recent

years, redd distribution has been estimated for specific stream sections (as this is how most
pHOS estimates have been compiled in Section 2.2.1), and comparing the incidence of

spawning in those stream sections can be used to determine if the operation of the weirs is

affecting spawning distribution. The proposed weir locations are generally within the lower

sections of each tributary to the Columbia River. To apprehend changes to spawning

distribution caused by placement of weirs the surrogate take indicator examines the changes in

redd distribution by comparing the proportion of redds observed in each of the survey sections

with the average proportions that were observed during the five year period prior to weir

placement. 

For example, if the five-year running proportion of spawning in a survey section was 40

percent of all spawning in a river took place below where a weir was now placed, then the

extent of take would be exceeded if the proportion increased to 50 percent in the measurement

of spawning distribution in this same reach of the river.  As discussed above, the expected

level of take in the form of changes in spawning distribution caused by the weirs is minimal,

and in any case shall not exceed an absolute increase of 10% in spawning of natural-origin

salmon or steelhead in the lower sections of rivers wherever weirs are placed. Therefore, the

level of incidental take described here attributable to the Proposed Action would be exceeded

when a 3-year running mean of the proportion of redds below a weir site is 110% or more of
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the mean proportion of redds for that same geographic stretch of river  using data 5-years prior

to weir installation.

The surrogate serves as a reasonable and reliable measure of incidental take, because if the

distribution of redds increases in areas now affected by the weirs compared to the average

proportion observed (as a measure of distribution) under natural conditions pre-weir

placement, then it is reasonable to conclude that the weirs are causing this change and that

salmon or steelhead are choosing to spawn below the weir in greater-than-normal numbers and

are doing so because they are having difficulty passing the weirs. Upon reaching such a

threshold, NMFS will propose changes to the operation of the weirs to minimize the effects,

and NMFS will likely require reinitiation of consultation (Section 0). Where weirs are funded

and operated, NMFS will continue to monitor redd distribution within the respective river

annually. As described above, a 3-year running mean, beginning as soon as return year 2020,

will be used for this surrogate take indicator because this will allow for naturally occurring

variations in the proportion of redds in the lower survey sections. 

Surrogate for Migration Delay

Take in the form of migration delay due to weir operations cannot be reliably measured. Data

are not available on many of the salmon or steelhead migration patterns in the rivers where

weirs are to be installed prior to the existence of the weirs. Without knowing what normal

migration patterns were in the past, comparisons to migration timing changes due to the

presence of weirs cannot be reliably established.

NMFS therefore proposes to rely on a surrogate measure of migration delay, consisting of

changes in the date of peak spawning. This is a reasonable surrogate for a delay in migration,

because any such delay would likely cause a later date of peak spawning.42 The date of peak

spawning can be reliably measured using data collected during spawning ground surveys.

To ascertain the changes in peak spawning that are caused by operation of the weirs, the

surrogate take indicator examines the changes in the peak spawning date by comparing the

annual peak spawning date with the range of peak spawning dates observed prior to the

operation of the weirs (2010-2017). Take associated with migration delay would be indicated

by three consecutive years where the peak spawning date is outside the range observed before

weir operation. For example, if the particular population had previously observed peak

spawning from February 20 – March 15, and peak spawning after the installation of weirs was

outside of that date range for three consecutive years, NMFS would consider the take threshold

to have been exceeded.  Even if peak spawning remains within the range, NMFS will monitor

the trend in the peak spawning date to determine if the operation of the weir is shifting the date

away from the pre-weir mean, and may require changes or reinitiate consultation as a result. 

                                                
42 The date of first spawning may be affected by the spawning ground survey schedule and thus NMFS will not


use this as a surrogate take indicator. Spawning ground surveys are not conducted daily and thus the scheduling

of the earlier surveys may affect the detection of the initiation of spawning. NMFS will monitor the date of first


spawning to determine if there is a trend away from the mean observed pre-weir operation.
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The surrogate serves as a reasonable and reliable measure of incidental take, because if the

peak spawning date is continuously outside the range observed under natural conditions before

the weirs were operated, then it is reasonable to conclude that the weirs are causing this change

and that salmon or steelhead have altered their date of peak spawning because they are having

difficulty passing the weirs. Exceedance of the surrogate would trigger NMFS to propose

changes to the operation of the weirs to minimize the effects and NMFS will likely require

reinitiation of consultation (Section 2.10).

Surrogate for Delayed Trapping and Handling Mortality 

As discussed above, trapping and handling salmonids at weirs can result in impacts that are not

manifested until after release. An indication of this delayed mortality is the level of pre-
spawning mortality observed in salmonids following release. Generally, pre-spawning

mortality can be reliably detected and quantified during spawning ground surveys, where

salmon and steelhead carcasses can be used to determine if spawning had occurred prior to

death by examining carcasses for retained eggs. However, pre-spawning mortality can occur

naturally as well, not solely as a result of trapping and handling. 

It is not possible to directly accurately observe and quantify pre-spawning mortality that is
attributed to the Proposed Action, because where carcasses indicate pre-spawning mortality,

there is no evidence as to the precise cause. This is in addition to incidental handling mortality

identified in Table 122. Therefore, NMFS will rely on a surrogate take indicator measuring the

change in pre-spawning mortality from past years before weirs were installed. Specifically, the

surrogate take indicator for delayed mortality after release is an increase in observed pre-
spawning mortality. NMFS expects that the Proposed Action will result in an absolute increase

of no more than 5% in pre-spawning mortality from what was measured during previous
spawning ground surveys prior to the installation and operation of the weirs.  Exceedance of

the surrogate in a single year would trigger NMFS to propose changes to the operation of the

weirs to minimize the effects and NMFS will likely require reinitiation of consultation

(Section 0). This means that if a population experienced an average of 2% pre-spawning

mortality prior to installation of weirs, any single year when the amount reached 7% or higher

would trigger an exceedance of the allowable incidental take.

This surrogate serves as a reasonable and reliable measure of incidental take, because NMFS
expects that the weirs have a minimal effect on pre-spawning mortality, and an absolute

change of 5% will allow for naturally occurring annual variability in pre-spawning mortality

estimates while still providing protection to the ESA-listed salmon or steelhead. NMFS will
ensure, as part of funded salmon or steelhead spawning ground surveys, that funding recipients

will annually monitor and report pre-spawning mortality.

For pre-spawning mortality in rivers where there is not a historical baseline and therefore no

reliable measure for delayed trapping and handling mortality attributable to the operation of

the weirs, NMFS will rely instead on the amount of take by handling at the respective weir.

The number of fish handled is a good indicator of pre-spawning mortality because handling

and delay can both contribute to pre-spawning mortality. Pre-spawning mortality will be

monitored and compared to trends observed to determine if there are impacts from the
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operation of a specific weir. Pre-spawning mortality will be included as part of the annual

spawning survey report. As more data becomes available, NMFS may amend this section to

rely on a pre-spawning mortality take indicator.

 Interactions on the spawning grounds

When hatchery fish are not harvested or do not return to release locations, genetic interactions

with listed fish on the spawning grounds can occur, and the result constitutes take of the

natural populations. It is not possible to ascertain the exact amount of such take, because it is

not possible in most cases to meaningfully observe and measure these genetic interactions. 
NMFS will therefore rely on a surrogate variable, census pHOS (measured over the entire

ESA-listed population), for this form of incidental take. Using pHOS as a surrogate indicator

of take is rational because it relates directly to the form of take – genetic interaction due to

interbreeding – by measuring the presence of hatchery fish available to interbreed with natural-
origin fish. Where available, with respect to steelhead, the surrogate indicator of gene flow

will be used instead of pHOS. 

Note, there are also PNI goals included in the Proposed Action and analyzed in the effects

analysis of this Opinion. Because those goals are not scheduled to be reached until later years,

the PNI goals cannot function in the short term as surrogate indicators of take in this

Statement, instead of pHOS. However, those remain expected actions, and changes to PNI

goals or the ability of hatchery programs to meet PNI goals could constitute a change that

leads to reinitiation of this consultation.

The pHOS estimates to be used, as described below, are running arithmetic means.  During the

course of this consultation, funding grantees such as WDFW have expressed concern over the

accuracy of pHOS estimation and have suggested alternatives (WDFW 2016b).  There was

insufficient time to explore this during the consultation, and NMFS will complete this task of

exploring different methods for estimating genetic interactions between hatchery and natural-
origin fish during the next six months.  The result may be an amendment of the pHOS

estimation methodology described below that will provide the same or a better level of

protection to the resource as the simple running means, or the replacement of certain threshold

in consultations on subsequent Mitchell Act funding distributions.  If a better methodology to

estimate genetic interactions is found, it will be used rather than the methods described below. 
For the present, however, NMFS intends the surrogate take variable to be estimated and

evaluated as follows:

Chinook salmon

a) Given the age structure of Chinook salmon, the pHOS for a natural population

will be calculated as a four-year running arithmetic mean, with year 1 being the

first year in which effects of pHOS reduction measures (weir actions and/ or
program changes) can be expected to occur. NMFS will determine annually

whether take has been exceeded after four years of data become available,

unless NMFS determines after two years (of the four-year running mean period)

that pHOS is so high that attainment of the mean across four years is not a
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reasonable expectation, in which case NMFS will declare the threshold to have

been exceeded at that time. Therefore, incidental take by interactions on the

spawning grounds of individual populations shall not exceed the following

limits:

Table 123. Maximum Chinook salmon pHOS limits by ESA-listed natural population into

which hatchery Chinook salmon originating from Mitchell Act funded hatchery programs are
known to stray.

Population  

Chinook salmon program
type contributing to pHOS 

in population 
pHOS
limit

Grays/Chinook Rivers Isolated fall 50%

Elochoman/Skamokawa Rivers Isolated fall 50%

Mill/Abernathy/Germany Creeks Isolated fall 50%

Coweeman River Isolated fall 10%

Lower Cowlitz River Integrated fall 30%

Toutle River Integrated fall 30%

Lewis River Isolated fall 10%

Washougal River Integrated fall 30%

Kalama River Isolated spring 10%

Clackamas River Isolated spring 10%

Coho salmon

a) Given the age-structure of coho salmon, the pHOS for a natural population will
be calculated as a three-year running arithmetic mean, with year 1 being the

first year in which effects of pHOS reduction measures (weir actions and/ or
program changes) can be expected to occur. NMFS will determine annually

whether take has been exceeded once three years of data become available,
unless NMFS determines after two years (of the three-year running mean

period) that pHOS is so high that attainment of the mean across three years is

not a reasonable expectation, in which case NMFS will declare the threshold to

have been exceeded at that time.  Therefore, incidental take by interactions on

the spawning grounds shall not exceed the following limits:

Table 124. Maximum coho salmon pHOS limits by ESA-listed natural population where

hatchery coho salmon originating from Mitchell Act funded hatchery programs are known to

stray.

Population 

Coho salmon
program type


contributing to

pHOS in

population pHOS limit
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Grays/Chinook Rivers Integrated  30%

Elochoman/Skamokawa Rivers Integrated  30%

Clatskanie River Isolated  10%

Scappoose River Isolated  10%

Lower Cowlitz River Integrated late  30%

Coweeman River Isolated  10%

South Fork Toutle Isolated  10%

North Fork Toutle Integrated late  30%

East Fork Lewis Isolated  10%

Washougal River Integrated late  30%

Clackamas River Isolated late  10%

Steelhead

While pHOS serves as a reasonable and reliable measure of incidental take for salmon species,

for steelhead, where the discussion of impacts has become more sharply focused due to the use

of stocks that have been selectively bred for an altered life history (Chambers Cr., Skamania,

and the new Kalama stock that will be developed as part of the Proposed Action), actual

measures of gene flow have emerged as a take surrogate for these types of programs. 
Therefore, the preferred take surrogate for populations influenced by these types of stocks is

usually gene flow, not pHOS.  However, this approach has so far only been applied in Puget

Sound. Measurement of gene flow from isolated hatchery programs in natural populations

affected by Mitchell Act funded hatchery programs has not been attempted, and at this point it
is not clear how feasible or successful it will be.  Because of this and other complications, as

discussed in Section 2.4.2.2.2, we have explored the relationship between pHOS and gene

flow, and have determined that over a fairly wide range of conditions a census level pHOS of

0.05 will serve as an adequately conservative alternative to the 2% gene flow surrogate. This

means that any exceedance of the pHOS limit, where the gene flow limit has not been

calculated, will exceed the allowable take under this Statement.  In situations where gene flow

is calculated, the limit of pHOS is relegated to limits established for ecological effects
discussed below.  For other isolated programs and for integrated programs, the same maximum

pHOS levels are used as take surrogates for Chinook and coho salmon.  Compilation and

consideration of the take metric will be as for Chinook and coho salmon, on a four-year time

scale.  As for those two species, for natural populations influenced by integrated programs,

PNI is expected to be at least 67% within three generations, in this case 12 years.  Authorized

take levels are presented in Table Table 125.

Table 125. Maximum steelhead gene flow and pHOS limits by ESA-listed natural population

where hatchery steelhead originating from Mitchell Act funded hatchery programs are known

to stray.

Population 
Program type 

contributing to 
Gene flow 

limit 
Census pHOS


limit
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genetic effects in
population

Coweeman Isolated <2.0% <5.0%

SF Toutle Isolated <2.0% <5.0%

Kalama Isolated/integrated <2.0%* <5.0%**

Salmon Cr Isolated <2.0% <5.0%

Clackamas 
Integrated winter; 
isolated summer 

N/A

Winter:

<10.0%;
Summer:


<5.0%

Washougal Isolated <2.0% <5.0%

Upper Gorge Isolated <2.0% <5.0%

Klickitat (S/W) Isolated N/A <5.0%

All UCR Pops

(Wenatchee,


Methow, Entiat,

Okanogan)

Isolated N/A <5.0%

**Expected outcome from the isolated component of the Kalama steelhead programs.

NMFS is authorized to issue funds for operators that return stray hatchery-origin fish to their

hatchery of origin or, alternatively, use the fish for human consumption, stream fertilization, or

to support tribal or recreational harvest in areas not accessible to anadromous salmonids.

NMFS understands that the running mean calculations will not result in measurements for a

number of years after the implementation of the Proposed Action. However, since genetic

effects result from returning hatchery adults, the effects of the Proposed Action (2016 funding

and later) relating to genetic interactions will not take place any sooner than the average time

frames described specific to each species running mean calculation. Moreover, the running

average will likely be a useful tool into the future beyond the term of this Opinion, since the

Mitchell Act program has been in effect for many years, and on that basis one might expect it

to continue.


 Interactions in juvenile rearing and migration areas

Incidental take of ESA-listed salmon and steelhead is expected to occur in the form of

interactions between juvenile hatchery and natural-origin fish in juvenile rearing and migratory

areas. This form of take concerns interactions (predation, competition, or pathogen

transmission, collectively referred to as ecological interactions) between juvenile salmon and

steelhead and juvenile hatchery fish.   This occurs as smolts emigrate from hatcheries and

acclimation ponds and likely transit through the migratory fresh, brackish, and marine waters

of the Action Area or as hatchery fish residualize and remain behind. However, it is difficult to

quantify this take because ecological interactions cannot be observed directly. NMFS will
therefore rely on surrogate take indicators.  These take surrogates all work in conjunction with

each other.


13668

3-SER-811

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 211 of 300
(815 of 992)



Mitchell Act funding  414


The first take surrogate is the date of release. This standard has a rational connection to the

amount of take expected from ecological interactions because the potential for adverse

ecological interactions increases as more overlap occurs between hatchery and natural-origin

fish, specifically hatchery-origin yearling fish, for the reasons discussed in Section 2.4.2.3. For

this take surrogate, releases of salmon or steelhead yearling smolts should take place after the

majority of natural-origin salmon and steelhead have exited the system or have grown to a size

in the estuary that they are less likely to be predated upon. NMFS considers, for the purpose of

this take surrogate, that the amount of incidental take associated with the release date will have

been exceeded if hatchery yearling smolts are released prior to the last week of March for

released downstream of McNary Dam, unless the operator has first sought and obtained NMFS
concurrence that an earlier smolt release will not increase the temporal overlap with natural-
origin fish. The location of release here is associated with the travel time expected to reach the

estuary.  Absent this showing and NMFS concurrence, releases before the last week of March

would result in take beyond the level of this estimate. If NMFS receives information that the

emigration of a majority of natural-origin juveniles has shifted to a later time, NMFS will
revisit this take surrogate.

A second surrogate estimate of the incidental take caused by ecological interactions is the size

of smolt releases. Again, because ecological interactions cannot be observed, NMFS is relying

on a series of surrogate measurements. In addition to the timing of releases that determine the

extent of potential interaction between hatchery and natural-origin fish, the quantity of fish

released, the release location, and the size of smolts released all relate directly to the potential

for take through this pathway. As the number of smolts released increases, so does the extent

of potential interaction. The choice of location for the release also determines the extent of

potential interaction. Finally, the size of the smolts released relates directly to the extent to

which any interactions result in harm or mortality to natural-origin fish, because the larger a

smolt is upon release, the more likely it could out-compete or prey on others. The limits

imposed through these surrogates are as follows:

 Any single release of smolts in numbers that exceed 105% of the targeted release

number identified above will be considered to have exceeded the expected incidental

take through ecological interactions;

 Any five-year average calculation of smolt releases that exceed 102% of the applicable

targeted release number identified above will be considered to have exceeded the

expected incidental take through ecological interactions;

 Any change in release location from the locations identified in the HGMPs for the

programs included in the Proposed Action will be considered to have exceeded the

expected incidental take through ecological interactions;

 Any change from the planned average size of fish released for each program in the

Proposed Action will be considered to have exceeded the expected incidental take

through ecological interactions.

Finally, take may occur through ecological interactions where hatchery fish residualize and

remain in fresh water. This too cannot be reliably observed and quantified, therefore NMFS
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will rely on a take surrogate consisting of the proportion of hatchery-origin fish that are

precocially mature prior to release. This standard has a rational connection to the amount of

take expected from ecological interactions because precocious fish are more likely to

residualize after release from the hatchery, which would place them in contact with natural-
origin fish of a size that makes them vulnerable to predation. The take surrogate can be

reliably measured and monitored through assessment of precocious maturation rates prior to

releasing each proposed yearling release.  While temperatures during rearing of hatchery fish

are known to affect maturation and smolting rates, this take limit is also subject to variation

similar to release size, given hatchery survival varies with environmental conditions, which

necessitates tracking both single-year changes as well as using a running average. 

The incidental take through ecological interactions relating specifically to residualization shall
have been exceeded if the percent of yearling releases that are determined to be precocially

mature exceeds 5% in any one year, or if the 5-year average exceeds 3% at any time.  These

are levels known to occur through review of other yearling programs (IDFG 2003). 

These take surrogates can be reliably measured and monitored through enumeration and

tracking of release dates and numbers for hatchery salmon and steelhead. Each of these

surrogates represents an independent threshold, meaning that exceedance of any one of these

surrogates would result in the applicable program having exceeded the incidental take limits

included in this Statement, likely necessitating the reinitiation of consultation.

 Construction, operation, and maintenance of hatchery facilities (e.g., water

intake structures)

NMFS determined that funding hatchery facility operations, resulting in water withdrawals as

the result of the operation of individual hatcheries, acclimation facilities and the intake

structures, is also expected to cause incidental take of ESA-listed anadromous fish primarily

through water withdrawals, where harm can occur when stream flows are reduced by water

withdrawals, reducing the quality and quantity of rearing habitat, and inhibiting migration (See

Section 2.4.2.5) 

It would not be possible to accurately assign take of ESA-listed species to facility effects if

operated as described above, since the minimal change in water quality and quantity will be

just one factor facing anadromous fish in the river; nor would it be possible to quantify such

take, since the effects of water withdrawals on individual fish cannot be detected and counted.

Therefore, NMFS will rely on surrogate take indicators for both the water quality and water

quantity take pathways. 

Regarding water quantity and take resulting from water withdrawals, the surrogate take

indicator is water withdrawals will not exceed the current established surface-water right, as

limited by minimum instream flow requirements, during any time the hatchery facility is in

operation. This level has a rational connection to the amount of take because either taking

more water than is described in a water right, or reducing instream flows below minimums,

reflects potential changes to the hydrograph of the river where a hatchery facility is located
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which, if exceeded, are likely to result in a greater amount of take of salmonids or affect

designated critical habitat than what is expected to occur under the Proposed Action. This

surrogate will be measured by the hatchery operators through monitoring surface water

withdrawal levels and through monitoring surface water flows within the stream section

between the intake and the hatchery outfall, by month, as measured in cubic feet per second

(cfs). 

Regarding water quality and potential take through the effects of effluent discharges, the

surrogate take indicator is any effluent discharge that exceeds any applicable water quality

standard or any term of the NPDES permit issued.  Any concurrent effluent discharge NPDES
permit violations, or more than two non-concurrent violations, that occur during any five year

timespan following the issuance of this Opinion would be considered to have exceeded the

level of incidental take from this pathway. This standard has a rational connection to the

amount of take because water quality standards are designed to limit discharges into

waterways which would result in harm to fish, wildlife and other beneficial uses, and the

established limits represent the effects and related take levels expected to result from the

Proposed Action.


These surrogates serve as reasonable and reliable measures of incidental take, because the

water withdrawals directly cause the take at issue, and are measurable because the hatchery

facilities that receive funds as part of the Proposed Action will be required to record and report

annual water usage in terms of their percentage withdrawn from their sources and NPDES
permit compliance as part of its reporting requirements to NMFS.

 Research, Monitoring, and Evaluation (RM&E)

NMFS determined that the proposed RM&E activities funded through the Proposed Action are

expected to directly and incidentally take juvenile and adult ESA-listed anadromous fish
(Section 2.4.2) which will negatively affect the populations encountered.  The take associated

with the proposed RM&E activities is necessary to verify the Opinion’s analysis of effects,

compliance with established terms and conditions, and to monitor the status of the natural-
origin populations affected by the hatchery programs.  The Opinion evaluated nine different

RM&E activities as part of the Proposed Action, and each has specific details related to the

take expected to occur.

Take in the form of delayed or displaced natural spawning resulting from surveys for spawner

distribution and for redd superimposition is not likely to occur. Therefore no take is expected

in the LCR tributaries, during surveys determing the abundance of natural-origin fish and

hatchery-origin fish on the spawning grounds or during similar surveys in the Klickitat River. 
Also, as verified through reporting, take is not expected to occur during LCR and tributary

fishery monitoring monitoring activites or monitoring of the Nez Perce Tribe’s Snake River

Coho Salmon Restoration Program activities, which are both funded through the Proposed

Action.  NMFS continues to expect no level of take to occur during these activities.
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NMFS expects that the Proposed Action will result in incidental take in the form of the

expected encounters and mortalities associated with the following categories of RM&E: 

a. Category: A genetic monitoring project to determine the efficacy of isolated

steelhead programs.

NMFS shall administer funds for these programs associated with this category of RM&E in a

way that the extent of incidental take through the expected encounters and mortalities will not

exceed the limits identified in the following table(s).

Table 126. The maximum number of natural-origin juvenile fish handled or killed during

activities associated with genetic monitoring activities to determine the efficacy of isolated

steelhead programs funded through the Mitchell Act.

Species Watershed (State)
Handled Mortality

Juveniles

Chinook (spring) Kalama (WA) 2,000 80

Chinook (fall) 

Grays/Chinook (WA) 10,000 400

Elochoman/ 

Skamokawa (WA)

10,000 400

Toutle (WA) 20,000 800

Coweeman  (WA) 10,000 400

Kalama (WA) 8,000 320

Lewis (WA) 10,000 400

Salmon (WA) 10,000 400

Washougal (WA) 10,000 400

Coho 

Grays/Chinook (WA) 10,000 400

Elochoman/

Skamokawa (WA)
10,000 400

Toutle (WA) 20,000 800

Coweeman  (WA) 10,000 400

Kalama (WA) 8,000 320

Lewis (WA) 10,000 400

Salmon (WA) 10,000 400

Washougal (WA) 10,000 400

Chum

Grays/Chinook (WA) 100 400

Elochoman/

Skamokawa
(WA)
10,000
 400


Toutle (WA) 20,000
 800


Coweeman  (WA) 10,000 400

Kalama (WA) 8,000 320

Steelhead

(summer)

Kalama
(WA)
 7,400
 104


EF Lewis
(WA) 7,400
 104


Washougal
(WA) 7,400
 104


Steelhead (winter)
SF Toutle
(WA) 14,800
 208


NF Toutle
(WA) 14,800
 208
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Coweeman (WA) 14,800 208

Kalama (WA) 7,400 104

EF Lewis (WA) 7,400 104

Salmon Creek (WA) 14,800 208

Washougal (WA) 7,400 104

b. Category: Kalama River Research Program.
NMFS shall administer funds for this programs associated with this category of

RM&E in a way that the extent of incidental take through the expected

encounters and mortalities will not exceed those identified in the following

table(s).

Table 127. The maximum number of natural-origin juvenile and adult fish handled or killed

during activities associated with the Kalama River Research activities funded through the

Mitchell Act.

Species Watershed (State) Handled Mortality Handled Mortality

Juveniles Adults

Chinook Kalama (WA) 1,330 <67 502 <13

Coho Kalama (WA) 1,300 <65 0 0

Steelhead (summer) Kalama (WA) 8,000 <550 1,552 <21

Steelhead (winter) Kalama (WA) 8,000 <550 1,012 1<16

c. Category: Operation of the North Fork Toutle River Fish Collection Facility

NMFS shall administer funds for this programs associated with this category of

RM&E in a way that the extent of incidental take through the expected

encounters and mortalities will not exceed those identified in the following

table.


Table 128. The maximum number of natural-origin adult fish handled or killed during

activities associated with the operation of the North Fork Toutle River Fish Collection Facility

funded through the Mitchell Act.

Species Watershed (State) Handled Mortality

Adults

Chinook North Toutle (WA) 50 1

Coho North Toutle (WA) 1,000 <20

Steelhead (summer) North Toutle (WA) 25 1

Steelhead (winter) North Toutle (WA) 650 <13

d. Category: Evaluation of the benefits and risks of juvenile wild fish rescue

programs.
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NMFS shall administer funds for programs associated with this category of
RM&E in a way that the extent of incidental take through the expected

encounters and mortalities will not exceed those identified in the following

table.


Table 129. The maximum number of natural-origin juvenile fish handled or killed during

activities in Mason Creek, Rock Creek of the East Fork Lewis River, Mill Creek of the East

Fork Lewis River, and Mill Creek of Salmon Creek associated with evaluation of the benefits

and risks of juvenile wild fish rescue programs funded through the Mitchell Act.

Species Watershed (State) Handled Mortality

Juveniles

Chinook (fall)
Lewis
(WA) 10,000
 <20


Salmon
(WA) 10,000
 <20


Coho
Lewis
(WA) 17,000
 <540


Salmon
(WA) 15,000
 <540


Chum
Lewis
(WA) 10
 1


Salmon
(WA) 10
 1


Steelhead (summer) EF Lewis (WA) 7,400 <104

Steelhead (winter)
EF Lewis
(WA)
 14,800
 <208


Salmon
Creek
(WA) 14,800
 <208


e. Category: Klickitat River fishway

NMFS shall administer funds for this programs associated with this category of

RM&E in a way that the extent of incidental take through the expected

encounters and mortalities will not exceed those identified in the following

table.


Table 130. The maximum number of natural-origin juvenile and adult fish handled or killed

during activities associated with the Klickitat River fishway monitoring activities funded

through the Mitchell Act.

Species Watershed (State) Handled Mortality Handled Mortality

Juveniles Adults

Steelhead Klickitat 2,150 <100 1,005 <26

NMFS shall fund RM&E programs in this category that adhere to annual

described methods for performing spawning ground surveys.

Consequently, these numbers, by category, represent the expected take associated with each

component of RM&E resulting from funding through the Proposed Action. For the purposes of

this statement, encounters and/ or mortalities will not exceed those identified above and

represent the quantified level of expected take associated with RM&E activities.
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 Reductions in prey availability

The reduction in production of Columbia River hatchery Chinook salmon that would occur

under the Proposed Action could result in some level of harm to SRKW by reducing prey

availability, which may cause animals to forage for longer periods, travel to alternate locations,

or abandon foraging efforts. The extent of take from this adverse impact is not anticipated to

cause take by serious injury or mortality. However, the Proposed Action is expected to result
in take in the form of a reduction in available prey. Take by prey reduction cannot be

observed; therefore, NMFS will rely on a surrogate measurement of take, in the form of the

extent of reduction to adult Chinook salmon populations in the localized area off the mouth of

the Columbia River. 

The extent of take expected to result from the Proposed Action, as measured by the surrogate,

is up to a 4% reduction in adult Chinook salmon abundance immediately off the Columbia

River which is attributable to the Proposed Action. This level of take can be reliably measured

by calculating the adult equivalents (smolts released multiplied by the expected adult survival

estimate) annually produced from hatchery Chinook salmon releases funded through the

Proposed Action. The reduction was estimated based on the adult equivalents resulting from

reduced hatchery production in the context of the escapement forecasts for Columbia River

Chinook salmon stocks ranging from approximately 741,000 to 1,960,800 fish.  

2.8.2 Effect of the Take

In Section 2.7 NMFS concluded that the level of anticipated take, coupled with other effects of

the Proposed Action, is not likely to jeopardize any species in Table 9; the Southern DPS of

Pacific Eulachon, the SRKW DPS, the LCR Chinook Salmon, UCR Chinook Salmon Spring-
Run, Snake River Chinook Salmon Spring/Summer-Run, Snake River Chinook Salmon Fall-
Run, UWR Chinook Salmon, LCR Coho Salmon, CR Chum Salmon, and Snake River

Sockeye Salmon ESUs, and the LCR Steelhead, UCR Steelhead, Snake River Basin Steelhead,

MCR Steelhead, and UWR Steelhead DPSs or destroy or adversely modify their designated

critical habitat.

2.8.3 Reasonable and Prudent Measures

“Reasonable and prudent measures” are nondiscretionary measures to minimize the amount or

extent of incidental take (50 CFR 402.02).  “Terms and conditions” implement the reasonable

and prudent measures (50 CFR 402.14).  These must be carried out for the exemption in

Section 7(a)(2) to apply. 

NMFS concludes that the following reasonable and prudent measures are necessary and

appropriate to minimize incidental take.  This Opinion requires that Action Agencies, NMFS
to:
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1. Administer Mitchell Act funds for implementing the hatchery programs and operating

the hatchery facilities as described in the Proposed Action (Section 1.3), and in the

supplemented Biological Assessment.

2. Ensure that interactions on the spawning grounds with natural-origin fish from

hatchery-origin fish produced through Mitchell Act funded hatchery programs are kept

to the lowest feasible levels.


3. Ensure that broodstock practices result in no out-of-MPG broodstock fish produced

through Mitchell Act funded hatchery programs are released in areas of LCR ESA-
listed conspecific fish.

4. Ensure that studies to address critical research needs to better understand the effects of

ecological interactions are implemented.

5. Limit the co-occurrence and any resulting competition and predation caused by

hatchery fish to lowest feasible levels.

6. Ensure that take resulting from encounters at adult collection facilities and from the

operation of weirs in each tributary basin is minimized.


7. Ensure that hatchery facility water withdrawal screening and facility operations

minimize effects on ESA-listed fish and designated critical habitat.

8. Provide reports to SFD annually for all funded hatchery operations, and for all RM&E

activities associated with the Proposed Action.

9. Comply with all of the ESA requirements and provisions in the Incidental Take

Statement.

2.8.4 Terms and Conditions

The terms and conditions described below are non-discretionary, and the Action Agencies

must comply with them in order to implement the reasonable and prudent measures (50 CFR
402.14).  The Action Agencies have a continuing duty to monitor the impacts of incidental

take and must report the progress of the action and its impact on the species as specified in this
incidental take statement (50 CFR 402.14).  If the following terms and conditions are not

complied with, the protective coverage of Section 7(o)(2) will lapse.  This Opinion requires

that the action agencies (NMFS) to:

1. Administer Mitchell Act funds for implementing the hatchery programs and operating

the hatchery facilities as described in the Proposed Action (Section 1.3), and in the

supplemented Biological Assessment:
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a. Notify NMFS’ SFD, in advance (at least one-month before), any changes in

funding administration that result in changes to the Proposed Action.

b. Notify NMFS’ SFD in in advance (at least one-month before), any changes in

hatchery program operations and implementation.

2. Ensure that interactions on the spawning grounds with natural-origin fish from

hatchery-origin fish produced through Mitchell Act funded hatchery programs are kept

to the lowest feasible levels):

a. NMFS shall ensure that the funding grantee annually submits pHOS survey

protocols, gene flow monitoring methods, and RM&E protocols and statements

of work on or before January 1 of each year for NMFS concurrence on or

before March 1 of each year. 

b. NMFS shall ensure administration of funds through the Mitchell Act results in

adherence to pHOS and gene flow levels in Table 123 through Table 125, weir

and facility trapping and handling levels in Table 121 and Table 122, and

RM&E take at levels specified in Section 2.8.1.6 of the ITS. 

i. NMFS shall require funding grantees to complete a report prior to 2018

demonstrating that programs using the gene flow standard are adhering

to the applicable maximum gene flow or pHOS levels specified

ii. NMFS shall require funding grantees to conduct annual surveys, or

other acceptable methods, to determine the timing, abundance, origin,

and distribution of Chinook, coho, and chum salmon and summer and

winter steelhead that spawn naturally.

c. NMFS shall require, unless otherwise specified in the U.S. v. Oregon agreement

(CRFMA), that all juvenile hatchery fish released from Mitchell Act funded

hatchery programs be visually marked, or other method of identification, and

that operators report annually on the proportion of unmarked fish released from

each Mitchell Act program. 

d. Ensure that within three years of Opinion signature that the genetic risk of

summer steelhead in the Clackamas Basin is clarified

i. NMFS shall develop, within three years of Opinion signature, a policy

on allowable levels of gene flow into salmon and steelhead populations
of hatchery fish with non-native life histories (e.g., summer steelhead

into streams where only winter steelhead naturally occur)

e. NMFS shall require funding grantees to determine pHOS or gene flow in the

Clackamas River winter steelhead natural population attributable to the funding

of hatchery summer steelhead released in the subbasin

f. Ensure that studies are implemented to evaluate the natural production status of

primary Chinook salmon natural populations in the LCR Coast MPG in

response to reduced pHOS.

13677

3-SER-820

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 220 of 300
(824 of 992)



Mitchell Act funding  423


i. Convene a multiagency work group within six months of Opinion
signature to develop research plans, including hypotheses, response

variables, and experimental power 

ii. Ensure that the studies described here are implemented within one year

of Opinion signature


3. Ensure administration of funds through the Mitchell Act results in the following

broodstock practices:

a. No future funding is awarded for rearing and releasing Chambers Creek

steelhead after the 2017 releases (2016 broodyear), for hatchery programs

where ESA-listed steelhead co-occur.

b. No future funding is awarded for any Chinook and coho salmon hatchery

programs that rear or release out-of-MPG hatchery fish in areas of LCR ESA-
listed conspecific fish beginning with FY2019 releases.

4. Ensure that studies are implemented to address critical research needs to better

understand the effects of ecological interactions:

a. Develop specific studies in coordination with the NMFS NWFSC and other

Federal, state and tribal partners to better understand the effects of ecological

interactions on ESA-listed natural-origin salmon and steelhead in freshwater

and marine environments within six months of Opinion signature.

b. Develop a plan within six months of Opinion signature to phase in LCR fall

Chinook and coho salmon program changes over a five-year period to reduce

impacts to SRKW and facilitate salmon ecological interaction research

5. Limit the co-occurrence and any resulting competition and predation caused by

hatchery fish to lowest feasible levels:

a. NMFS shall require funding grantees to report to NMFS the estimated number,

size, release location and proposed release date for all programs funded through

the Proposed Action at least 30 days prior to release.

b. NMFS shall require funding grantees to report to NMFS the estimated

proportion of precocial male smolts released annually from each program. 

c. NMFS shall require funding grantees to notify NMFS when the situation may

warrant the early release of hatchery fish and/or consideration of options for the

handling of infected/diseased fish. 

6. Ensure that take resulting from encounters and broodstock collection facilities and

from the operation of weirs in each tributary basin is minimized:

a. NMFS shall require funding grantees to not exceed the number of ESA-listed

adults encountered and associated incidental mortalities during broodstock

collection activities and to not exceed those numbers provided in Table 121 or

Table 122 for weir operation subject to term and condition 1, described above.
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b. NMFS shall require funding grantees to provide, by April 30th prior to

installation, annual operating plans for weirs described in the Proposed Action.

c. NMFS shall require funding grantees to estimate weir rejection, delay, and
handling mortalities, by species, for each weir as part of RM&E.

7. Ensure that hatchery facility water withdrawal screening and facility operations

minimize effects on ESA-listed fish and designated critical habitat. 

a. Operate surface water withdrawal structures to not exceed established water
rights for that facility and to maintain established minimum flow requirements

for stream sections between the hatchery intake and the hatchery outfall.

b. Operate and maintain intake screening structures to meet NMFS screening

criteria. 

c. Minimize passage delay for natural-origin adult salmonids that encounter

hatchery facility passage barriers.

d. Minimize the operation of intake structures that do not currently meet NMFS
criteria until facilities are upgraded.

e.  By January 1, 2019, develop and submit, for NMFS concurrence, plans for

upgrading intake facilities that do not currently meet NMFS 2011 screening

criteria.


f. NMFS shall ensure implementation of the plan for operation and evaluation of

the proposed Clackamas Hatchery intake as described in the Clackamas

Hatchery Gravity Intake Project, Estacada Lake DDR (ODFW 2016a).

8. NMFS shall annually provide one comprehensive annual report for all Mitchell Act

funded programs to NMFS’ SFD on or before January 31st for the previous fiscal year.

The annual report will include:

a. Numbers of fish released, release dates and locations, and tag/mark information

for each program. 

b. Estimates of the natural spawning distribution, origin, survival and contribution

to fisheries and escapements for fish released for each brood year, for each
program. 

c. Estimates of pHOS and/or gene flow for all natural ESA-listed salmonid

populations that are affected by straying from Mitchell Act funded hatchery

programs.

d. Provide tables for all Mitchell Act funded facilities combined, grouped by State

Authority, that include the duration (in days) of each epizootic and magnitude

(% of production lost).

e. Annual water withdrawals for each hatchery/acclimation facility used by the

Proposed Action and analyzed by this Opinion, including monthly estimates of

the quantity removed and stream flows within the reach between the intake and

hatchery outfall. 
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f. Compliance records with NPDES permitting requirements.

g. The number of fish encountered and killed at each weir and broodstock

collection location including the species, origin (hatchery or natural-origin),

life-stage, and release condition (unharmed, injured, killed).

h. Estimates of weir rejection, delay, and handling related mortality, by species,

for each of the weirs operated under the Proposed Action.

i. Results of RM&E, including important findings, for:

i. The Kalama River Research Program;

ii. Operation of the North Fork Toutle River Fish Collection Facility;

iii. Lower Columbia River and tributary fishery monitoring;

iv. Monitoring of the Nez Perce Tribe’s Snake River coho salmon
Restoration Program;

v. Evaluation of the benefits and risks of juvenile wild fish rescue

programs;

vi. Klickitat River Fishway (Lyle Falls); and

vii. USFWS Hatchery Monitoring Program.

All reports, as well as all other notifications required by this Opinion, shall be

submitted electronically to the SFD point of contact on this program:

James Dixon (360-534-9329, james.dixon@noaa.gov)

Written materials may also be submitted to:

NMFS – West Coast Region
Sustainable Fisheries Division

510 Desmond Drive, SE, Suite 103
Lacey, Washington 98503-1263

9. Comply with all of the ESA requirements and provisions in the Incidental Take

Statement;

NMFS shall require funding grantees to submit letters concurring to the

ESA requirements and provisions in the Incidental Take Statement

2.9 Conservation Recommendations

Section 7(a)(1) of the ESA directs Federal agencies to use their authorities to further the

purposes of the ESA by carrying out conservation programs for the benefit of threatened and

endangered species.  Specifically, conservation recommendations are suggestions regarding

discretionary measures to minimize or avoid adverse effects of a Proposed Action on listed

species or critical habitat (50 CFR 402.02).  NMFS has identified six conservation

recommendations appropriate to the Proposed Action:
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1. WDFW and ODFW, in cooperation with NMFS and other entities, should continue

to investigate the level and impact of genetic interactions between hatchery-
produced salmon and steelhead and ESA-listed Chinook, coho, and chum salmon

and summer and winter steelhead within the LCR Basin to identify additional

methods to minimize these interactions.

2. WDFW and ODFW, in cooperation with NMFS and other entities, should continue

to investigate the level and impact of ecological interactions between hatchery-
produced salmon and steelhead and ESA-listed Chinook, coho, and chum salmon

and summer and winter steelhead within the LCR Basin and identify additional

methods to minimize these interactions.

3. The Kalama River Spring Chinook Salmon Hatchery Program should be converted

to an integrated conservation program.  Currently the hatchery-origin broodstock of

spring Chinook salmon taken at Kalama Falls Hatchery represent the genetic

lineage of the natural-origin population in the Kalama River. The current hatchery

program does not contribute to altering this decline, but could, given its genetic
lineage.

4. NMFS should re-evaluate inclusion of the broodstock from the Kalama River

Spring Chinook Salmon Program in the description of the ESA-listed Kalama River

spring Chinook salmon population in 5 years if the current program has not begun

to incorporate natural-origin fish into the broodstock.

5. NMFS should support that within eight months of Opinion signature a group of

recovery planners in Washington and Oregon is convened to clarify the status and

recovery expectations for the LCR Gorge Chinook and coho salmon MPGs.

6. In the future, NMFS should require funding grantees to submit updated FMEPs

evaluating fishery effects on each LCR Chinook and coho salmon natural

populations for ESA authorization in terminal areas that may have interrelated

fisheries that are implemented as result of the Proposed Action. 

2.10 Reinitiation of Consultation

This concludes formal consultation for NMFS’ administration of appropriated funds

established by the Mitchell Act in the Columbia River Basin as described in Section 1.3.


As 50 CFR 402.16 states, reinitiation of formal consultation is required where discretionary

Federal agency involvement or control over the action has been retained (or is authorized by

law) and if: (1) the amount or extent of incidental take is exceeded, (2) new information

reveals effects of the agency action that may affect listed species or critical habitat in a manner

or to an extent not considered in this Opinion, (3) the agency action is subsequently modified

in a manner that causes an effect on the listed species or critical habitat that was not considered

in this Opinion, or (4) a new species is listed or critical habitat designated that may be affected

by the action.  In addition, site specific reinitiation is required if implementation of different

hatchery operations are funded through the Proposed Action.

2.11 “Not Likely to Adversely Affect” Determinations
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1 ∙ General Information

1.1 Introduction

Many West Coast salmon and steelhead (Oncorhynchus sp.) stocks have declined substantially 

from their historic numbers and now are at a fraction of their historical abundance. There are 

several factors that contribute to these declines, including: overfishing, loss of freshwater and


estuarine habitat, hydropower development, poor ocean conditions, and hatchery practices. These 

factors collectively led to the National Marine Fisheries Service’s (NMFS) listing of 28 salmon


and steelhead stocks in California, Idaho, Oregon, and Washington under the Federal 

Endangered Species Act (ESA). 

The ESA, under section 4(c)(2), directs the Secretary of Commerce to review the listing 

classification of threatened and endangered species at least once every five years. After 

completing this review, the Secretary must determine if any species should be: (1) removed from 

the list; (2) have its status changed from threatened to endangered; or (3) have its status changed


from endangered to threatened. The most recent listing determinations for most salmon and


steelhead occurred in 2005 and 2006. This document describes the results of the review of the 

ESA-listed salmon and steelhead species in Puget Sound including: Puget Sound (PS) Chinook 

salmon, Hood Canal summer-run (HCS) chum salmon, and PS steelhead. 

1.1.1 Background on listing determinations 

The ESA defines species to include subspecies and distinct population segments (DPS) of 

vertebrate species.  A species may be listed as threatened or endangered.  To identify distinct 

population segments of salmon species we apply the “Policy on Applying the Definition of 

Species under the ESA to Pacific Salmon” (56 FR 58612). Under this policy we identify 

population groups that are “evolutionarily significant units” (ESU) within their species. We

consider a group of populations to be an ESU if it is substantially reproductively isolated from 

other populations, and represents an important component in the evolutionary legacy of the 

biological species. We consider an ESU as constituting a DPS and therefore a “species” under 

the ESA. 

To identify DPSs of steelhead, we apply the joint U.S. Fish and Wildlife Service-National

Marine Fisheries Service DPS policy (61 FR 4722) rather than the ESU policy. Under this 

policy, a DPS of steelhead must be discrete from other populations, and it must be significant to


its taxon.

Artificial propagation programs (hatcheries) are common throughout the range of ESA-listed

West Coast salmon and steelhead. Prior to 2005, our policy was to include in the listed ESU or 

DPS only those hatchery fish deemed “essential for conservation” of the species. We revised that 

approach in response to a court decision and on June 28, 2005, announced a final policy 

addressing the role of artificially propagated Pacific salmon and steelhead in listing
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determinations under the ESA (70 FR 37204) (hatchery listing policy). This policy establishes 

criteria for including hatchery stocks in ESUs and DPSs.  In addition, it (1) provides direction for 

considering hatchery fish in extinction risk assessments of ESUs and DPSs; (2) requires that 

hatchery fish determined to be part of an ESU or DPS be included in any listing of the ESU or 

DPS; (3) affirms our commitment to conserving natural salmon and steelhead populations and


the ecosystems upon which they depend; and (4) affirms our commitment to fulfilling trust and


treaty obligations with regard to the harvest of some Pacific salmon and steelhead populations,


consistent with the conservation and recovery of listed salmon ESUs and steelhead DPSs. 

To determine whether a hatchery program is part of an ESU or DPS, and therefore must be


included in the listing, we consider the origins of the hatchery stock, where the hatchery fish are 

released, and the extent to which the hatchery stock has diverged genetically from the donor 

stock. We include within the ESU or DPS (and therefore within the listing) hatchery fish that are 

derived from the population in the area where they are released, and that are no more than


moderately diverged from the local population. 

Because the new hatchery listing policy changed the way we considered hatchery fish in ESA 

listing determinations, we completed new status reviews and ESA listing determinations for

West Coast salmon ESUs on June 28, 2005 (70 FR 37160), and for steelhead DPSs on January 5,


2006 (71 FR 834). On August 15, 2011, we published our status reviews and listing 

determinations for 11 ESUs of Pacific salmon and 6 DPSs of steelhead from the Pacific


Northwest (76 FR 50448). 

1.2 Methodology used to complete the review 

On February 6, 2015, we announced the initiation of five year reviews for 17 ESUs of salmon


and 11 DPSs of steelhead in Oregon, California, Idaho, and Washington (80 FR 6695). We


requested that the public submit new information on these species that has become available 

since our original listing determinations or since the species’ status was last updated. In response 

to our request, we received information from Federal and state agencies, Native American 

Tribes, conservation groups, fishing groups, and individuals. We considered this information, as 

well as information routinely collected by our agency, to complete these five year reviews. 

To complete the reviews, we first asked scientists from our Northwest and Southwest Centers to


collect and analyze new information about ESU and DPS viability. To evaluate viability, our 

scientists used the Viable Salmonid Population (VSP) concept developed by McElhany et al. 

(2000).  The VSP concept evaluates four criteria – abundance, productivity, spatial structure, and


diversity – to assess species viability. Through the application of this concept, the science center 

considered new information for a given ESU or DPS relative to the four salmon and steelhead 

population viability criteria. They also considered new information on ESU and DPS boundaries.


At the end of this process, the science team prepared reports detailing the results of their analyses 

(NWFSC 2015). 
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To further inform the reviews, we also asked salmon management biologists from our West 

Coast Region familiar with hatchery programs to consider new information available since the 

previous listing determinations.  Among other things, they considered hatchery programs that 

have ended, new hatchery programs that have started, changes in the operation of existing 

programs, and scientific data relevant to the degree of divergence of hatchery fish from naturally 

spawning fish in the same area.  They produced a report (Jones 2015) describing their findings. 

Finally, we consulted salmon management biologists from the West Coast Region who are


familiar with hatchery programs, habitat conditions, hydropower operations, and harvest 

management.  In a series of structured meetings, by geographic area, these biologists identified

relevant information and provided their insights on the degree to which circumstances have 

changed for each listed entity. 

In preparing this report, we considered all relevant information, including the work of the 

Northwest Fisheries Science Center (NWFSC 2015); the report of the regional biologists

regarding hatchery programs (Jones 2015); recovery plans for the species in question; technical 

reports prepared in support of recovery plans for the species in question; the listing record 

(including designation of critical habitat and adoption of protective regulations); recent 

biological opinions issued for the salmon and steelhead in Puget Sound; information submitted

by the public and other government agencies; and the information and views provided by the 

geographically based management teams.  The present report describes the agency’s findings 

based on all of the information considered. 

1.3 Background – Summary of Previous Reviews, Statutory and Regulatory
Actions, and Recovery Planning 

1.3.1 Federal Register Notice announcing initiation of this review 

80 FR 6695; February 6, 2015 

1.3.2 Listing history 

Beginning in 1999, NMFS began listing salmonid species in Puget Sound under the ESA.  Over 

the next several years, three species of salmonids in this area were listed as threatened (Table 1). 

Table 1.  Summary of the listing history under the Endangered Species Act for ESUs and DPS in Puget
Sound.  

Salmonid Species ESU/DPS Name Original Listing Revised Listing(s)

Chinook Salmon 

(O. tshawytscha) 

Puget Sound Chinook 
Salmon 

FR Notice: 64 FR 14308 

Date: 3/24/1999 

Classification: 
Threatened 

FR Notice: 70 FR 37160 

Date: 6/28/2005 

Classification: 
Threatened 
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Salmonid Species ESU/DPS Name Original Listing Revised Listing(s)

Chum Salmon 

(O. keta) 

Hood Canal Summer- 
run Chum Salmon 

FR Notice: 64 FR 14508 

Date: 3/25/1999 

Classification: 
Threatened 

FR Notice: 70 FR 37160 

Date: 6/28/2005 

Classification:
Threatened 

Steelhead 

(O. mykiss) 

Puget Sound 
Steelhead 

FR Notice: 72 FR 26722 

Date: 5/11/2007 

Classification:
Threatened 

N/A 

1.3.3 Associated rulemakings 

The ESA requires NMFS to designate critical habitat, to the maximum extent prudent and

determinable, for species it lists under the ESA. Critical habitat is defined as: (1) specific areas

within the geographical area occupied by the species at the time of listing, if they contain

physical or biological features essential to conservation, and those features may require special 

management considerations or protection; and (2) specific areas outside the geographical area 

occupied by the species at the time of listing if the agency determines that the area itself is

essential for conservation. We designated critical habitat for PS Chinook salmon and HCS chum 

salmon in 2005, and for PS steelhead in 2016. 

Section 9 of the ESA prohibits the take of species listed as endangered.  The ESA defines take to 

mean harass, harm, pursue, hunt, shoot, wound, trap, capture, or collect, or attempt to engage in


any such conduct.  For threatened species, the ESA does not automatically prohibit take, but 

instead authorizes the agency to adopt regulations it deems necessary and advisable for species 

conservation including regulations that prohibit take (ESA section 4(d)). In 2000, NMFS 

adopted 4(d) regulations that prohibit take except in specific circumstances. In 2005, we revised 

our 4(d) protective regulations for consistency between ESUs and DPSs, and, to take into


account our hatchery listing policy. In 2008, Puget Sound steelhead were afforded 4(d) 

protection.  

Table 2.  Summary of rulemaking for 4(d) protective regulations and critical habitat for ESUs and DPSs in

Puget Sound.  

Salmonid 
Species 

ESU/DPS Name 4(d) Protective 
Regulations 

Critical Habitat 
Designations

Chinook Salmon 

(O. tshawytscha) 

Puget Sound Chinook 
Salmon 

FR notice: 65 FR 42422 

Date: 7/10/2000 

Revised: 6/28/2005 

(70 FR 37160) 

FR Notice: 70 FR 52630 

Date: 9/2/2005 

Type: Final 
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Salmonid
Species 

ESU/DPS Name 4(d) Protective
Regulations

Critical Habitat 
Designations

Chum Salmon 

(O. keta) 

Hood Canal Summer- 
run Chum Salmon 

FR notice: 65 FR 42422 

Date: 7/10/2000 

Revised: 6/28/2005 

(70 FR 37160) 

FR Notice: 70 FR 52630 

Date: 9/2/2005 

Type: Final 

Steelhead 

(O. mykiss) 

Puget Sound 
Steelhead 

FR Notice: 73 FR 55451 

Date: 9/25/2008 

FR Notice: 81 FR 9252 

Date: 2/24/2016 

Type: Final 

1.3.4 Review History 

Table 3 lists the numerous scientific assessments of the status of the Puget Sound salmon and


steelhead.   These assessments include status reviews conducted by our Northwest Fisheries 

Science Center and technical reports prepared in support of recovery planning for these species. 

Table 3.  Summary of previous scientific assessments for the ESU and DPS in Puget Sound.  

Salmonid Species ESU/DPS Name Document Citation

NWFSC 2015 
Ford et al. 2011 
PSTRT 2006 
Ruckelshaus et al. 2006

Chinook Salmon 
(O. tshawytscha) 

Puget Sound Chinook 
Salmon 

Good et al. 2005 
PSTRT 2005 
PSTRT and SSSG 2003 
PSTRT 2002 
NMFS 1999b 
Myers et al. 1998
NMFS 1998 

NWFSC 2015 
Ford et al. 2011 
Sands et al. 2009 

Chum Salmon
(O. keta) 

Hood Canal Summer-run 
Chum Salmon 

Good et al. 2005 
PSTRT and SSSG 2003 
NMFS 1999a 
NMFS 1999b 
Johnson et al. 1997 
NMFS 1996 
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NWFSC 2015 
Hard et al. 2015 

Steelhead 
(O. mykiss)

Puget Sound Steelhead 
Myers et al. 2015
Ford et al. 2011 
Hard et al. 2007 
NMFS 2005 
Busby et al.1996 

1.3.5 Species’ Recovery Priority Number at Start of 5-year Review Process 

On June 15, 1990, NMFS issued guidelines (55 FR 24296) for assigning listing and recovery 

priorities. For recovery plan development, implementation, and resource allocation, we assess 

three criteria to determine a species’ recovery priority number from 1 (high) to 12 (low): (1) 

magnitude of threat; (2) recovery potential; and (3) conflict with development projects or other 

economic activity (NMFS 2009). Table 4 lists the recovery priority numbers for the subject 

species, as reported in NMFS 2015a. 

1.3.6 Recovery Plan or Outline 

Table 4.  Recovery Priority Number and Endangered Species Act Recovery Plans for the ESUs and DPS in

Puget Sound.  

Salmonid 
Species 

ESU/DPS Name Recovery 
Priority 
Number

Recovery Plans/Outline 

Chinook Salmon 
(O. tshawytscha) 

Puget Sound 
Chinook salmon 

9 

Title: Puget Sound Salmon Recovery Plan 

Available at: 
http://www.westcoast.fisheries.noaa.gov/protect

ed_species/salmon_steelhead/recovery_planning

_and_implementation/puget_sound/puget_sound
_chinook_recovery_plan.html 

Date: January 19, 2007 
Type: Final 
FR Notice: 72 FR 2493 

Chum Salmon
(O. keta) 

Hood Canal 
Summer-run Chum 
salmon 

9 

Title: Hood Canal & Eastern Strait of Juan

de Fuca Summer-run Chum Salmon

Recovery Plan 

Available at: 
http://www.westcoast.fisheries.noaa.gov/protect


ed_species/salmon_steelhead/recovery_planning

_and_implementation/puget_sound/hood_canal_
summer-run_chum_recovery_plan.html 

Date: May 24, 2007 
Type: Final 
FR Notice: 72 FR 29121 
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Salmonid 
Species 

ESU/DPS Name Recovery 
Priority 
Number

Recovery Plans/Outline 

Steelhead 
(O. mykiss) 

Puget Sound 
Steelhead 

7 N/A 
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2 ∙ Review Analysis 

In this section, we review new information to determine whether species’ delineations remain 

appropriate. 

2.1 Delineation of species under the Endangered Species Act

Is the species under review a vertebrate?

ESU/DPS Name YES NO

Puget Sound Chinook Salmon X 

Hood Canal Summer-run Chum Salmon X 

Puget Sound Steelhead X 

Is the species under review listed as an ESU/DPS?

ESU/DPS Name YES NO

Puget Sound Chinook Salmon X 

Hood Canal Summer-run Chum Salmon X 

Puget Sound Steelhead X 

Was the ESU/DPS listed prior to 1996?  

ESU/DPS Name YES NO Date Listed if Prior to 1996

Puget Sound Chinook Salmon X N/A 

Hood Canal Summer-run Chum Salmon X N/A 

Puget Sound Steelhead X N/A 

Prior to this 5-year review, was the ESU/DPS classification reviewed to ensure it meets the 1996 DPS policy 
standards? 

In 1991, NMFS issued a policy on how the agency would delineate DPSs of Pacific salmon for 

listing consideration under the Endangered Species Act (ESA) (56 FR 58612).  Under this policy 

a group of Pacific salmon populations is considered an “evolutionarily significant unit” (ESU) if 

it is substantially reproductively isolated from other con-specific populations, and it represents 

an important component in the evolutionary legacy of the biological species.  The 1996 joint 

NMFS-Fish and Wildlife Service (FWS) Distinct Population Segment (DPS) policy (61 FR

4722) affirmed that a stock (or stocks) of Pacific salmon is considered a DPS if it represents an 

ESU of a biological species.  Accordingly, in listing the Puget Sound steelhead DPS under the 

DPS policy in 2007, we used the joint DPS policy to delineate the DPS under the ESA. 
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2.1.1 Summary of relevant new information regarding the delineation of Puget Sound

ESUs/DPS 

ESU/DPS Boundaries 

This section provides a summary of information presented in NWFSC 2015: Status review 

update for Pacific salmon and steelhead listed under the Endangered Species Act: Pacific


Northwest. 

We found no new information that would justify a change in the boundaries of the PS Chinook


salmon ESU, HCS chum salmon ESU, or the PS steelhead DPS (NWFSC 2015). 

Membership of Hatchery Programs 

In preparing this report, our management biologists reviewed the available information regarding 

hatchery membership of these ESUs and DPS (Jones 2015). They considered changes in


hatchery programs that occurred since the last status review (e.g., some have been terminated 

while others are new) and made recommendations about the inclusion or exclusion of specific 

programs.  They also noted any errors and omissions in the existing descriptions of hatchery 

population membership.  NMFS intends to address any needed changes and corrections via 

separate rulemaking subsequent to the completion of these five-year status reviews. 

For the ESUs and DPS in the Puget Sound Recovery Domain, the following programs are being 

recommended for addition to, or removal from the respective ESUs/DPS: 

PS Chinook Salmon ESU 

The PS Chinook salmon ESU includes all naturally spawned Chinook salmon originating from 

rivers flowing into Puget Sound from the Elwha River (inclusive) eastward, including rivers in


Hood Canal, South Sound, North Sound and the Strait of Georgia. Also, Chinook salmon from 

26 artificial propagation programs: the Kendall Creek Hatchery Program; Marblemount Hatchery 

Program (spring subyearlings and summer-run); Harvey Creek Hatchery Program (summer-run


and fall-run); Whitehorse Springs Pond Program; Wallace River Hatchery Program (yearlings 

and subyearlings); Tulalip Bay Program; Issaquah Hatchery Program; Soos Creek Hatchery 

Program; Icy Creek Hatchery Program; Keta Creek Hatchery Program; White River Hatchery 

Program; White Acclimation Pond Program; Hupp Springs Hatchery Program; Voights Creek

Hatchery Program; Diru Creek Program; Clear Creek Program; Kalama Creek Program; George


Adams Hatchery Program; Rick’s Pond Hatchery Program; Hamma Hamma Hatchery Program; 

Dungeness/Hurd Creek Hatchery Program; Elwha Channel Hatchery Program; and the Skookum 

Creek Hatchery Spring-run Program (79 FR 20802). 

Two hatchery programs have been recommended to be added to the ESU.  The North Fork


Skokomish River (spring-run) hatchery program is a conservation-directed Chinook salmon


program.  The Bernie Kai-Kai Gobin (Tulalip) Hatchery (spring-run) hatchery program is a


harvest augmentation program (Jones 2015). 
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Two hatchery programs have been recommended to be removed from the ESU.  The Rick’s Pond


Hatchery program in the Skokomish River watershed last released juvenile fish in 2012 and the 

last year adults will return to this hatchery is 2016.  The Icy Creek Hatchery is recommended to 

be removed from the ESU and included in the Soos Creek hatchery program (Jones 2015). 

Jones (2015) did not recommend any further review of the existing programs that are identified


as part of the PS Chinook salmon ESU.  We are not aware of any hatchery management practices 

that would result in divergence from the co-occurring, donor natural origin population for these 

programs. 

HCS Chum Salmon ESU 

The HCS chum salmon ESU includes all naturally spawned summer-run chum salmon


originating from Hood Canal and its tributaries as well as from Olympic Peninsula rivers

between Hood Canal and Dungeness Bay (inclusive). Also, summer-run chum salmon from four 

artificial propagation programs:  the Hamma Hamma Fish Hatchery Program; Lilliwaup Creek

Fish Hatchery Program; Tahuya River Program; and the Jimmycomelately Creek Fish Hatchery 

Program (79 FR 20802). 

Two hatchery programs have been recommended to be removed from the ESU.  The Hamma


Hamma Fish Hatchery program has been terminated with the last adult fish produced returning in


2013. The Jimmycomelately Creek Fish Hatchery program has been terminated with the last 

adult fish produced returning in 2015 (Jones 2015). 

Jones (2015) did not recommend any further review of the remaining existing programs that are 

identified as part of the HCS chum salmon ESU.  We are not aware of any hatchery management 

practices that would result in divergence from the co-occurring, donor natural origin population 

for these programs. 

PS Steelhead DPS 

The PS steelhead DPS includes all naturally spawned anadromous O. mykiss (steelhead) 

originating below natural and manmade impassable barriers from rivers flowing into Puget 

Sound from the Elwha River (inclusive) eastward, including rivers in Hood Canal, South Sound,


North Sound and the Strait of Georgia. Also, steelhead from six artificial propagation programs:

the Green River Natural Program; White River Winter Steelhead Supplementation Program;

Hood Canal Steelhead Supplementation Off-station Projects in the Dewatto, Skokomish, and


Duckabush Rivers; and the Lower Elwha Fish Hatchery Wild Steelhead Recovery Program (79 

FR 20802). 

Three hatchery programs that are currently part of the DPS (Hood Canal Supplementation-

Dewatto River, Hood Canal Supplementation-Skokomish River, and Hood Canal 

Supplementation-Duckabush River) have been terminated with the last adult fish produced


returning in 2019. Four other hatchery programs that are not considered part of the DPS were


terminated with the last year’s adult steelhead returning, or will return, in 2009 (Barnaby 
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Slough), 2012 (Whatcom Creek Hatchery), 2014 (Lower Elwha Tribe Hatchery), and 2016 

(Marblemount Hatchery) (Jones 2015). For five other programs producing winter-run steelhead 

not considered part of the DPS (Kendall Creek Hatchery, Whitehorse Pond, Tokul Creek


Hatchery, Reiter Ponds Hatchery, and Dungeness River Hatchery), smolt releases are on hiatus 

pending NMFS determinations regarding program effects on ESA-listed fish. 

One new steelhead program has been proposed for the DPS. The Fish Restoration Facility

winter-run steelhead program propagates winter-run steelhead native to the Green River to


mitigate for lost natural-origin steelhead abundance and harvest levels associated with the


placement and operation of Howard Hanson Dam (Jones 2015). 

Jones (2015) did not recommend any further review of existing programs that are identified as 

part of the PS steelhead DPS.  We are not aware of any hatchery management practices that 

would result in divergence from the co-occurring, donor natural origin population for these 

programs. 

2.2 Recovery Criteria

The ESA requires recovery plans be developed for each listed species. Recovery plans must 

contain, to the maximum extent practicable, objective measureable criteria for delisting the

species, site-specific management actions necessary to recover the species, and time and cost 

estimates for implementing the recovery plan. 

2.2.1 Do the species have final, approved recovery plans containing objective, measurable 

criteria? 

ESU/DPS Name YES NO

Puget Sound Chinook Salmon X 

Hood Canal Summer-run Chum Salmon X 

Puget Sound Steelhead X 

2.2.2 Adequacy of recovery criteria

Based on new information considered during this review, are the recovery criteria still appropriate?

ESU/DPS Name YES NO

Puget Sound Chinook Salmon X 

Hood Canal Summer-run Chum Salmon X 

Puget Sound Steelhead N/A N/A 
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Are all of the listing factors that are relevant to the species addressed in the recovery criteria?

ESU/DPS Name YES NO

Puget Sound Chinook Salmon X 

Hood Canal Summer-run Chum Salmon X 

Puget Sound Steelhead N/A N/A 

2.2.3 List the biological recovery criteria as they appear in the recovery plan 

For the purposes of reproduction, salmon ESUs and steelhead DPSs typically display a 

metapopulation structure (Schtickzelle and Quinn 2007; McElhany et al. 2000).  Rather than


interbreeding as one large aggregation, ESUs and DPSs function as a group of demographically 

independent populations (DIPs) separated by areas of unsuitable spawning habitat.  For 

conservation and management purposes, it is important to identify the independent populations 

that make up an ESU or DPS. 

For the PS Chinook salmon ESU, the Puget Sound Technical Recovery Team (PSTRT) 

identified 22 independent populations (Ruckelshaus et al. 2006) and separated these populations 

into five genetically similar major population groups (MPGs) populations (PSTRT 2002; Good


et al. 2005).  The Shared Strategy for Puget Sound submitted a recovery plan to NMFS in 2005,


and NMFS prepared a final supplement for this recovery plan in 2006 (NMFS 2006).  In 2007,


NMFS adopted the Puget Sound recovery plan which consists of two documents: the Puget 

Sound Salmon Recovery Plan prepared by the Shared Strategy for Puget Sound (the Shared


Strategy Plan; SSPS 2007), and NMFS’ Final Supplement to the Shared Strategy Plan


(Supplement; NMFS 2006) (72 FR 2493). 

For HCS chum salmon ESU, the PSTRT identified two independent populations (Sands et al. 

2009).  The Hood Canal Coordinating Council (HCCC) submitted a recovery plan to NMFS in 

2005, and NMFS prepared a final supplement for this recovery plan in 2007 (NMFS 2007).  The


Recovery Plan consists of two documents: the Hood Canal and Eastern Strait of Juan de Fuca 

Summer Chum Salmon Recovery Plan prepared by the Hood Canal Coordinating Council 

(HCCC Plan; HCCC 2005), and a NMFS Final Supplement to the HCCC Plan (Supplement) (72


FR 29121). 

For the PS steelhead DPS, the Puget Sound Steelhead Technical Recovery Team (PSSTRT) has 

identified populations, MPGs, and their viability criteria (Hard et al. 2015; Myers et al. 2015). In 

2013, NMFS developed a federal recovery outline (NMFS 2013) to guide and document the 

recovery planning process currently underway for the PS steelhead DPS. 

PS Chinook Salmon ESU 

The PS Chinook salmon ESU includes all naturally spawned Chinook salmon originating from 

rivers flowing into Puget Sound from the Elwha River (inclusive) eastward, including rivers in
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Hood Canal, South Sound, North Sound and the Strait of Georgia. This ESU also includes 

Chinook salmon from 26 artificial propagation programs: the Kendall Creek Hatchery Program; 

Marblemount Hatchery Program (spring subyearlings and summer-run); Harvey Creek Hatchery 

Program (summer-run and fall-run); Whitehorse Springs Pond Program; Wallace River Hatchery 

Program (yearlings and subyearlings); Tulalip Bay Program; Issaquah Hatchery Program; Soos 

Creek Hatchery Program; Icy Creek Hatchery Program; Keta Creek Hatchery Program; White


River Hatchery Program; White Acclimation Pond Program; Hupp Springs Hatchery Program; 

Voights Creek Hatchery Program; Diru Creek Program; Clear Creek Program; Kalama Creek 

Program; George Adams Hatchery Program; Rick’s Pond Hatchery Program; Hamma Hamma


Hatchery Program; Dungeness/Hurd Creek Hatchery Program; Elwha Channel Hatchery 

Program; and the Skookum Creek Hatchery Spring-run Program (79 FR 20802; Figure 1).  The


PS Chinook salmon ESU is composed of 31 historically quasi-independent populations, 22 of 

which are extant (Ruckelshaus et al. 2006).  The populations are distributed in five geographic 

regions, or MPGs, identified by the PSTRT (PSTRT 2002) based on similarities in hydrographic,


biogeographic, and geologic characteristics of the Puget Sound basin (NWFSC 2015).  

To lower the extinction risk of the PS Chinook salmon ESU, all existing independent populations 

of Chinook salmon will need to improve from their current condition, and some will need to


attain a low risk status. The PSTRT recommended that viable populations of Chinook salmon be 

spread throughout the region to minimize the risk of a catastrophic loss. The PSTRT also

recommended that at least two to four populations in each of the five biogeographical regions of 

Puget Sound attain a low risk status. To minimize further loss of genetic diversity and life history

characteristics of PS Chinook salmon, the PSTRT recommended at least one population from 

each major genetic and life history group in each of the five regions be viable, based on the 

historical patterns present within that region.

HCS Chum Salmon ESU

The HCS chum salmon ESU includes all naturally spawned summer-run chum salmon


originating from Hood Canal and its tributaries as well as from Olympic Peninsula rivers

between Hood Canal and Dungeness Bay (inclusive). This ESU also includes summer-run chum 

salmon from four artificial propagation programs:  the Hamma Hamma Fish Hatchery Program;

Lilliwaup Creek Fish Hatchery Program; Tahuya River Program; and the Jimmycomelately

Creek Fish Hatchery Program (79 FR 20802; Figure 2).  The PSTRT identified two independent 

populations draining into the Strait of Juan de Fuca, and one which includes spawning 

aggregations within Hood Canal proper (Sands et al. 2009). 

The PSTRT concluded that both historical populations of summer-run chum salmon (Hood


Canal and Strait of Juan de Fuca) (Figure 2) need to achieve a low risk (i.e., viable) status in


order for the ESU to have a negligible risk of extinction. The PSTRT provided viability criteria 

for the two summer-run chum salmon populations (Sands et al. 2009); the criteria describe

characteristics predicted to result in a negligible risk of extinction in the long term (100 years).

Also, state and tribal co-managers implementing the recovery plan adopted interim recovery 

goals for each of the eight stocks that together comprise the two listed HCS chum salmon 

14 

01742

3-SER-848

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 248 of 300
(852 of 992)



  

      

   

      

   

 

5-Year Review: Puget Sound 

NOAA Fisheries 

Figure 1.  Puget Sound Chinook Salmon ESU population structure1 

1 The map above generally shows the accessible and historically accessible areas for the PS Chinook salmon ESU. The area


displayed is consistent with the regulatory description of the boundaries of the PS Chinook salmon found at 50 CFR17.11,

223.102, and 224.102. Actions outside the boundaries shown can affect this ESU. Therefore, these boundaries do not delimit the

entire area that could warrant consideration in recovery planning or determining if an action may affect this ESU for the purposes

of the ESA.
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Figure 2.  Hood Canal Summer-run Chum Salmon ESU population structure2 

2 The map above generally shows the accessible and historically accessible areas for the Hood Canal summer-run chum salmon

ESU. The area displayed is consistent with the regulatory description of the boundaries of this ESU found at 50 CFR17.11,

223.102, and 224.102. Actions outside the boundaries shown can affect this ESU. Therefore, these boundaries do not delimit the

entire area that could warrant consideration in recovery planning or determining if an action may affect this ESU for the purposes

of the ESA.
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populations. The PSTRT considered the co-managers’ interim stock recovery goals to be


compatible with an intermediate step toward the PSTRT’s long-term viability criteria.

PS Steelhead DPS 

The PS steelhead DPS includes all naturally spawned anadromous O. mykiss (steelhead) 

originating below natural and manmade impassable barriers from rivers flowing into Puget 

Sound from the Elwha River (inclusive) eastward (Figure 3), including rivers in Hood Canal,


South Sound, North Sound and the Strait of Georgia. This DPS also includes steelhead from six 

artificial propagation programs: the Green River Natural Program; White River Winter Steelhead

Supplementation Program; Hood Canal Steelhead Supplementation Off-station Projects in the

Dewatto, Skokomish, and Duckabush Rivers; and the Lower Elwha Fish Hatchery Wild 

Steelhead Recovery Program (79 FR 20802; Figure 3).  Myers et al. (2015) identified three 

MPGs in the PS steelhead DPS: Northern Cascades, Central and South Puget Sound, and Hood


Canal and Strait of Juan de Fuca. The Northern Cascades MPG historically contained 16 DIPs 

(eight winter-run, three summer/winter-run, and five summer-run); the Central and South Puget 

Sound MPG historically contained eight winter-run DIPs; and, the Hood Canal and Strait of Juan


de Fuca MPG historically contained eight DIPs (one summer/winter-run and seven winter-run,


with two of these winter-runs possibly historically including summer-run components). 

The PSSTRT (Hard et al. 2015) developed biological viability criteria for the PS steelhead DPS, 

defining a viable DPS as one that is unlikely (with less than an estimated five percent 

probability) to be at risk of extinction in the foreseeable future and adopting the VSP criterion of 

a 100-year timeline (McElhany et al. 2000) to evaluate risk of extinction. 

For PS steelhead DPS viability (i.e., have a negligible risk of extinction), Hard et al. (2015) 

recommended that the three component MPGs achieve a low risk (i.e., viable) status. For an


MPG to be considered viable, at least 40 percent (rounded up) of its component independent 

populations must be considered viable. Independent populations exhibiting major life history 

strategies (e.g., summer-run vs. winter-run) are considered separate components within an MPG.


Therefore, 40 percent of summer-run populations and 40 percent of winter-run populations 

within an MPG that contains both life history types must be viable. Independent populations 

containing winter-run and summer-run subpopulations predominantly exhibit the winter-run life 

history strategy in Puget Sound are considered winter-run for the purposes of the above 

estimation. For an independent population to be considered viable, its probability of viability 

must be at least 85 percent over 100 years (Hard et al. 2015). 

In order for the three MPGs of the PS Steelhead DPS to be viable and the DPS to have a 

negligible risk of extinction, Hard et al. (2015) recommended: 

•  Both the Central and South Puget Sound MPG, and the Hood Canal and Strait of Juan de Fuca 

MPG, with their eight independent populations each, must have at least four viable independent 

populations with no more than one non-viable independent population. 
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Figure 3. Puget Sound Steelhead DPS population structure3 

3 The map above generally shows the accessible and historically accessible areas for the PS steelhead DPS. The area displayed is 

consistent with the regulatory description of the boundaries of the PS steelhead found at 50 CFR17.11, 223.102, and 224.102.

Actions outside the boundaries shown can affect this DPS. Therefore, these boundaries do not delimit the entire area that could 

warrant consideration in recovery planning or determining if an action may affect this DPS for the purposes of the ESA.
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•  The Northern Cascades MPG with 11 winter-run and five summer-run independent populations 

must have at least five viable winter-run and two viable summer-run independent populations and


no more than one independent population of each life history type that is considered not viable. 

2.3 Updated Information and Current Species’ Status

In addition to recommending recovery criteria, the PSTRT also assessed the current status of 

each population of the listed salmonid ESUs and DPS within the Puget Sound region. Each


population was rated against the biological criteria recommended by the PSTRT identified in the

recovery plans and assigned a current viability rating. Our assessment of PS steelhead is based 

on the existing information developed during recovery planning. 

2.3.1 Analysis of Viable Salmonid Population (VSP) Criteria 

Information provided in this section is summarized from NWFSC 2015—Status review update


for Pacific salmon and steelhead listed under the Endangered Species Act: Pacific Northwest. 

PS Chinook Salmon ESU 

Updated Biological Risk Summary 

All PS Chinook salmon populations are still well below the PSTRT planning ranges for recovery 

escapement levels.  Most populations are also consistently below the spawner-recruit levels 

identified by the PSTRT as consistent with recovery.  Across the ESU, most populations have 

declined in abundance since the last status review in 2011, and indeed, this decline has been


persistent over the past 7 to 10 years.  Productivity remains low in most populations.  Hatchery-

origin spawners are present in high fractions in most populations outside the Skagit watershed,


and in many watersheds the fraction of spawner abundances that are natural-origin have declined


over time.  Habitat monitoring and adaptive management planning efforts to develop monitoring 

plans was undertaken in all individual watersheds of Puget Sound in 2014. Watershed documents 

can be found on the Puget Sound Partnership website.4 These reports and prior annual three-year 

workplans document the many habitat actions that were initially identified in the Puget Sound


Chinook salmon recovery plan.  The expected benefits will take years or decades to produce 

significant improvement in natural population viability parameters.  Development of a 

monitoring and adaptive management program was required by NMFS in the 2007 Supplement 

to the Shared Strategy Recovery Plan, but this program is, as yet, not fully functional for 

providing assessment of watershed habitat restoration/recovery programs, nor of properly 

integrating the essentially discrete habitat, harvest and hatchery programs.  Overall, new 

information on abundance, productivity, spatial structure and diversity since the 2010 review 

does not indicate a change in the biological risk category since the time of the last BRT status

review (NWFSC 2015). 

4 http://www.psp.wa.gov/SR_threeyearworkplan.php
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UNITED STATES DISTRICT COURT 

FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 

__________________________________________  

       ) 

       ) 

WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 

       ) 

  Plaintiff,    ) DECLARATION OF Allyson  

       ) Purcell, National Marine Fisheries 

v.       ) Service, West Coast Region 

       )  

BARRY THOM, et al.,    )  

       )   

Defendants,    )  

       ) 

 and       ) 

       ) 

ALASKA TROLLERS ASSOCIATION,  )  

       ) 

Defendant-Intervenor.   ) 

)  

__________________________________________) 

  

  

  

 

I, Allyson Purcell, declare and state as follows: 
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Introduction 

1.  I am the Branch Chief for the National Marine Fisheries Service’s (NMFS’s) West Coast 

Region’s Anadromous Production and Inland Fisheries Branch.  I have been in this position 

since 2017.  I oversee a team of biologists, who work with hatchery operators across Oregon, 

Washington, and Idaho to ensure their hatchery programs do not jeopardize the survival and 

recovery of species listed under the Endangered Species Act (ESA).  In addition, the 

Anadromous Production and Inland Fisheries Branch administers the Mitchell Act grant 

program, which provides approximately $16 million in annual funding for hatchery programs in 

the Columbia River Basin. 

2.  I have worked for NMFS since 2002.  Since 2002, my primary duties have included 

evaluating salmon and steelhead hatchery programs under the ESA and National Environmental 

Policy Act (NEPA).   

3.  I hold a Master of Science in Fisheries and Allied Aquaculture from Auburn University 

and a Bachelor of Science in Biology from Vanderbilt University. 

4.  In this declaration, I describe the current status of the Pacific Salmon Treaty’s Hatchery 

Production Initiative for Southern Resident killer whales (SRKW).  In preparing for this 

declaration, I have reviewed the 2019 Biological Opinion on the Consultation on the Delegation 

of Management Authority for Specified Salmon Fisheries to the State of Alaska (2019 Opinion). 

I also reviewed the plaintiff’s motion for a preliminary injunction. I have also reviewed Scott 

Rumsey’s declaration prepared on behalf of NMFS’s response to the motion for preliminary 

injunction.   
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The Pacific Salmon Treaty’s Hatchery Production Initiative 

5.  In April 2019, NMFS published the 2019 Opinion. Part of the proposed action evaluated 

in the 2019 Opinion was funding of a conservation program for critical Puget Sound Chinook 

salmon stocks and SRKW. One element of that funding program was to increase the production 

of hatchery Chinook salmon to provide an increase in prey availability for SRKW (the Hatchery 

Production Initiative for SRKW) 

6.  In the 2019 Opinion, NMFS proposed that the Hatchery Production Initiative for SRKW 

would operate each year at a cost of no less than $5.6 million per year, including an adjustment 

for administrative overhead.  The intent of the Hatchery Production Initiative for SRKW was to 

provide a meaningful increase in the abundance of age 3-5 Chinook salmon in the times and 

areas most important to SRKW.  It was estimated that funding at the $5.6 million level would 

result in the increased hatchery production of an additional 20 million juvenile Chinook salmon 

from hatcheries located in Puget Sound, the Columbia River, and coastal Washington areas, 

which would increase the total abundance of age 3-5 Chinook salmon by 4-5 percent in both 

inland areas (Puget Sound) in the summer and coastal areas during the winter.  

7.  As discussed in Scott Rumsey’s declaration, in the 2020 Fiscal Year appropriation, the 

National Oceanic and Atmospheric Administration (NOAA) received $35.5 million from 

Congress for implementation of the 2019 Pacific Salmon Treaty Agreement.  The allocation of 

those funds is described in the Spend Plan described in Scott Rumsey’s declaration.  The Spend 

Plan allocated $19.1 million for ESA conservation related activities, of which $5.6 million was 

allocated for the Hatchery Production Initiative for SRKW.  Thus, funding for the Hatchery 
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Production Initiative was secured in the 2020 Fiscal Year at the levels proposed in the 2019 

Opinion.  Rumsey Decl. ¶¶ 11-14, 17. 

8.  Although the Spend Plan allocated $5.6 million to the Hatchery Production Initiative for 

SRKW, it does not identify the site-specific details of the increased hatchery production (e.g., 

what operators would receive the fiscal year 2020 funding, what stocks of Chinook salmon 

would be raised, what hatcheries would be used, and where the fish would be released).  

Therefore, I and my staff are working with State, Tribal, and Federal hatchery operators in 

Washington, Oregon, and Idaho to identify “candidate” hatchery programs and the site-specific 

details associated with each proposal for increased production as contemplated in the 2019 

Opinion.  The following criteria are being used to identify candidate programs: 

 Increased hatchery production should be for Chinook stocks that are a high priority 

for SRKW (Southern Resident Killer Whale Priority Chinook Stocks Report.  NOAA 

Fisheries West Coast Region and Washington Department of Fish and Wildlife.  June 

22, 2018 (Attachment A); Pacific Fishery Management Council Ad-Hoc SRKW 

Workgroup.  Salmon Fishery Management Plan Impacts to SRKW.  Final Draft. Risk 

Assessment. February 2020 (Attachment B)) 

 Increased production should represent an array of Chinook stocks from different 

geographic areas and run timings (i.e., a portfolio) 

 Increased production cannot jeopardize the survival and recovery of any ESA-listed 

species, including salmon and steelhead 
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 Because of funding and timing constraints, increased production proposals should not 

require major capital upgrades to hatchery facilities 

 All proposals should have co-manager agreement, as applicable 

 All increased production must be reviewed under the ESA and NEPA, as applicable, 

before NMFS funding can be used. 

9.  At this time, NMFS has identified approximately 13 hatchery proposals that are “likely 

candidates” for funding via the Hatchery Production Initiative for SRKW and a second list of 

“alternate candidates.”  If NMFS determines that a hatchery proposal on the “likely candidate” 

list cannot meet all of the above criteria, it will be replaced by a hatchery proposal from the 

“alternate candidate” list.   

10.  Some of the hatchery proposals on the “likely candidate” list have already been analyzed 

under the ESA and NEPA.  For example, in the Green River Basin, NMFS completed a 

biological opinion and Environmental Impact Statement on a proposal to increase Chinook 

production by 2,000,000 juveniles at the Soos Creek Hatchery (Endangered Species Act (ESA) 

Section 7(a)(2) Biological Opinion and Magnuson Stevens Fishery Conservation and 

Management Act Essential Fish Habitat (EFH) Consultation. Ten Hatchery Programs for Salmon 

and Steelhead in the Duwamish/Green River Basin. April 15, 2019. NMFS Consultation No.: 

WCR-2016-00014 (Attachment C); Final Environmental Impact Statement for 10 Salmon and 

Steelhead Hatchery Programs in the Duwamish-Green River Basin. July 2019 (Attachment D)).  

The rest of the likely candidates are expected to meet all of the above criteria, including 
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completion of any applicable ESA and NEPA reviews.  We estimate these to be complete by 

late-August 2020.   

11.  NMFS plans to disburse all $5.6 million, minus administrative fees, in the 2020 Fiscal 

Year, and these funds are expected to result in an increase in the Puget Sound Chinook salmon 

prey available to SRKW within three to five years.  Rumsey Decl. ¶ 16. 

12.  In addition to the funds that NMFS will spend on the Hatchery Production Initiative for 

SRKW, the Washington State Legislature provided approximately $13 million of funding in the 

2019-2021 biennium to increase prey abundance for SRKW (Engrossed Substitute House Bill 

1109).  The expected production associated with this legislative action is the release of an 

additional 13.5 million juvenile Chinook salmon in the spring of 2020 (~6.4 million from Puget 

Sound facilities, ~5.6 million from Washington coastal facilities, and ~1.5 million from 

Columbia River facilities).  A similar level of Chinook production funded by this legislative 

action is anticipated in the spring of 2021. 

13.  Based on my experience and ongoing conversations with hatchery operators, it is my 

expectation and opinion that there will be more than 20 million additional Chinook salmon 

juveniles released in 2021. 
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I declare under penalty of perjury that the foregoing is true and correct.  Executed 

on May 11, 2020, in Portland, OR. 

 

_________________________________ 

Allyson Purcell 

 

 

 

PURCELL.ALLYSO
N.O.1365850964

Digitally signed by 
PURCELL.ALLYSON.O.136585096
4 
Date: 2020.05.11 17:09:10 -07'00'
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HONORABLE MICHELLE L. PETERSON 

 

 

 

 

 

 

 

 

 

UNITED STATES DISTRICT COURT 

FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 

__________________________________________  

       ) 

       ) 

WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 

       ) 

  Plaintiff,    ) DECLARATION OF Lynne Barre,  

       ) National Marine Fisheries Service,  

v.       ) West Coast Region 

       )  

BARRY THOM, et al.,    )  

       )   

Defendants,    )  

       ) 

 and       ) 

       ) 

ALASKA TROLLERS ASSOCIATION,  )  

       ) 

Defendant-Intervenor.   ) 

)  

__________________________________________) 

  

  

I, Lynne Barre, declare and state as follows: 

 

  Introduction 
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1. I am currently Branch Chief in the Protected Resources Division of the National 

Marine Fisheries Service (NMFS), West Coast Region (WCR). NMFS is a part of the 

National Oceanic and Atmospheric Administration, in the U.S. Department of 

Commerce. I received a Bachelor of Science from Georgetown University in Biology 

in 1992 and a Master of Science in Animal Behavior from San Diego State University 

in 1994. I have been employed by NMFS since 2000, where I worked in the Office of 

Protected Resources in Silver Spring, MD for two years before joining the West 

Coast Region in 2002 in the Protected Resources Division.  I have held my current 

position as Branch Chief since 2011. 

2. My responsibilities in my current and previous positions with NMFS have included 

implementation of the Endangered Species Act (ESA) and Marine Mammal 

Protection Act (MMPA). My duties included leading the recovery program for 

endangered Southern Resident killer whales (SRKW).  Since 2002 I have worked on 

the endangered listing of the SRKW, designated SRKW critical habitat, finalized a 

SRKW Recovery Plan and implemented actions to conserve and recover SRKW, 

including vessel regulations put in place in 2011. Since SRKWs were listed under the 

ESA in 2005, I’ve worked on ESA section 7 consultations for a variety of projects, 

including fisheries actions, analyzing effects on SRKW and their designated critical 

habitat.  In 2018-2019 I served as a member of the Washington State Orca Task 

Force, participating in Task Force meetings and threat-based workgroup meetings on 

prey, vessels/noise and contaminants.  I am currently part of working groups 

established to implement actions from the Task Force reports, such as a governmental 

advisory group for a commercial whale watch licensing program and an effort to 
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develop a program to address noise from shipping similar to the Canadian Enhancing 

Cetacean Habitat and Observation (ECHO) program.  I sit on the Advisory Working 

Group for ECHO, and have also participated in a variety of Canadian working groups 

supporting SRKW recovery.   

3. In my current role as a Branch Chief, I oversee a team of employees working 

on implementation of a variety of MMPA and ESA programs, including coordination 

of the marine mammal stranding network, completing section 7 ESA consultations for 

SRKW and other listed species, developing and implementing recovery and 

regulatory programs for two species of ESA-listed rockfish in Puget Sound, close 

collaboration with NMFS science centers and other research partners, and 

coordinating with internal and external salmon recovery and management programs. 

4. In preparation for this declaration and as part of NMFS ESA section 7 clearance 

process, I have reviewed the 2019 Biological Opinion on the Consultation on the 

Delegation of Management Authority for Specified Salmon Fisheries to the State of 

Alaska (2019 opinion).  I also reviewed plaintiff’s motion for a preliminary injunction 

and the declarations filed in support of the motion by Dr. Deborah Giles and Dr. 

Robert Lacy.  

The Effect of Southeast Alaska Fisheries on Southern Resident Killer Whales in 

2020. 

5. I was asked to provide my opinion on the effect of the Southeast Alaskan (SEAK) 

fisheries on SRKW, in particular the effect of the of the 2020 summer troll fishery 

that occurs in the Exclusive Economic Zone (EEZ).  As explained below, if fishing 
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were prohibited in the SEAK EEZ fishery this summer, we estimate that SEAK 

fishery catches could be reduced by approximately 21,142 Chinook salmon.  Based 

on Chinook salmon stocks caught in that fishery, only some (approximately 13,899) 

of those fish removed by the fishery would have migrated south and become available 

as SRKW prey in their habitat along the coasts of California to British Columbia or in 

the inland waters of Washington and British Columbia.  We estimate that the effect of 

the 2020 SEAK EEZ fishery could reduce available prey for the SRKW by 0.6% (in 

coastal areas) and 0.2% (in inland waters).  These are extremely small reductions.  

These reductions are also likely an overestimate of the effects of the fishery because 

the whales and salmon are highly mobile, there are other salmon predators in the 

environment, and the SRKW would not intercept or consume all of those fish.  In 

addition, the Chinook salmon abundance forecast for 2020 is above low abundance 

levels, which have been associated with poor whale survival and reproduction in the 

past.  In light of the anticipated extremely small change in available prey and 

forecasted abundance over the low abundance levels, in my opinion the 2020 SEAK 

EEZ fishery would not impact foraging behavior in a measurable or detectable way or 

be a limiting factor for the whales.  If there is very little or almost no impact to 

foraging behavior, the 2020 SEAK EEZ summer troll fishery would not have any 

meaningful effect on the health or status of any individual SRKW and therefore I do 

not believe this fishery would cause irreparable harm to the population. 

6. To arrive at my opinions, we first looked at the estimated changes in available prey 

for the SRKW if the EEZ fishery were closed in 2020.  Using similar methods as in 

the 2019 opinion, staff from NMFS WCR Sustainable Fisheries Division examined 
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the difference between available prey with and without the fishing based on the 2020 

Chinook salmon abundance forecast and the expected levels of SEAK fishing.  The 

estimated reductions of available prey estimated for 2020 were assigned to the same 

locations (coastal and inland habitat) as in the 2019 opinion.  We noted that almost all 

of the fishing in the EEZ is troll fishing and it would all occur in summer (i.e. July-

September).   Based on analysis in the Declaration of Glenn Merrill, we estimated 

that 14% of the troll fishery catch in 2020 would occur in the EEZ, which is the 

average amount for the last nine years.  For 2020, 14% of the troll catch would be 

approximately 21,142 adult Chinook salmon.  Of the assumed foregone catch, only 

some of those fish would be expected to migrate south where they would overlap with 

and be available as prey for the whales.  Based on the stocks of Chinook salmon 

caught in the summer EEZ troll fishery and their migration patterns we estimated that 

12,417 of the 21,142 fish would be expected to migrate south and become available to 

the whales in their coastal range and 1,482 would be expected to migrate south and 

become available to the whales in inland waters. 

7. In our analysis we found that fewer fish migrating south to the range of 

SRKW because of SEAK EEZ fisheries would reduce available prey by 0.6% 

(coastal) and 0.2% (inland) which are extremely small changes to Chinook salmon 

abundance.  The fishery is far away from the range of the whales and during Chinook 

salmon migrations the fish are subject to other predators and sources of mortality, so 

the actual change to the available prey is likely to be even smaller.  The Chinook 

salmon prey and SRKW predators are also highly mobile and not all of the fish 
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escaping the fishery and migrating south would be intercepted by or consumed by the 

whales.  

8. In the 2019 biological opinion, to better understand the impact of reductions in the 

prey available to the whales from SEAK fisheries, we compared the amount of energy 

(i.e., calories) from available prey to the energy the whales would need to meet their 

metabolic needs and maintain their life functions.  This comparison of available prey 

energy and metabolic needs gives us what we call a prey ratio.  We evaluated how the 

prey ratios would change when fish are removed by the SEAK fisheries.  We used 

energy available form Chinook salmon (in kilocalories) instead of numbers of fish 

because this takes into account the different sizes and caloric content for different 

runs of salmon.  The prey ratios tell us that with a prey ratio of 10, we expect that 

there are 10 times the number of kilocalories available in an area compared to how 

many kilocalories the whales need when they are in that area.  There is, however, a 

data gap about how efficient the whales are at capturing and consuming the prey in 

their habitat.  The ratios do not provide information on density or pulses of prey that 

could influence foraging opportunities and efficiency and we do not know how many 

fish need to be present in certain places and times in order for the whales to capture 

and consume enough fish to meet their needs.  Experts have cautioned that we should 

not  use the prey ratio to show there is enough or more than enough prey energy 

available to ensure the whales are getting all the energy they need, but the prey ratios 

are informative to compare prey abundance and needs in different areas and times 

(Hilborn et al. 2012). 
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9. Based on forecasted Chinook salmon abundance for 2020 we estimated prey ratios of 

64.8 in coastal waters and 11.7 in inland waters during July-September.  With 

summer troll EEZ fisheries in place in 2020 the ratio for coastal waters would be 

slightly lower at 64.2 and the inland ratio would remain the same.  Similar to the 2019 

biological opinion we use caution in interpreting these results because we have low 

confidence in and put low weight on these ratios; however, they provide another line 

of evidence to confirm that the reductions of available prey from the SEAK EEZ 

fisheries are very small in a time and place with a relatively high prey ratio (coastal) 

and so small that they do not change the prey ratio in a time and place where the 

ratios are lower (inland).   

10. The next step in our analysis looked at overall abundance of Chinook salmon 

forecasted for 2020 and whether it is below a level that has coincided with poor 

reproduction and survival of SRWK in some past years.  Comparing these low 

abundance levels to projected abundance provides context for the magnitude of 

reductions in available prey expected from the 2020 SEAK fisheries and if those 

reductions are occurring in a year when the whales could be particularly vulnerable. 

We compared expected Chinook salmon abundances for 2020 to abundance levels we 

identified as “low” (i.e., “lower quartile” (from Table 96 of NMFS 2019) in the 2019 

biological opinion, with low years indicating increased concern for the whales.   

Abundance estimates for 2020 in the habitat of the SRKW (2,019,193 Chinook 

salmon in coastal July-September and 892,422 in inland July-September) are above 

the “low” levels in the 2019 biological opinion, particularly in coastal waters (low 

abundance quartile for coastal July-September = 1,690,008 Chinook and inland July-
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September = 826,710).  In addition, for all the time periods in inland and coastal 

waters, the 2020 abundance estimates are expected to be above the “low” abundance 

conditions.  The Chinook salmon abundance levels predicted for 2020 indicate that 

we would not expect to see the low levels of reproduction or high mortality associated 

with past Chinook salmon abundance patterns, however, we note that there are other 

threats that could be limiting factors for the whales (contaminants, vessels and sound, 

and genetic inbreeding) and Chinook salmon abundance is not always an accurate 

predictor of the status of the whales. 

11. Reductions in available prey could cause the whales to forage for longer 

periods, travel to alternate locations, or abandon foraging efforts.  Changes to 

foraging behavior could result in the whales not consuming sufficient prey to meet 

their energetic needs, which could affect the health of individual whales and the status 

and growth of the population.  At this time we cannot quantify impacts to foraging 

behavior or any changes to health of individual killer whales in the population from a 

specific amount of removal of potential prey.  Our assessment of reductions in 

available prey from the 2020 SEAK EEZ fisheries is, therefore, qualitative.  Even so, 

in my opinion there would not be any detectable or measurable change in the whales 

foraging behavior from such a small change in prey availability as a result of the 

SEAK EEZ fishery.  

12. In addition we consider protective measures and conservation actions that will 

occur in 2020 that are intended to improve the ability of the whales to find and 

consume their prey.  In the U.S. (WA) and Canada (BC) there are measures in place 

to limit vessel operations that can impair foraging and apply wherever the whales go 
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(approach distance and speed rules), as well as voluntary or mandatory areas with no 

vessels or fishing (i.e., interim sanctuary zones in Canada), which reduce interference 

in finding and catching the Chinook salmon in their habitat.  In addition, a variety of 

measures addressing multiple threats for salmon (e.g. reduced fishing under the new 

Pacific Salmon Treaty and habitat restoration) and efforts to produce and increase 

hatchery fish are also expected to provide greater numbers of fish available to the 

whales in 2020 and into the future.  Any extremely small changes that could change 

foraging behavior of individual whales would not rise to the level of impacting the 

health, reproduction or survival of individuals or changing the population status.   

13. In our analysis for 2020 we also considered impacts for all SEAK fisheries.  We 

estimated that a closure of all SEAK fisheries (troll, net and sport) for the entire 

fishing year would result in a reduction to July-September prey availability of 5.2% in 

coastal waters and 2.0% in inland waters with smaller reductions in other seasons.   

As described above, these are likely overestimates because not all of the fish caught 

in SEAK would escape other predators during their migration or be available to the 

SRKW as both the whales and salmon are highly mobile.  These reductions in 

available prey are within the range (closer to average and not at the high end) of what 

we analyzed in the 2019 biological opinion and they would occur in a year with 

Chinook salmon abundance above “low” levels.  In the 2019 biological opinion 

NMFS concluded the SEAK fisheries would not appreciably reduce reproduction or 

survival and would not jeopardize the SRKW.  This finding remains valid in light of 

our recent analysis for 2020.    

Survival and Recovery of Southern Resident Killer Whales 

Case 2:20-cv-00417-RAJ-MLP   Document 43-3   Filed 05/11/20   Page 9 of 17

3-SER-869

Case: 23-35324, 11/29/2023, ID: 12830527, DktEntry: 87-4, Page 269 of 300
(873 of 992)



 

          

          

           

Case No. 2:20-CV-417-RAJ-MLP         

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

14. In my opinion, the 2020 SEAK EEZ fisheries will not reduce the likelihood 

that the SRKW will survive and recover.   The EEZ fishery is a subset of all SEAK 

fisheries and this opinion is consistent with NMFS conclusion in the 2019 biological 

opinion that all SEAK fisheries would cause some harm to the whales by removing 

prey from their habitat, but not cause injury or mortality that would jeopardize the 

SRKW population.  The conclusions for both levels of fishing effects (SEAK EEZ 

and all SEAK) are based on multiple lines of evidence about the SRKWs’ diet, their 

energy needs, the Chinook salmon abundance, how the fisheries will reduce available 

prey, and how the whales might change their behavior.  In addition to the magnitude 

of prey reductions, we consider the context of Chinook salmon abundance levels, 

including natural variability in ocean conditions, and also other actions that are being 

taken to improve the whales’ ability to survive and recovery.  The relationship of 

SRKW with their Chinook salmon prey is complex, as is the broader food web. Both 

whales and salmon are influenced by multiple limiting factors in their changing 

environment.   We do not rely on only one factor or action to evaluate the whales’ 

ability to survive and recover, which contrasts with the Giles and Lacy declarations 

that focus on prey availability exclusively.  

15. Plaintiff’s declarants assert that prey abundance has the largest impact on 

population growth rate of the whales.   We cited similar references in the 2019 

opinion (Wasser et al 2017 and Lacy et al 2017), but NMFS also includes references 

regarding other threats, such as vessel disturbance and contaminants, and noted that 

available data suggests that all of the threats are potential limiting factors, not just 

prey availability.  The Lacy Population Viability Analysis (PVA) model attempts to 
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quantify and compare the level of impact of the three primary threats to the whales 

(prey, vessels and contaminants), however, their conclusion that prey is most 

important is highly dependent on the assumptions and inputs to the model and their 

reliance on outdated correlations between prey abundance and whale vital rates.  The 

NMFS 2008 Recovery Plan for Southern Resident killer whales and other efforts such 

as the Washington State Orca Task Force 2018 report and recommendations also 

acknowledge the importance of and interactions between multiple threats.  The task 

force report references the Lacy PVA model and specifically mentions a scenario in 

the publication that relies not only on adjustments to prey abundance, but also on 

reducing human-created noise and disturbance from vessels, to achieve recovery.  

The importance of other threats is also acknowledged in the Giles declaration.   

16. The Lacy declaration takes a simplistic approach, attempting to use correlations of 

prey and vital rates of the whales and focusing on SEAK fisheries alone as the only 

factor influencing recovery of the SRKW population.  The relationship between the 

whales and their Chinook salmon prey is more complex than that simple relationship 

and it is important to note that Chinook salmon are not the only component of the 

SRKWs diet.  Limitations on prey are not the only factor affecting the SRKW and 

fisheries are not the only factor affecting the abundance of Chinook salmon in marine 

waters.   Environmental conditions and ocean productivity can have much larger 

impacts on salmon abundance than fisheries.  As we explain in the 2019 biological 

opinion, the panel report (Hilborn et al. 2012) cautioned against overreliance on 

correlative studies or implicating any particular fishery in evaluating the status of 

SRKWs. The primary input and assumption in the Lacy PVA model that drives all of 
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the results in the Lacy declaration relates to past correlations of coastwide Chinook 

abundance and survival or fecundity of SRKW, the same correlations that panel 

cautioned against.  Lacy’s model (Lacy et al. 2017) relies on published correlations 

using older data (1979-2008 salmon abundance index in Lacy et al. 2017) or (1979-

2003 data for salmon abundance and whales in Ford et al. 2009), or subsets of data 

(1987-2011 whale demographic data in Velez-Espino).   These past studies found 

differing correlations between Chinook salmon abundance indices and SRKW 

demographic rates using these different data sets and methodologies.  The Lacy et al. 

(2017) model draws on findings from multiple studies, assumes their correlations 

represent a causative relationship, and models SRKW population status assuming that 

the relationship is constant over time.  In addition to the criticism by the expert panel 

(i.e., correlation does not mean causation), the small population size of SRKW limits 

the ability to detect a relationship to input into a PVA, the relationships are not 

constant over time, and multiple factors may be impacting the vital rates of the 

whales.  Even if the outdated correlations found in past studies were indicative of a 

causal relationship, more recent data shows that the correlations have weakened.   

17. The most recent review of these relationships was done by an Ad Hoc 

Workgroup formed by the Pacific Fishery Management Council (PFMC) to evaluate 

the effects of Council-managed fisheries on SRKW, which revisited the efforts to 

describe the relationship and in their 2020 report to the Council described their 

analysis, results, and characterized the uncertainty (PFMC 2020).  Using approaches 

similar to, but updated from past studies, and more recent data for the whales and 

salmon abundance, the Workgroup found the relationships between Chinook salmon 
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abundance and SRKW demographic rates have weakened or are not detectable (e.g. 

in more recent years SRKW status continues to decline with varying levels of 

Chinook abundance) and they recommend cautious interpretation of their results 

because of considerable uncertainty remains (PFMC 2020).  Based on best available 

data, scientific review and guidance, the uncertainties, and the complexity 

surrounding the relationship between SRKW and their prey, NMFS does not rely on 

outdated, weakened, or not detectable quantitative relationships to estimate specific 

changes in reproduction or survival from specific Chinook salmon abundance.  Thus, 

I believe that Plaintiff’s declarants’ opinions are not based on the best available 

science and data.     

18. Contrary to the plaintiff’s assertions, the reductions in SEAK fisheries under 

the new 2019 PST agreement do represent a reduction in removals from the Chinook 

prey based due to fisheries compared to fishing in the last decade under the previous 

PST agreement. In most cases, catch in SEAK will be reduced 7.5% relative to what 

was allowed under the previous 2009 PST agreement.  There are also reductions to 

fishing in British Columbia and the PST agreement also sets limits that apply to 

fisheries off the coasts of WA, OR, CA and within inland waters of WA.  The 

declarations claim the level of reduction in SEAK fishing will have little to no impact 

on prey available to the whales, however, they do not acknowledge the reductions in 

fisheries in other locations managed under the treaty that will result in additional prey 

available to the whales.   

19. There are also additional benefits associated with the fishery reductions under 

the new PST agreement.  The 2019 biological opinion considered conservation 
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measures for U.S. domestic actions related to implementation of the PST, including 

hatchery and habitat programs. The level of increased hatchery production described 

in a memo (Dygert et al. 2018) would be expected to increase Chinook salmon 

abundance in inland and coastal waters by 4-5%.  We are not able to assign these 

increases as direct offsets for any particular fishery under the PST agreement (SEAK, 

PFMC or Puget Sound) because of the variability in annual reductions of available 

prey from those fisheries.  In the 2019 biological opinion we acknowledge the delay 

for 3-5 years while hatchery fish mature and then become available to the whales as 

prey, however we noted it is unlikely that during this time period proportionately high 

fishery reductions would overlap with multiple years of low Chinook abundance. The 

analysis of 2020 SEAK fisheries confirms that our assumption was correct.  The 

forecast abundance is not “low” and we do not expect a year of high reductions in 

available prey. We also consider other mitigation measures that could provide 

benefits over the short and long term, such as vessel measures or fishery closures in 

Canada although we could not quantify changes in availability of Chinook salmon, as 

is possible for evaluating domestic fishery removals.  In addition, several measures, 

such as those identified in the Washington State Orca Task Force 2018 report, which 

were uncertain at the time of the 2019 biological opinion have been implemented, 

included increased hatchery production in Washington State.  Progress was reported 

in the 2019 Task Force Report and additional details on Washington State hatchery 

production increases are included in the declaration by Allyson Purcell. 

20. The 2019 biological opinion and the more recent analysis on the 2020 SEAK 

EEZ fishery take into account reductions in available prey from the fisheries, 
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Chinook salmon abundance levels compared to past years, as well as other actions 

that are in place or being implemented that also support increased abundance of prey 

or mitigate impacts to SRKW foraging.  We also acknowledge that the whales do not 

exclusively eat Chinook salmon and their diet includes other prey, particularly in the 

winter in coastal areas.  In contrast to these considerations, the Giles and Lacy 

declarations focus entirely on potential impacts of the SEAK fisheries, using 

correlations based on older Chinook salmon datat, and in some cases limited years of 

whale data, and do not consider the forecast Chinook salmon abundance levels 

anticipated in 2020 or other factors that could influence the whales foraging or 

availability of prey in their declarations.  Their assertion that further reductions in 

fisheries or additional mitigation are needed to stop SRKW decline or achieve 

recovery goals fail to take all of the relevant considerations into account and is not 

relevant to the standards applicable to a consultation under section 7 of the ESA.  

21. Plaintiff’s declarants claim there is irreparable harm because the whales will go 

extinct without further reductions in fisheries or that if benefits of mitigation are not 

realized more quickly, individual whales will be lost or the population will decline to 

“a point where recovery is impossible.”  I disagree.  These claims are not supported 

by the PVA analysis in the Lacy declaration over the timeframes presented 

(probability of extinction over 100 years).  For example, the model presented assumes 

reductions in available prey from SEAK fisheries is the only factor influencing 

overall coastwide Chinook salmon abundance.  They also fail to look at the 

abundance projected for 2020 or consider how that relates to the index of salmon 

abundance, based on past years of data, used in their model.  In addition, their model 
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assumes the relationships between Chinook salmon and whales would all continue 

unchanged as they project out 3-5 years or over 100 years, which fails to allow for 

fluctuations in salmon abundance from factors such as ocean conditions and different 

levels of fisheries implemented every year, as well as variable reproduction and 

survival in the whales.  

22. As stated above Lacy’s predictions about how fishery reductions or mitigation would 

impact the number of whales in the population are based on outdated correlations 

between coastwide salmon abundance indices and survival or fecundity, which we do 

not support or use in our analysis.  We do not have confidence that there is a 

quantitative tool currently available to identify specific Chinook salmon abundance 

levels that result in reliable measurable changes in reproduction or survival of 

SRKW.  Based on the uncertainties surrounding the relationship between Chinook 

abundance and whale survival and fecundity and all the other factors at play, we 

consider multiple factors in our assessments of fishery impacts.   It is my opinion that 

Dr. Giles and Dr. Lacy have not taken these factors into consideration, rely on an 

outdated correlation, and therefore overstate their conclusions.   

 

I declare under penalty of perjury that the foregoing is true and correct.  

Executed on May 11, 2020, in Seattle, WA. 

       

_________________________________ 

Lynne Barre 

BARRE.LYNNE.
M.1365828128

Digitally signed by 
BARRE.LYNNE.M.1365828128 
Date: 2020.05.11 14:58:05 
-07'00'
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, et al., 
 
      Defendants. 
___________________________________ 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

 
Case No. 2:20-cv-00417-MLP 
 
 
FIRST DECLARATION OF PETER W. 
SOVEREL 

I, Peter W. Soverel, declare the following on the basis of personal knowledge to which I 

am competent to testify: 

1. I have lived in Washington State since December 1968. I have resided at 16430 

72nd Avenue W., Edmonds, WA 98026 since November 1987. 

2. I am currently a member of Wild Fish Conservancy and have been a member 

since the beginning of the organization and its predecessor, Washington Trout, nearly 30 years 

ago. I am a member because I believe that the organization is a leading light in Washington State 

for promoting policies and practices that conserve and restore wild steelhead stocks and other 

marine animals throughout the Pacific Northwest. I support the efforts of the organization 
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through direct financial contributions and by serving as a standing declarant in the organization’s 

lawsuits. I also work closely and collaborate with Wild Fish Conservancy in my professional 

capacity as President and CEO of Conservation Angler, a non-profit watch-dog organization that 

seeks to hold public agencies, countries, and nations accountable for protecting and conserving 

wild fish for present and future generations. 

3. I have been interested and engaged with the Puget Sound ecosystem for 50 years. 

I enjoy fishing throughout Puget Sound for native fish, including Puget Sound Chinook, Hood 

Canal summer-run chum, and Puget Sound steelhead, all of which are listed under the 

Endangered Species Act (“ESA”); observing sea life, including the Southern Resident killer 

whales and other wildlife that depend on Chinook; and working to protect and restore wild fish 

populations in the Pacific Northwest. I moved to Washington in 1968 to be near wild salmon, 

and I have been near wild salmon in the Puget Sound area ever since. I have fished all around the 

Puget Sound basin, including the Green River, Sammamish, Snohomish, Skykomish, 

Snoqualmie Stillaguamish, Skagit, Nooksack, Nisqually Rivers, to name a few. I fish in Puget 

Sound rivers roughly 50 to 60 days per year, and I will continue fishing in Puget Sound rivers 

regularly for as long as I am able to do so. I observe wildlife in the Puget Sound daily, and I will 

continue to do so for as long as I am able. I have also fished for salmon, including Chinook, in 

the Columbia River and its tributaries and on the Washington coast, and I intend to do so in the 

future if I can lawfully do so without harming their recovery. 

4. I will engage in the Puget Sound ecosystem for years to come, but I am gravely 

concerned about the Puget Sound ecosystem and the survival and recovery of salmon and 

Southern Resident killer whales, upon which my recreation and livelihood depend. I have 

personally witnessed the significant decline in wild salmon and orca populations over the years, 
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and I believe that decline is, in part, caused by the troll and sport salmon fisheries in Southeast 

Alaska. I am concerned that those fisheries over-harvest and hinder the survival and recovery of 

ESA-listed species. I am concerned that the National Marine Fisheries Service (“NMFS”) has 

continued to fund the fisheries and has not restricted harvest, instead continuing to let Alaska 

operate the fisheries at an unsustainable level. I find it particularly disconcerting that, instead of 

reducing commercial harvests to protected imperiled species, NMFS relies on hypothetical and 

ill-advised increases in hatchery production to feed killer whales. I am concerned that NMFS has 

not adequately analyzed the impacts to ESA-listed species under the ESA or under the National 

Environmental Policy Act (“NEPA”). Without a complete analysis, NMFS cannot possibly make 

the best decision for ESA-listed salmonids and Southern Resident killer whales. My concerns 

significantly decrease my enjoyment of the Puget Sound ecosystem and ESA-listed species. If 

NMFS were made to consult again under the ESA to fully vet the impacts of the Southeast 

Alaska fisheries on ESA-listed species, and were made to prepare a proper NEPA analysis, 

conditions for ESA-listed species would improve and would remedy the harm to the Puget Sound 

ecosystem and to me personally.  

5. My recreational and professional interests in wild salmon and the Puget Sound 

have been steady over the past 50 years, and I enjoy all wild salmon, including ESA-listed 

Chinook. Wild salmon are amazing creatures and one of God’s great inventions. Salmon are born 

in inland waters and migrate thousands of miles. Some swim all the way to Japan. Others spawn 

at four- or five-thousand feet above sea level. The loss of my opportunities to see and angle for 

wild ESA-listed salmon in the Puget Sound is a serious loss for me. 

6. I moved to Washington State in December 1968 specifically to engage with the 

wild fish populations. My mother sent my photos of wild steelhead while I was on a 13-month 
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combat tour with the U.S. Navy in the Mekong Delta, Vietnam. The Navy was sending me to 

graduate school and I had a choice of Tufts University (Boston), Georgetown University 

(Washington DC), or the University of Washington (Seattle). All are fine universities, but only 

the University of Washington provided the prospect of regular interactions with wild fish. I have 

been a serious wild steelhead angler and angler of other fish since that time. And although I have 

fished my entire life and experienced angling around the globe from Yugoslavia to western 

Russia, Norway, Sweden, Austria, German, Belgium, UK, eastern Canada, the Bahamas, 

Argentina, Chile, Mexico, Panama, New Zealand and Kamchatka Russia, I am, first and 

foremost, a Washington fly fisher. I have fished the rivers of the Puget Sound basin hundreds of 

times over the past 50 years for salmon. They are my “home” rivers, but my ability to fish and 

enjoy them is hindered by the continual population decline of wild ESA-listed salmon. I am 

restricted from my primary source of recreation and relaxation and the opportunity to interact 

with the object of my affections.  

7. Because there are so few Puget Sound Chinook left, I have not had as many 

experiences with them over the past few years in my “home” rivers. I used to be able to have 

prime fishing opportunities for Chinook and steelhead in Puget Sound rivers throughout the 

month of March. But now many of my home rivers have populations so depleted that they are 

usually closed for fishing Puget Sound Chinook. Others are open for short spring fishing seasons, 

usually in May.  

8. Because I can no longer fish for Chinook and steelhead in Puget Sound rivers in 

March, for the past few years I have been going to British Columbia for March and April to fish 

for Chinook and steelhead on the Skeena River. I went to the Skeena for fishing in March and 

April 2019, as well as August 2019. I had that trip scheduled for this March and April, but I had 
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to cancel because of the coronavirus pandemic. I will likely schedule that trip again for next 

March and April because I anticipate Chinook and steelhead populations in Puget Sound will 

remain dismal. I would love to stay in Washington in March and April and fish for wild Chinook 

and steelhead if there were enough fish. 

9. While I continue to fish in Puget Sound rivers 50-60 times a year, I have not 

caught a wild Chinook for several years. In fact, I would feel guilty for catching and killing one 

because their populations are so low that it could harm their recovery. I wish I could feel 

comfortable catching Chinook in the Puget Sound rivers. 

10. In addition to traveling throughout the Puget Sound and Canada to enjoy Puget 

Sound Chinook and other salmonids, I get to enjoy the ecosystem created by these precious 

creatures from the comfort of my own home. I live on a bluff above Puget Sound. From the 

window of my house, I enjoy watching Southern Resident killer whales and many other species 

that live in the Sound. When I see a Southern Resident killer whale from my house, it is always 

the highlight of my day. Many of the animals I view, like the resident orcas, depend on salmon, 

so threats to wild ESA-listed salmon threaten my enjoyment of wildlife viewing from my house. 

At the bottom of my bluff, I can go fishing at Meadowdale Park. During these fishing trips, 

which I enjoy two to three times per month, I catch an array of salmon, and I wish I did not have 

to worry about the harm I could cause by catching the precious few remaining Chinook. 

11. Every year in June, I travel to the San Juan Islands with my wife on our 

anniversary. One of the highlights of our annual trips is driving to the west side of the island to 

watch for Southern Residents, have a glass of wine, and enjoy a picnic. We pretty much always 

see orcas on these trips, including in June 2019. We will take this trip annually for years to come, 
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as long as we remain able to do so. I fear there may be a time in the near future when we will no 

longer see the orcas on our trips, and that would devastate us.  

12. I will continue recreating and enjoying ESA-listed species, including Puget Sound 

Chinook and Southern Residents, in whatever ways I can given their population decline. I will 

continue observing wildlife from my house, taking trips to the San Juans, and fishing throughout 

Puget Sound many times each year. If Chinook and Southern Resident populations recovered, I 

could enjoy them more. If Chinook populations recovered, I could stay in Washington in March 

and fish in my home rivers. 

13. Not only is my recreation centered around wild salmon in Puget Sound, but since 

retiring in 1990 after a thirty-year career in the Navy, I have devoted my professional life to 

preserving and conserving wild salmon. In 1992, I founded the Wild Salmon Center, the largest 

international salmon conservation group around the Pacific Rim working to protect wild salmon 

around the Pacific Rim. I am also the founder of Wild Salmon Rivers, another non-profit 

organization devoted to wild salmon, and I was the chairmen of the Steelhead Committee of the 

Federation of Fly Fishers for approximately 10 years. Additionally, I was: 

• Board member, Steelhead Society of British Columbian 1990-2000;  

• Board member Habitat Conservation Corporation 1995-2000;  

• Member, Washington delegation to the North Pacific Anadromous Fish Commission 1993-

2005;  

• Founding Board member Save our Wild Salmon; 

• Founder, Wild Steelhead & Biodiversity Foundation (Kamchatka Russia); 

• Publisher of The Osprey: Journal of Steelhead Conservation 1990-2000; and  

• Editorial Board member of The Osprey: Journal of Steelhead Conservation. 
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I have received numerous awards for my conservation work including conservationist of the year 

Federation of Fly Fishers (1993) and Conservationist of the Year, Steelhead Society of British 

Columbia (2001). As a professional conservationist, I am exceedingly distressed by the rapid 

decline in ESA-listed salmonids and the huge loss in angling opportunity for Washington State. 

14. I have observed the significant population decline of wild salmon over the years. 

Puget Sound is an enormous body of water with a couple hundred streams and rivers of various 

sizes. When I first moved to Washington, these rivers used to be full of fish, and many rivers and 

creeks were open 12 months per year. The rivers of the Puget Sound Basin make up a very 

diverse collection of rivers and streams that offer a wide variety of angling opportunities. 

Additionally, given their different characteristics, they respond differently to weather events 

rising and dropping at very different rates in response to winter storms and then dry periods 

between storms. Angling is typically best when rivers just come into “shape”—that is the rivers 

are dropping in level and clearing. When the river flows are higher, typically the river is not 

suitable for angling. Similarly, when the rivers have dropped substantially, they become low, 

clear and cold—again less than idea angling conditions. A knowledgeable angler can select from 

a large suite of Puget Sound rivers to pick the ones that are, at that moment, suitable for angling. 

When I first moved here, I was able to pick from the rivers for the best angling opportunities 

throughout the entire year. 

15. As I indicated above, I have stopped fishing in many of these rivers due to the 

decline of wild stocks and the resulting closures of fishing opportunities during times that I want 

to fish. In areas where I do fish, I am less able to enjoy fishing as a result of reduced angling 

opportunity. Even in those areas that remain open to angling, my recreation is reduced because 

of the uncertainty about the impact of my angling on the depressed ESA-listed salmonid 
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population. Virtually all Puget Sound rivers close for portions of the year, dramatically 

restricting my opportunities to fish and reducing the complexity and diversity of rivers for me to 

choose from throughout the year. Given that I moved to Washington for the purpose of 

interacting with wild salmonids, the loss of opportunities for fishing and the reduction of my 

enjoyment of fishing is a serious loss for me. I am concerned that, if we do not change our ways 

to better protect ESA-listed salmonids, they will soon be extinct. 

16. It is my understanding that Wild Fish Conservancy’s complaint in this lawsuit 

alleges numerous violations against the NMFS, U.S. Department of Commerce, and some of 

those agencies’ officials related to their failure to comply with the ESA and NEPA for NMFS’ 

ongoing management over, and delegation of authority to, the State of Alaska for commercial 

troll and sport salmon fisheries in Southeast Alaska. I am greatly concerned about the effects of 

those fisheries on ESA-listed salmonids and Southern Residents and about NMFS’s failure to 

fully and adequately evaluate such effects under the ESA and NEPA. I am particularly concerned 

about NMFS’s assumption that new hatchery production will offset harm from the harvests. My 

concerns diminish my enjoyment of fishing and observing wildlife, including Southern 

Residents, throughout the Puget Sound region. I believe these “interception fisheries,” as I call 

them, are directly responsibility for the inability of ESA-listed Chinook and orcas to recover 

because they intercept wild fish that would otherwise return to Washington, other parts of the 

United States, and Canada. The fisheries catch too many fish that do not belong to them, 

ensuring that Southern Residents and ESA-listed Chinook will soon be extinct. NMFS’s efforts 

to oversee these interception fisheries and the mitigation plan it has outlined for these fisheries 

has not worked and will not work if it continues to prioritize harvesting and future mitigation 

over the species’ current recovery needs.  
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17. I understand that these fisheries can be profitable, but I think NMFS must fully 

consider the effects of these fisheries on ESA-listed species. In doing so, NMFS must consider 

and follow the science to come to the logical conclusion that these fisheries are threatening the 

continued existence of wild salmon and Southern Residents. NMFS must consider whether these 

fisheries should continue to operate when wild Chinook and Southern Resident populations are 

so severely depleted. Only in ESA consultation and NEPA analysis with full consideration and 

weight of the adverse effects and possible alternatives should NMFS make its decision about 

these fisheries. NMFS needs to listen to their science and make the conclusions in accordance 

with the ESA. If NMFS were made to comply with the ESA and NEPA and were held 

accountable to Washington and the many citizens who use and enjoy the Puget Sound, the harm 

caused by the Southeast Alaska fisheries to my interests in Puget Sound would be remedied. 

I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and correct. 

 

Executed this 26th  day of March, 2020. 

 
 

_____________________________________ 
Peter W. Soverel 
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, et al., 
 
      Defendants. 
___________________________________ 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 
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Case No. 2:20-cv-00417-MLP 
 
 
 
FIRST DECLARATION OF WILLIAM 
JOHN MCMILLAN 

 I, William John McMillan, declare the following on the basis of personal knowledge to 

which I am competent to testify: 

1. I have lived in at 40104 Savage Road in Concrete, Washington since 1998. Prior 

to 1998, I lived in Duvall, Washington from 1996 to 1998. I spent the remainder of my adult life 

in the Washougal, Washington area. 

2. I am a founding member of Wild Fish Conservancy, previously known as 

Washington Trout. I helped found Wild Fish Conservancy to fill a void created by a lack of 

groups focused on wild fish issues in Washington. I have been and still am a member of the 

organization since 1989 and I make regularly financial donations to support the organization’s 
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efforts. I was employed by Wild Fish Conservancy as a field biologist between November 1996 

and 2007, when I retired. I continue to volunteer for the organization by performing spawning 

surveys, sampling fish carcasses, and assessing habitat changes, among other field activities.  

3. I live on the Skagit River, the largest native salmon bearing stream in Puget 

Sound. All of the streams in the Puget Sound ecosystem are in hard times right now, with fish 

not returning and populations dwindling. Compared to most of the streams, the Skagit provides 

significant remaining areas of healthy habitat for salmon, making it critically important for 

keeping up fish populations, including Puget Sound Chinook, steelhead, and bull trout 

populations.  

4. I use and enjoy the Puget Sound ecosystem almost daily, through spawning 

surveys and documenting my results in reports, walking along the streams, photographing the 

ecosystem and fish, and fishing. I am an avid fisherman. I fish the Skagit 75–100 days per year—

virtually every day that conditions are good and the river is open for fishing—and I have fished a 

number of other rivers in the Puget Sound ecosystem. I fish both because I want to try and keep 

contact with wild fish to determine whether things are changing for the better or worse and 

because I get spiritual enjoyment from connecting with nature while fishing.  

5. My son lives on the Elwha River, and I go up there and walk through, enjoy, and 

observe that ecosystem as it recovers following dam removal. The Elwha used to have some very 

large Chinooks return, sometimes 90 or more pounds. The never return at that size any more. 

6. One part of my life in Puget Sound remains unfulfilled: I have never seen a 

Southern Resident killer whale. I have created opportunities to do so, such as by sitting on the 

deck of ferries in Puget Sound, one of the ideal spots for viewing orcas, but have never had any 
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success. I fear I may never see a Southern Resident killer whale despite my best efforts. If their 

populations increased, my chance of seeing one would increase. 

7. I will continue to enjoy the Puget Sound ecosystem for the rest of my life. I intend 

to remain in my house along the Skagit for the rest of my life, and as long as I can walk, I will 

fish the Skagit. I also intend to continue fishing and enjoying the ecosystem of other rivers in the 

Puget Sound regularly, and I will continue doing the fish surveys and supplementing my reports 

with the data I gather. 

8. While I continue to use the Puget Sound ecosystem, I am deeply concerned about 

the harm commercial troll and sport fisheries in Southeast Alaska are having and will continue to 

have on the Puget Sound ecosystem, particularly on Southern Resident killer whales and wild 

salmon, including those with numbers so depleted that they are listed under the Endangered 

Species Act (“ESA”), such as Puget Sound Chinook salmon, and Lower Columbia River 

Chinook salmon, and Willamette River Chinook salmon. These fisheries over harvest, depleting 

wild salmon populations and depriving Southern Resident killer whales of their primary food 

source. I am concerned that the National Marine Fisheries Service (“NMFS” or “NOAA 

Fisheries”) is neglecting its duties to protect these species under the ESA, instead delegating its 

authority to manage the fisheries without ensuring their protection. I am also concerned that 

NMFS is neglecting its duties under the National Environmental Policy Act (“NEPA”) to fully 

evaluate its decisions related to the fisheries. I am concerned that, without gathering the requisite 

information under NEPA and the ESA, NMFS cannot possibly make informed decisions to 

ensure protection of Southern Residents and ESA-listed salmonids that are harmed by the 

fisheries. I understand that, rather than making an informed decision, NMFS is relying on 

hypothetical future mitigation measures to offset current adverse effects on Southern Residents 
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and ESA-listed Chinook, and I am concerned that there will be no need for future mitigation if 

we do not protect Southern Residents and ESA-listed salmonids now. As I discuss below, all of 

these effects and my concerns related to them in turn affect my scientific and recreational use 

and spiritual and aesthetic enjoyment of the Puget Sound ecosystem and they impact my ability 

to continue using the Puget Sound ecosystem as I have in the past. I believe my concerns and the 

harm from NMFS’s actions would—at least in part—be remedied if NMFS, the Department of 

Commerce, and their officials were made to comply with ESA and NEPA before they take 

actions that could adversely affect ESA-listed species. 

9. Today, I am primarily a fly fisher, but my love of fishing stems from learning 

how to bait fish as a child. My father taught me how to fish, and I taught my son, daughter, and 

grandchildren how to fish. Fishing is an important part of my family history. 

10. I was born in Oregon City, on the Willamette River. Chinook salmon were a huge 

part of our life there. My uncle, Edward, lived life-long on the Willamette River. I can still 

remember when he won the Willamette Fall Fishing Derby in about 1950 by catching a 42 pound 

wild spring Chinook salmon. There are none of that size anymore, with the common maximum 

about 30 pounds today, and most far smaller. Historically, a 1921 U.S. Fish Commission report 

indicated that the average sport caught spring Chinook at Willamette Falls was 25 pounds with 

those 50 pounds or more not uncommon. This is an example of the increasingly small size of 

Chinook that has occurred over time making it more difficult for orcas to survive. The returning 

Chinook are ever fewer, and ever smaller. 

11. I grew up close to the Washougal River, which flows into the Columbia River. 

Chinook returns in the mid-1950s were already greatly depleted, but they still had a small wild 

run. When I was 11 or 12, I went fishing in the Washougal River with my dad. He hooked a very 
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large 40 pound wild Chinook while we were steelhead fishing. We were so excited about it as it 

played out for nearly an hour. All of a sudden, the hook pulled out, and he lost the fish. It 

remains a great memory because it was so rare to see a Chinook like that in the Washougal. 

12. The first anadromous fish I caught was in 1956 in the Camas Slough, a side 

channel of the Columbia River where the Washougal River enters. It was a 21-inch wild 

Chinook. 

13. As soon as I was able to drive a car, I sought out opportunities to fish for wild 

species wherever I could afford to go. I fish for many species of wild fish, including bull trout, 

cut throat trout, winter and summer steelhead, Chinook salmon, coho salmon, pink salmon, chum 

salmon, and sockeye salmon. While I greatly enjoy fishing for a diverse array of wild fish, I feel 

that Chinook salmon are part of my spiritual identity, and the identity of my family. I was born 

and raised on the Willamette and Columbia River systems, with the Columbia noted as 

historically having the greatest runs of Chinook salmon anywhere in the world, and then I moved 

to the Puget Sound area, so 100% of my life has been bound by the presence of Chinook salmon. 

14. When I first moved to my current house in 1998, we were busy moving, and I did 

not have as much time to fish. But I was excited to live right on the Skagit River because I knew 

the river historically had good populations of Chinook and other salmon. As a boy I used to read 

that it was not uncommon for a 50 to 60 pound Chinook to win the Hope Island fishing derby off 

the mouth of the Skagit in the 1940s and 1950s, whereas those populations were depleted in the 

Washougal River where I fished a lot as a kid and young adult. I knew the populations had 

suffered since the 1950s, but I hoped there would still be a good run. And sure enough, the first 

fish I hooked in the Skagit was a very large 30 to 35 pound, beautiful wild Chinook, which I 

carefully released. Since that time, I feel guilty even hooking one in their comparative rarity and 
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diminishing numbers that orcas require to be sustained. 

15. I keep and eat the fish I catch whenever I can do so without causing damage to 

wild fish stocks. Accordingly, I no longer keep wild salmon or steelhead with most now 

protected from harvest when fishing in rivers due to ESA listings. However, I very much enjoy 

eating wild fish and wish their recovery could eventually allow me to do so.  

16. In 1972 I began writing about fishing. I began journal-writing as a hobby and later 

had articles published as a freelance writer. I have had over 50 articles published in magazines 

and books about fishing and conservation, including articles about fishing the Columbia River, 

Puget Sound, and Olympic National Park streams. I co-authored a book in 2012 with my son 

published with the title May the Rivers Never Sleep about wild fish conservation, and the 

importance of the return of anadromous fish to river systems. May the Rivers Never Sleep also 

discusses watching wild fish as an alternative to angling, something that is increasingly 

necessary due to dwindling wild fish populations. As fish populations continue to decline, I find 

that I prefer to watch wild fish in some Puget Sound rivers as an alternative to angling. Spending 

time in the Puget Sound ecosystem observing the wildlife is of great spiritual and learning 

significance to me, but I do wish I could angle more frequently. 

17. I also enjoy photographing native fish habitats throughout the Puget Sound 

ecosystem, including in the Nooksack, Samish, Skagit, Stillaguamish, Snohomish, Cedar/Lake 

Washington, Duwamish, Dungeness, Morse Creek, and Elwha basins, all of which I have 

walked, surveyed, and/or photographed since moving to the Puget Sound area. My photographs 

have appeared on several magazine and book covers. I enjoy photographing nature because I 

love things that are visibly attractive. Wild fish are creatures of beauty and perfection as 

determined by the rigors of natural selection. As wild fish populations continue to diminish, I 
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have fewer opportunities to photograph wild fish, which lessens my enjoyment of this activity. 

18. In addition to fishing and photography, I absolutely enjoy walking the tributaries 

of the Skagit River in spawning season and documenting wild fish spawning numbers as related 

above. I have done and continue to do spawning surveys along nine Skagit Basin tributaries and 

one Elwha tributary in the Puget Sound ecosystem. To do these spawning surveys, I spend an 

average of 150 to 200 days per year walking along the creeks and collecting data about spawning 

populations. I share the surveys with management agencies, tribes, and conservation interest 

groups. I have produced five reports, varying in length from 40 to 250 pages, related to the 

survey data, and I keep these reports on file on an Academia website so people can access them.  

19. Based on my surveys, I have documented reasonably good numbers of Chinook in 

some years at Finney Creek, a tributary to the Skagit River, with 30 to 50 wild Chinook reds in 

it, which is exciting. However, their spawning at the other streams is less common and declining. 

My way to keep in touch with Chinook in the Skagit basin is now through spawning surveys. 

And while I wish I could fish for Chinook in the Skagit, I still enjoy connecting with wild ESA-

listed species through the surveys, particularly when the numbers are promising. 

20. I have also done a great deal of historical research on ESA-listed salmonids in 

Puget Sound and throughout the Pacific Coast, including funding from NOAA Fisheries to do so 

in 2008. I have provided reports to federal and state agencies, including NOAA Fisheries, to 

address problems relating to fish mortality in the Puget Sound ecosystem. For example, in 2006, 

I was asked to provide a presentation to the NOAA Biological Review Team during their 

considerations for Puget Sound steelhead for listing under the ESA due to my familiarity with 

wild steelhead history in Washington, Puget Sound, and as distant as the Russian Kamchatka 

Peninsula and Alaska. In 2008, I was invited by the NOAA Puget Sound Steelhead Technical 
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Review Team to accompany them on a tour of the Stillaguamish River and Sauk River (tributary 

of the Skagit River), and I provided them with a report relating to the loss of early run timing for 

winter-run steelhead. Since then I have regularly done volunteer steelhead and salmon spawning 

surveys on numerous tributary creeks in the Skagit River basin with regular reports to Skagit 

Basin interests, including Washington Department of Fish and Wildlife personnel, members of 

the NOAA Technical Review Team for Puget Sound Steelhead, personnel from Skagit River 

System Cooperative Tribes, biologists from Seattle City Light, and varied fish conservation 

group leaders, employees, and/or members. These reports have included tables and sometimes 

photographs of the findings sent to this list of recipients regarding the species of fish found, 

when they spawn, how many spawn, where they spawn, and the presence or absence of hatchery 

or farmed fish among the spawning populations.  

21. While I can connect to ESA-listed salmonids through surveys, walking the rivers, 

and sometimes fishing, I have never been able to connect with Southern Resident killer whales, 

despite my best efforts. I regularly take the ferries in Puget Sound because my son lives in Port 

Angeles and my daughter lives in Victoria. On these trips, I almost always try to see an orca by 

sitting on viewing deck. Seeing just one killer whale would be a highlight of my life. I will 

continue trying to see an orca on these trips, but I am not optimistic about my chances unless 

their populations increase. I believe that, for their populations to increase, they need more and 

bigger Chinook, which means the Southeast Alaska commercial troll and sport fisheries must 

stop harvesting so many ESA-listed Chinook. For Chinook to reach the particularly large sizes 

that orcas require for the most caloric intake with the least feeding effort, the Chinook have to 

commonly live to ages 4 to 7 years, as was far more common historically than today. Ocean 

harvest pressures today, particularly in the Southeast Alaska area where many Columbia, 
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Willamette, and Puget Sound Chinook make their migrations, make it unlikely that very many 

Chinook reach these older ages, and therefore larger sizes, that Southern Residents require to 

better sustain themselves. 

22. My pursuits in protecting and enjoying the Puget Sound ecosystem and wild 

native fish are substantially diminished by the effects from NMFS’s mismanagement of the 

commercial troll and sport fisheries in Southeast Alaska. We are already suffering from river 

closures throughout the basin because threatened and endangered fish populations are so low, 

due to pollution, warming streams, and other harms, and this will only be exacerbated by the 

continued unlawful harvest at those fisheries.  

23. I understand that, in this lawsuit, Wild Fish Conservancy alleges that NMFS, the 

Department of Commerce, and NMFS and Department of Commerce officials violated and are 

violating the ESA and NEPA for their actions related to and evaluations of the Southeast Alaska 

commercial troll and sport fisheries. While I am generally concerned by their failure to gather all 

necessary information and science and to let that science inform their decisions, one of my 

biggest concerns with this is that they are planning future, hypothetical mitigation to offset 

current, real impacts to ESA-listed species. This concerns me because some of the ESA-listed 

species, such as the Southern Residents, are on the brink of extinction now, and I am concerned 

that they do not have time to wait for future mitigation. I am concerned about their violations and 

the effects they have on wild native fish, ESA-listed species, the Puget Sound ecosystem, and the 

public, all of which in turn impacts my interests and activities now and in the future. 

24. While being mindful and respectful of the recovery of depressed fish populations 

and the adverse effects from the Southeast Alaska fisheries on the Puget Sound ecosystem, I will 

continue fishing, engaging in spiritual observation, photographing, surveying, and researching in 
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, et al., 
 
      Defendants. 
 
___________________________________ 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

 
 
 
Case No. 2:20-cv-00417-MLP 
 
FIRST DECLARATION OF KURT 
BEARDSLEE 
 
 
 

I, Kurt Beardslee, declare the following: 

1. My name is Kurt Beardslee. I am a co-founder of Wild Fish Conservancy 

(“Conservancy”) and have served as the organization’s Executive Director for the last 30 years. I 

make this declaration based on personal knowledge. As the Executive Director, I am familiar 

with the membership, structure and funding of the Conservancy and am competent to testify 

before the Court to the matters declared herein if necessary. 

2. The Conservancy is a membership-based non-profit 501(c)(3) organization 

formed under the laws of Washington State that is dedicated to the recovery and conservation of 

the region’s wild fish ecosystems. Through science, education, and advocacy, the Conservancy 

promotes technically and socially responsible resource management to better sustain the region’s 
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wild fish heritage. The Conservancy is continually engaged in research and monitoring projects 

aimed to guide its restoration, protection, advocacy, and public education efforts, and to improve 

basic understanding of the natural and anthropogenic processes influencing the health of wild 

fish populations. The Conservancy develops and implements ecological process restoration 

initiatives intended to recover important ecosystem functions, to recreate dynamic and self-

maintaining habitat systems, and to serve as models through the region. The Conservancy is 

devoted to educating members of the community about wild fish, their habitats, and the ways 

that humans impact native fish stocks. The Conservancy provides a variety of education 

resources and opportunities to increase awareness, stimulate thinking, and encourage informed 

decision-making. The Conservancy advocates for socially responsible and scientifically credible 

conservation by reviewing and commenting on policy proposals and other proposed government 

actions, participating in technical forums, working with resource management officials, 

developing information/action campaigns, and legally challenging actions when necessary. The 

Conservancy currently employs twenty members who carry out the organization’s science, 

education, and advocacy programs. 

3. The Conservancy regularly seeks to participate in decision-making processes 

related to salmonids and aquatic species in the Northwest. The Conservancy has provided 

detailed technical and scientific comments on numerous actions proposed by the National Marine 

Fisheries Service (“NMFS”), including actions related to federal funding and approval of 

hatchery programs and salmon harvest, and on the environmental documents prepared under the 

National Environmental Policy Act (“NEPA”) to accompany those proposed actions. 

4. One of the claims alleged in this matter challenges NMFS’s failure to prepare any 

documents under NEPA for its issuance and adoption of the incidental take statement included 
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with NMFS’s 2019 Biological Opinion for salmon harvest in the federal waters of Southeast 

Alaska (“2019 SEAK BiOp”). The Conservancy would certainly have participated in any such 

NEPA or other public process provided for the 2019 SEAK BiOp and its incidental take 

statement. The Conservancy has studied salmon and their ecosystems, salmon hatcheries, and 

salmon fisheries for many years and has developed extensive expertise on these matters. The 

Conservancy would have used that expertise to review and evaluate NMFS’s proposal and 

alternatives thereto. The Conservancy would then have provided NMFS with detailed scientific 

comments on the salmon harvests in Southeast Alaska, the impacts of those harvests on the 

Southern Resident Killer Whale and wild salmon populations, and the likely effectiveness and 

harmful impacts of NMFS’s proposal to offset harvests with hatchery programs. NMFS’s failure 

to provide a NEPA process deprived the Conservancy of the detailed scientific information 

required in NEPA documents and it prevented the Conservancy from providing comments to 

NMFS advocate on behalf of its members and on behalf of imperiled species. It is particularly 

disconcerting that NMFS appears to have elected to authorize the harvests in reliance on 

uncertain future hatchery programs without fully studying the consequences of that proposal and 

all reasonable alternatives thereto. NEPA requires such an analysis of alternatives. 

5. The Conservancy has been a plaintiff in several lawsuits seeking to compel 

compliance with laws designed to protect native fish and their ecosystems. The Conservancy 

prosecutes these public interest lawsuits under wide array of environmental statutes, including 

the Endangered Species Act. The Conservancy initiates litigation only after serious consideration 

and exhausting other means of advocacy. The Conservancy takes its role as a citizen group 

enforcing public interest laws seriously and endeavors to treat the parties and the Court with the 

utmost respect. The Conservancy regularly and routinely does not pursue potential litigation that 
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I believe would directly serve the public interest and prevent illegal environmental harm, because 

of our financial inability to do so. 

6. The Conservancy has an average annual operating budget of approximately one 

million dollars, which comes from grant-funding and donations. Nearly all of this funding is 

restricted to specific projects, so the organization has very little discretionary funding that is 

generally available. The organization’s funding primarily supports scientific research, restoration 

projects, salaries for staff members, and basic operating expenses. As a non-profit organization, 

the Conservancy does not earn or retain profits for itself or its members. 

7. At the end of 2018 (the last year for which a Form 990 has been filed with the 

Internal Revenue Service), the Conservancy had assets (net of liabilities) of $154,191. The 

Conservancy’s non-profit status, funding situation, and relatively small base of assets prevent the 

organization from being able to post a substantial bond in this litigation. Because the majority of 

the organization’s funds are restricted to existing projects and staff salaries, the organization 

would likely be forced to lay off staff members or cease certain operations if required to post a 

bond in this litigation. Therefore, a substantial bond would harm the organization’s ability to 

fulfill its mission and serve its members. Because a substantial bond requirement would pose 

such undue hardships, the Conservancy would not be able to pursue a preliminary injunction if 

such a bond was required. It would greatly reduce or prevent the Conservancy’s ability to obtain 

adequate relief if it could not obtain the requested preliminary injunction for the reasons stated in 

the expert witness declarations submitted in support of the motion. 

8. The imposition of a bond would have a chilling effect on the Conservancy’s 

litigation efforts and discourage its participation in lawsuits where a preliminary injunction might 
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be necessary to protect its interests. If the Conservancy is forced to bear a large financial burden, 

it will be discouraged from seeking to vindicate public inte.rests through citizen suits. 

9. The Conservancy has no personal or financial stake in this litigation, beyond its 

litigation expenses, and will not profit from this litigation in any way. The Conservancy brings 

this action on behalf of the public interests, including those of its members, intended to benefit 

by the Endangered Species Act and the National Environmental Policy Act. The Conservancy 

would not be able to enforce these interests through citizen suit actions as envisioned by 

Congress if it was required to post a substantial bond each time it sought a preliminary 

injunction. 

10. William (Bill) McMillan is currently a member of the Conservancy and has been 

since long before 2000, which is as far back as we maintain membership records. In fact, Mr. 

McMillan has been a member since he helped found the organization in 1989. 

11. Pete Soverel is currently a member of the Conservancy and has been a member 

continuously since long before 2000, which is as far back as we maintain membership records. 

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing is true 

and correct. 

Executed this / j day of April 2020 at P~ , Washington. 
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Executive Director 
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 
 

Plaintiff, 
 

v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al, 
 

Defendants. 
 

 
Case No. 2:20-cv-00417-MLP  
 
DECLARATION OF DR. ROBERT 
LACY, Ph.D. 

 
 I, Robert Lacy, state and declare as follows; 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I received my B.A. and M.A. in Biology from Wesleyan University in 1977, 

where I graduated summa cum laude. I received my Ph.D. in Evolutionary Biology with minors 

in Genetics and Ecology from Cornell University in 1982. I serve on the faculty of the 

Committee on Evolutionary Biology at University of Chicago. I was a Conservation Scientist for 

the Chicago Zoological Society from 1985, until my recent retirement and appointment as a 

Conservation Scientist Emeritus. Although “retired” I still work actively with the Species 
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Conservation Toolkit Initiative, a team that develops, distributes, and supports software for 

species risk assessments and wildlife population management.  

3. My qualifications, including publications, is contained in my Curriculum Vitae, 

which is attached as Exhibit B to this declaration.  

4. I have been retained by Wild Fish Conservancy, through its counsel, to provide 

expert opinions in this matter on issues related to the Southern Resident Killer Whale population 

and the implications of the National Marine Fisheries Service’s (“NMFS”) conclusions in the 

Biological Opinion issued with regard to the 2019 Pacific Salmon Treaty. This declaration 

describes my opinions and the bases therefor. 

5. In addition to drawing upon my knowledge and expertise, I have reviewed the 

materials cited throughout this declaration and those identified in the list of cited materials 

attached to this declaration as Exhibit A in developing my opinions expressed herein. 

6. In summary, the opinions I express herein are as follows: 

a. Analyses conducted in 2015 projected that the Southern Resident Killer Whale 

population would decline slowly at a rate of about 0.2% per year if environmental 

conditions and the demographic responses to threats remained as they had been 

over the previous few decades. Updated analyses on the current population now 

project about a 1% annual decline, leading to eventual extinction of the 

population as demographic and genetic problems become worse with the ongoing 

decline in the breeding population. The numbers of Southern Resident Killer 

Whales increased from 1976 to a peak in 1993-1996, and has subsequently 

declined. The 2015 prediction of approximately zero population growth 

accurately reflected the lack of growth in numbers over the entire time period 
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from 1976 to 2020, while the more pessimistic current prediction accurately 

mirrors the 1% average annual decline that has occurred since 1993. Since 2014, 

the Southern Resident Killer Whale population has declined at an even faster rate 

of about 2% per year. Although the difference between a 0.2% annual decline and 

a 1% annual decline might not seem large, the cumulative effect of the faster rate 

of decline compounds to become considerable damage across the years. The 

following graph shows the mean projected number of Southern Resident Killer 

Whales, using the data from 2015 (upper, black line) and the mean projected 

number using the current (2020) data (lower, red line).  In 2015, we estimated a 

9% probability that the population would become functionally extinct with fewer 

than 30 animals within the next 100 years. With updates to reflect the current 

situation, I now estimate a 59% probability that the population will drop below 30 

animals sometime in the next 100 years, becoming functionally extinct.  
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b. The abundance of Chinook prey influences the reproductive rate and the survival 

rates of the Southern Resident Killer Whale. Analyses indicate that prey 

abundance is the factor that has the largest impact on Southern Resident Killer 

Whale population growth or decline. Using published estimates of the effect of 

prey abundance on demographic rates, we calculate that Chinook total abundance 

available as prey to the Southern Resident Killer Whale needs to increase by 

about 10% over the mean levels of the last few decades for the decline of the 

Southern Resident Killer Whale to be halted. Recovery of the Southern Resident 

Killer Whale population at the rate (2.3% growth) specified for delisting in the 

species’ Recovery Plan will require an increase in the Chinook prey abundance of 

about 35%.  

c.  The NMFS 2019 Biological Opinion (“2019 SEAK BiOp”) proposes several 

actions aimed at increasing the number of Chinook salmon available to the 

Southern Resident Killer Whales. The reduction in the Southeast Alaska salmon 

fishery of up to 7.5% in the 2019 Pacific Salmon Treaty relative to the preceding 

agreement, which is described in the 2019 SEAK BiOp, results in very little 

change in the Chinook available to the Southern Resident Killer Whales, and 

therefore would not have a measurable benefit for the endangered Southern 

Resident Killer Whale. 

d. A proposed hatchery expansion aims to increase Chinook available to the 

Southern Resident Killer Whales by 4-5%. That increase in prey can be estimated 

to reduce the annual rate of decline of the Southern Resident Killer Whale 

population from about 1% to about 0.5%, but this would not be sufficient to stop 
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the slide toward extinction. 

e. The benefits to the Southern Resident Killer Whales of other possible mitigation 

measures are not quantified in the 2019 SEAK BiOp, and those actions would 

need to amount to a further increase (above that achieved from the two above 

mentioned measures) of at least another 5% in the Chinook abundance available 

as prey to Southern Resident Killer Whales in order for me to predict that the 

decline of Southern Resident Killer Whales would stop. 

f. More aggressive management actions would be required to start the Southern 

Resident Killer Whale population on a reasonably secure path toward recovery or 

to meet NMFS’ annual population growth rate goal of 2.3%.  

7. My career has focused on building the capacity of the world to be much more 

effective in ensuring the long-term sustainability of species. I have done this via advancing the 

basic science that must underlie successful programs for sustaining species; providing the 

accessible tools to enable others to apply the science to species assessments, conservation 

planning, and population management; training students and colleagues in the use of the tools; 

and – when necessary – doing the analyses that inform and guide conservation for individual 

species. 

8. Over my career I have developed, freely distributed, and supported software tools 

for guiding species conservation and population management. My approach has always been to 

provide tools for powerful and flexible analyses, within user interfaces that are accessible to 

wildlife managers, students, and others who might not have expertise with computer languages 

and systems. Consequently, the tools are now used globally to guide population management in 

nature reserves and zoos, viability analyses and recovery planning by wildlife agencies, and 
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integrated assessment of threats to species. The software is used also to teach students about 

population biology and conservation in many universities. 

Population Viability Analysis 

9. Population viability analysis (PVA) is a class of scientific techniques that uses 

demographic modeling to assess risks to wildlife populations and evaluate the likely efficacy of 

protection, recovery, or restoration options (Shaffer 1990; Boyce 1992; Burgman et al. 1993; 

Sjögren-Gulve and Ebenhard 2000; Beissinger and McCullough 2002; Morris and Doak 2002). 

(All references cited in this Declaration are listed in Exhibit A.) PVA usually starts with standard 

demographic analysis (“life table analysis”) to make deterministic projections of the expected 

population growth rate from the mean birth and death rates (Ricklefs 1990; Caswell 2001). PVA 

then extends the standard demographic projections in two important ways: (1) the impacts of 

forces external to the population (e.g., changing habitat quality, extent, and configuration; 

interactions with other species in the community; impacts of disease or contaminants; harvest, 

incidental killing, or other direct human impacts) on the demographic rates are explicitly 

considered and evaluated, and (2) uncertainty in the population trajectory caused by intrinsic 

(e.g., demographic stochasticity, limitations in local mate availability or other density dependent 

feedbacks, inbreeding impacts) and extrinsic (e.g., environmental variation, occasional 

catastrophes) factors can be explicitly modeled, usually through the use of simulation modeling. 

The outputs of PVA include any desired measure of population performance, but commonly 

assessed metrics include projected mean population size (N) over time, population growth rates 

(r), expected annual fluctuations in both N and r, probability of population extinction, and 

probabilities of quasi-extinction (the likelihood of N falling below any specified number within a 

specific number of years). These outputs are used to assess risk (e.g., for listing under the 
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Endangered Species Act or other protective regulations), assess vulnerability to possible threats, 

determine sustainable harvest in the context of uncertainty, and determine the suites of actions 

that would be needed to achieve stated resource protection or restoration goals. 

10.  A requirement for any PVA model to provide sufficiently accurate and robust 

projections to allow estimation of population performance is the availability of detailed 

demographic data. Model input is required from the focal population or comparable reference 

populations for mortality rates, aspects of reproduction (e.g., age of breeding, age of reproductive 

senescence, inter-birth intervals, and infant survival), population size, and habitat carrying 

capacity – as well as the natural fluctuations in these rates. The difficulty in obtaining sufficient 

demographic data on endangered or protected species is a common challenge to the usefulness of 

PVA models, and many practitioners consequently recommend that PVA models be used only to 

provide assessments of relative risk and relative value of management options, rather than 

absolute measures of population trajectories. In the case of the Southern Resident Killer Whale 

population, however, demographic data are available from studies by the Center for Whale 

Research and others that are unprecedented in duration and detail of data collection. This 

exceptional data set provides a complete census of the total abundance as well as the age and sex 

composition of the Southern Resident Killer Whale population from 1976 to 2020. This allows 

for much more accurate projections of population performance and the ability to compare 

predicted trajectories to the precisely documented fate of the population. 

11. PVA models were developed initially for quantifying future risk to populations 

that are vulnerable to collapse due to a combination of threatening processes (Shaffer 1990). 

They were soon recognized to be more reliable for assessing relative risk than absolute 

probabilities of decline or extinction (Beissinger and McCullough 2002; but see Brook et al. 
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2000 for evidence that even absolute predictions of population trends can be accurate), and have 

become most useful in the identification of conservation actions that are most likely to achieve 

conservation goals (Sjögren-Gulve and Ebenhard 2000). The same methods can be used to 

quantify injury caused by an externally imposed stress, by comparing measures of population 

performance in the presence vs. absence of the stress, and to determine what actions would be 

needed to reverse the impact, restore the population to pre-injury health, and compensate for 

interim losses. The PVA forecasts can then be used to set the targets for expected performance 

under proposed restoration plans. 

12. The Vortex PVA model that I developed (Lacy and Pollak 2020) is what is known 

as an individual-based model that projects the fate of each individual in a population. It simulates 

the effects of both deterministic forces and demographic, environmental and genetic stochastic 

(or random) events on wildlife populations. Vortex models population dynamics as sequential 

events that are determined for each individual in a population with probabilities determined from 

user-specified distributions. Vortex simulates a population by stepping through a series of events 

that describe an annual cycle of a sexually reproducing  organism: mate selection, reproduction, 

mortality, dispersal, incrementing of age by one year, any managed removals from, or 

supplementation to, the populations, and limitation of the total population size (habitat “carrying 

capacity”). The simulations are iterated to generate the distribution of fates that the population 

might experience. Vortex tracks the sex, age, and parentage of each individual in the population 

as demographic events (birth, sex determination, mating, dispersal, and death) are simulated. A 

detailed description of the program structure is provided in Lacy (1993; 2000) and details about 

the use of Vortex are provided in the manual (Lacy et al. 2020).  

13. The Vortex PVA modeling software is well-suited for the analyses of threats to 
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the Southern Resident Killer Whale population, as Vortex is the most widely used, tested, and 

validated individual-based PVA model, and it is publicly accessible so that anyone can re-

examine and repeat published analyses. It is highly flexible in allowing all input demographic 

parameters to be specified optionally as functions of external forces or as rates that change over 

time. Vortex has been used for modeling population dynamics of various marine mammal 

species (including bottlenose dolphins, Indo-Pacific bottlenose dolphins, baiji, manatees, 

dugongs, Hawaiian monk seals, and Mediterranean monk seals), as well as thousands of other 

species. Vortex has been shown to produce projections that accurately forecast dynamics of well-

studied populations (Brook et al. 2000). Both NMFS in its 2019 SEAK BiOp (e.g., pp. 86, 90, 

311) and Fisheries and Oceans Canada (Murray et al. 2019, e.g., pp. 3-5, 30, 33, 44, 62) have 

relied on analyses completed with Vortex for assessing the status of the Southern Resident Killer 

Whales.  

Southern Resident Killer Whales 

14. In 2015, at the request of Canada’s National Energy Board (“NEB”), I led a team 

of six scientists conducting a PVA of the risk associated with aspects of the proposed Trans 

Mountain Expansion Project (Project) on the endangered Southern Resident Killer Whales. In 

that analysis, the PVA model was used to estimate the increased risk to the Southern Resident 

Killer Whales from three threats associated with the marine shipping component of the Project: 

an oil spill, increased acoustic and physical disturbance from ships, and ship strikes. The report 

also examined the possible effects of decreased Chinook salmon prey base that might result from 

climate change or human activities, and evaluated those impacts in comparison to the more 

immediate threats of the proposed Project and as the environmental context within which the 

impacts of the Project are likely to occur. The report to NEB (Lacy et al. 2015), including 
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detailed descriptions of the methods and the data used in the PVA, is publicly available at 

http://docs.neb-one.gc.ca/fetch.asp?language=E&ID=A4L9G2. The analyses were extended and 

published in a peer-reviewed scientific paper (Lacy et al. 2017). Further updating of analyses 

using demographic data on the population through 2018 (Lacy et al. 2018) was submitted to 

NEB and is available at https://apps.cer-rec.gc.ca/REGDOCS/Search?txthl=A96429-

3%20A%20-%20Expert%20Report%20of%20Lacy%20et%20al%20-%202018%20-

%20Final%20-%20A6L5R2. 

15. As of 2015 and 2017, based on status quo conditions, we projected the Southern 

Resident Killer Whale population would remain about at its current size or continue a very slow 

decline (estimated at a mean annual decline of 0.2%). We projected a 9% chance of quasi-

extinction within the next 100 years, where the population falls below 30 whales and is no longer 

viable. 

16. I have now updated the PVA model again, using fecundity and survival rates 

calculated from the detailed records from 1976 through 2018 and applying those rates to the 

current population of 72 Southern Resident Killer Whales. The following graph shows the mean 

projected population size (heavier, middle line) and the uncertainty in the trajectory (upper and 

lower lines showing + 1 standard deviation among independent repeated simulations of the 

population).  
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17. With current data, and if the Chinook availability remains at the mean level of the 

past few decades, the model projects a mean annual decline in the population of Southern 

Resident Killer Whales of about 1.0%. This is close to what has been occurring recently, and it 

compares to our 2018 projection of a smaller decline of 0.6% per year (Lacy et al. 2018). About 

half of difference between the 2018 and 2020 projections is due to the fact that the population is 

aging (with the mean age of living whales now just over 22 years, whereas it was just over 21 

years in 2018), and more animals are now post-reproductive or nearing post-reproductive age. 

The other half of the difference is due to the fact that we now have parentage data for more of the 

animals, and that allows us to have more complete estimates of kinships among animals, and that 

in turn leads to slightly higher estimates of current and future inbreeding. 

18. For our model, we obtained estimates of the impact of Chinook prey abundance 

on the reproductive rates and survival rates of the Southern Resident Killer Whales from 

published scientific reports (Ward et al. 2009; Velez-Espino et al. 2015; Ford et al. 2010). We 
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scaled the numerical relationships so that the mean demographic rates observed in the Southern 

Resident Killer Whales from 1976 through 2015 were correctly predicted. (The details of the 

methodology are documented in Lacy et al. 2015 and Lacy et al. 2017 publications.) We then use 

these relationships to project the Southern Resident Killer Whale population trajectory in several 

scenarios that tested the impact of prey availability, expressed as a percent change in the annual 

abundance of Chinook salmon available as prey to the Southern Resident Killer Whales from the 

mean level over the last three decades.  

19. The abundance of Chinook varies over time, and that variation in prey can be 

entered into the PVA model. However, as documented in the 2019 SEAK BiOp, the extent of 

that variation is very dependent on which stocks of Chinook are assessed, and it is not known 

precisely what proportion of the Southern Resident Killer Whale diet is composed of salmon 

from each stock. I examined the model projections with the Chinook abundance varying 

randomly across years around the long-term mean values being tested. I found that such an 

elaboration of the model had very little effect on the long-term projections for the Southern 

Resident Killer Whale population. This occurs because killer whales are very long-lived and 

slow breeders, so year to year fluctuations in demography will average out over their lifespans.  

Therefore, as was done in our prior PVA reports, the results from analyses presented in this 

declaration assume that the abundance of Chinook is at a fixed level each year and does not vary 

randomly around that value.  

20. Also included in the model are the current estimates of both PCBs and noise 

disturbance, based on published estimates of the current magnitudes and effects of these threats 

(Hall et al. 2011; Hall and Williams 2015; Lusseau et al. 2009). These threats are part of the 

current environment for the Southern Resident Killer Whale, and they interact with the effect of 
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prey limitation. (The documented impact of noise disturbance is via a reduction in time that the 

Southern Resident Killer Whales spend feeding. The primary impact of PCBs is on survival of 

calves, compounding the reduction in survival that occurs with low prey availability.) Only with 

these effects of PCB and noise disturbance in the model do we accurately predict the recent 

observed rate of decline of the population. However, even if these other threats were completely 

eliminated—which is not possible in the near term and unlikely in the long term—our modeling 

shows that there would not be adequate prey available to achieve the population growth goal 

established in the Recovery Plan for the Southern Resident Killer Whale (Lacy et al. 2017).  

21. By applying the published relationships of Southern Resident Killer Whale 

reproductive and survival rates to Chinook abundance, and then testing the benefits to Southern 

Resident Killer Whales of incremental improvements in the abundance of Chinook prey, the 

model shows that to achieve a mean zero population growth (i.e., to stop the decline), there 

would need to be a sustained 10% increase (relative to the 1976-2015 average) in the mean 

abundance of the Chinook stocks available as prey to the Southern Resident Killer Whales.  

22. The analyses conducted in 2015, 2017, and 2018 estimated that a 30% increase in 

Chinook could achieve the 2.3% growth called for in the Southern Resident Killer Whale 

Recovery Plan. With the further decline that has occurred in the population in the last few years, 

our analysis of the 2020 population now projects that a 30% increase in Chinook would result in 

about 2% growth per year, and a 35% increase in prey would be necessary to meet the recovery 

goal. The graph below shows the expected Southern Resident Killer Whale population growth 

across a range of levels of Chinook abundance. The two horizontal lines indicate zero population 

growth and the 2.3% growth goal of the Recovery Plan. 
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NMFS’ Biological Opinion and Impact on Southern Resident Killer Whale Population 

23. I was provided with NMFS’ 2019 SEAK BiOp for Southeast Alaska salmon 

fisheries at issue in this matter. I reviewed it closely. In the 2019 SEAK BiOp, NMFS 

acknowledges that the Southern Resident Killer Whale population is declining, and that is at 

least partly and maybe mostly due to inadequate prey availability. The 2019 SEAK BiOp cites 

my previous work (p. 311) as evidence that the biggest threat is that lack of prey, although other 

factors such as noise, PCBs, oil spills, and other environmental factors all make things worse.  

24. In several places, and in various ways, the 2019 SEAK BiOp estimates the 

reduction in prey available for Southern Resident Killer Whales caused by the Southeast Alaska 

fisheries (e.g., Tables 41, 42, and 97) as between 2-15% in coastal fisheries and 1-2% in inland 

fisheries. However, there is significant uncertainty depending on which salmon stocks and for 

which years the calculations are based. Importantly, the BiOp does not explain how the various 

percentage reductions mentioned translate to corresponding changes in the total mean abundance 

of Chinook that provide potential prey for Southern Resident Killer Whales, which is what is 
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required for accurate projections of the benefits expected from reductions in the fisheries. The 

2019 SEAK BiOp directly states (p. 94) “the impact of reduced Chinook salmon harvest on 

future availability of Chinook salmon to the Southern Residents is not clear.” 

25. The 2019 SEAK BiOp also discusses possible mitigation measures, which could 

increase the prey availability for Southern Resident Killer Whales. The 2019 SEAK BiOp 

estimates the newly negotiated 2019 Pacific Salmon Treaty will reduce the Southeast Alaska 

fishery annual harvest of Chinook by up to 7.5% relative to the harvest under the 2009 Treaty. A 

proposed increase in hatchery production mitigation seeks to provide 4 to 5% increase in prey 

available to the Southern Resident Killer Whales. The increase in hatchery production is not yet 

funded, so I would expect a delay of at least 5 to 10 years to account for allocation of funds, 

construction of any new facilities, increased programs of production, and then return of hatchery 

raised Chinook as mature adults.   

26. I applied these estimates from the 2019 SEAK BiOp to the Vortex PVA model, in 

order to project the consequences of the possible scenarios described in the 2019 SEAK BiOp. 

The estimated 7.5% (maximum) reduction in the Southeast Alaska fishery, applied to a typical 

6% reduction in prey available to the Southern Resident Killer Whales caused by the Southeast 

Alaska fishery as a whole (the 6% being an approximate middle value from the many estimates 

made in the BiOp), results in a less than 0.5% increase in the Southern Resident Killer Whale 

prey. This is only 1/20th of the 10% increase that is needed to achieve even a cessation of the 

decline in Southern Resident Killer Whale population.  
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27. To estimate the possible reductions in threats to the Southern Resident Killer 

Whale that might be achieved with greater reductions in the Chinook fisheries, I projected a 

Southern Resident Killer Whale population growth with an immediate 6% increase in Chinook 

prey, and a 3% and a 12% increase in prey (half and double the middle estimate, covering most 

of the range of values reported in the 2019 SEAK BiOp for specific stocks and years). As shown 

in the following graph, with the existing baseline in blue (bottom line), the PVA projections for 

these scenarios show that the 3% increase in Chinook results in a mean 0.7% decline in Southern 

Resident Killer Whale population per year (green line), the 6% increase in Chinook results in a 

mean 0.4% decline of the Southern Resident Killer Whale population (purple line), and the 12% 

increase results in 0.3% positive growth annually (top, black line). 

28. The impacts on Southern Resident Killer Whales of other estimates of prey 

increases that could be achieved by reductions in the fisheries can be extrapolated from the 

projections of Southern Resident Killer Whale population growth across a range of levels of 

Chinook abundance, as shown in the graph in paragraph 22, above. 
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29. I projected the benefits to the Southern Residents of possible (but not yet funded) 

hatchery projects assuming a 5% increase in Chinook, beginning either 5 years or 10 years in the 

future. With either time scale for implementation and return of the hatchery-produced Chinook, 

the mean long-term consequence is a slowing of the decline in Southern Resident Killer Whales 

from 1.0% to 0.5% per year; therefore, not enough improvement to completely halt the decline. 

The difference between a 5-year delay and a 10-year delay in enhancement is that by year 10, the 

slower implementation will result in the Southern Resident Killer Whale population having 

declined by about 2 more whales before the improvement can begin to take effect. The following 

graph shows the projections if the mitigation measures achieve a 5% increase in Chinook (as 

estimated from the proposed hatchery expansion) instantly (top, blue line), after 5 years (middle, 

orange line), or after 10 years (bottom, red line). As this graph plainly demonstrates, delays in 

implementation of these theoretical mitigation measures have a very real and lasting impact on 

the Southern Resident population. Notably, it also shows that the proposed measure – even if 

implemented immediately – is not enough to stop the decline of Southern Residents.  
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30. Combining the actions of reducing the Southeast Alaska Chinook fishery and 

increasing abundance to the Southern Resident Killer Whale of hatchery-raised Chinook, and 

possibly other mitigating actions as well (such as additional reductions in additional fisheries 

managed under the Pacific Salmon Treaty), could achieve the 10% increase in prey necessary for 

stabilization of the Southern Resident Killer Whale population or even greater increases in prey 

that would allow for recovery of the Southern Resident Killer Whales. Importantly, however, 

none of the scenarios proposed in the 2019 SEAK BiOp are projected to achieve this 10% 

increase in prey abundance. The analyses described above in paragraph 22 document the long-

term growth in the Southern Resident Killer Whale population that could be achieved if Chinook 

abundance is increased by 35% above the mean levels of the last three decades.  

31. Implementing mitigation measures, however, will likely require time. To examine 

responses of the Southern Resident Killer Whale population to delayed implementation, I tested 

models with increases in the prey abundance starting either 5 years or 10 years from now. The 

following graph shows the mean projected Southern Resident Killer Whale population size when 

a 10% increase in Chinook is implemented immediately (top, blue line), after 5 years (middle, 

orange line), or after 10 years (bottom, red line). The long-term population growth rates after 

implementation again show that a 10% increase in prey is needed to stop the decline of Southern 

Resident Killer Whales. However, before that positive result is achieved, the population will 

have lost 4 whales if implementation takes 5 years, or 8 whales if implementation takes 10 years, 

relative to the expected population size if the increase in prey were achieved immediately. With 

positive growth of Southern Resident Killer Whale numbers after implementation of sufficient 

mitigation measures, a delay in implementation results in a loss of the potential initial years of 

recovery, and that lack of growth for those initial years leaves the population at a deficit in 
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numbers throughout the subsequent recovery compared to what could have been. A 20% increase 

in Chinook allows for a long-term population growth of about 1% annually, but a delay of 5 or 

10 years results in a loss of 8 or 16 whales before the growth begins, respectively, relative to the 

expected population size if growth had started in 2020. 

32. In summary, although the 2019 SEAK BiOp does not provide management targets 

for slowing, stopping, or reversing the decline of the Southern Resident Killer Whale population, 

and it does not give specific estimates of the benefits to the Southern Resident Killer Whales of 

the proposed mitigation measures, for the above analyses I extracted from the 2019 SEAK BiOp 

what I could regarding the expected benefits of proposed actions. The 2019 SEAK BiOp 

provides various estimates of changes to Chinook stocks that might be expected from two of the 

mitigation measures – a reduction in the Southeast Alaska Chinook fishery as specified in the 

2019 Pacific Salmon Treaty, and a proposed hatchery expansion – and it mentions other possible 

actions, such as habitat improvements, for which there is no quantification of expected results. 

Only if the additional, as yet unquantified, mitigation measures can boost Chinook abundance by 
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another 5%, would the combined effect of the proposed actions yield the 10% increase in 

Chinook that is necessary to halt the decline of the Southern Resident Killer Whales. The 

following graph summarizes the expected trajectory of the Southern Resident Killer Whale 

population if no changes are made from current conditions (bottom, red line), if a 0.5% increase 

in overall Chinook available to Southern Resident Killer Whales is produced by the reduced 

Chinook harvest in the 2019 Pacific Salmon Treaty (black line), if a 5% increase in Chinook is 

achieved by the hatchery mitigation (orange line), or if sufficient actions can be taken to achieve 

a 10% increase in Chinook (top, green line).  

Conclusions 

33. Based on previously published analyses, the results of updated models, my 

professional experience, and the information contained in the 2019 SEAK BiOp, I make the 

following conclusions with a reasonable degree of certainty: 
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a. The Southern Resident Killer Whale population is in decline, and the projected 

status has deteriorated in just the past few years. The PVA models, using the latest 

available data on the current numbers, reproduction, and survival, project 

accurately the recent population changes. 

b. The abundance of Chinook salmon prey available to the Southern Resident Killer 

Whales is a critical determinant of Southern Resident Killer Whale reproductive 

success and survival. 

c. The mean Chinook abundance over recent years is not enough to allow 

reproduction by the Southern Resident Killer Whales sufficient to offset 

mortalities. An increase of about 10% in Chinook abundance would be required to 

stop the decline of Southern Resident Killer Whales, and an increase of about 

35% in Chinook abundance would be required to achieve the healthy population 

growth rate of 2.3% that is the stated goal in the Southern Resident Killer Whale 

Recovery Plan. 

d. The proposed mitigation measures in the 2019 SEAK BiOp have not been shown 

to be adequate to protect the future of the Southern Resident Killer Whale 

population – a short-coming that is admitted even within the 2019 SEAK BiOp. 

The quantitative estimates made in the 2019 SEAK BiOp would account for, at 

best and after full implementation, a reduction of half in the rate of decline in 

numbers of Southern Resident Killer Whales.  

e.  Full closure of the Southeast Alaska Chinook fishery, especially if combined 

with other mitigation measures, could result in enough prey to sustain a growing 

population of Southern Resident Killer Whales. Further enhancement measures 
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would be required to achieve the recovery goals set in the Recovery Plan for the 

Southern Resident Killer Whale. The last graph, below, shows projected Southern 

Resident Killer Whale numbers under current environmental conditions and 

management (bottom, red line), with the 5% increase in Chinook prey after 5 

years, projected to result from the proposed hatchery enhancements (orange line), 

with a 6% increase in Chinook prey as might be achieved if the Southeast Alaska 

Chinook fishery is immediately closed (black line), with both the proposed 

hatchery project plus an additional 6% increase in Chinook abundance (blue line), 

or if a 12% increase in prey is achieved by the closure of the Southeast Alaska 

Chinook fishery (top, green line). The amount of increase in Chinook abundance 

as a result of reductions or closure of fishery harvests and other measures is 

uncertain, so responses of both the Chinook abundance and then the Southern 

Resident Killer Whale demography should be monitored closely, with adaptive 

management adjusting mitigation and enhancement measures as needed. 
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Lacy, R.C. 1988. A report on population genetics in conservation. Conservation Biology 
2:245-247. 
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Lacy, R.C. 1988. Conservation genetics at Brookfield Zoo and the Brookfield-Melbourne 
genetics research programme. Bulletin of Zoo Management 26:27-29. 

Lacy, R.C. and T.W. Clark. 1989. Genetic variability in black-footed ferret populations: Past, 
present, and future. Pages 83-103 in U.S. Seal, E.T. Thorne, M.A. Bogan, and S.H. 
Anderson (eds.), Conservation Biology and the Black-Footed Ferret. Yale University 
Press, New Haven. 

Lacy, R.C. 1989. How many pairs are needed on the ark?  Bison 4:24-28. 
Lacy, R.C. 1989. Analysis of founder representation in pedigrees: Founder equivalents and 

founder genome equivalents. Zoo Biology 8:111-124. 
Lacy, R.C, Flesness, N.R., and Seal, U.S. 1989. Puerto Rican parrot population viability 

analysis. Report to the U.S. Fish and Wildlife Service. IUCN SSC Captive Breeding 
Specialist Group, Apple Valley, Minnesota. 

Seal, U.S. and R.C. Lacy. 1989. Florida panther population viability analysis. Report to the 
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U.S. Fish and Wildlife Service. IUCN SSC Captive Breeding Specialist Group, Apple 
Valley, Minnesota. 

Paine, F.L., J.D. Miller, G. Crawshaw, B. Johnson, R. Lacy, C.F. Smith III, and P.J. Tolson. 
1990. Status of the Puerto Rican crested toad. International Zoo Yearbook 28:53-58. 

Maguire, L.A. and R.C. Lacy. 1990. Allocating scarce resources for conservation of endangered 
subspecies: Partitioning zoo space for tigers. Conservation Biology 4:157-166. 

Brewer, B.A., R.C. Lacy, M.L. Foster, and G. Alaks. 1990. Inbreeding depression in  
insular and central populations of Peromyscus mice. Journal of Heredity 81:257-266. 

Maguire, L.A., R.C. Lacy, R.J. Begg, and T.W. Clark. 1990. An analysis of alternative 
strategies for recovering the eastern barred bandicoot in Victoria. Pages 147-164 in T.W. 
Clark and J.H. Seebeck (eds.), The Management and Conservation of Small Populations. 
Chicago Zoological Society, Brookfield, Illinois. 

Lacy, R.C. and T.W. Clark. 1990. Population viability assessment of the eastern barred 
bandicoot in Victoria. Pages 131-146 in T.W. Clark and J.H. Seebeck (eds.), The 
Management and Conservation of Small Populations. Chicago Zoological Society. 

George, G.G., J. Dixon, G. Challis, and R.C. Lacy. 1990. Taxonomy and palaeontology 
of the eastern barred bandicoot. Pages 33-46 in T.W. Clark and J.H. Seebeck (eds.), The 
Management and Conservation of Small Populations. Chicago Zoological Society.  

Seal, U.S. and R.C. Lacy. 1990. Florida Key Deer (Odocoileus virginianus clavium) 
population viability assessment. Report to the U.S. Fish and Wildlife Service. IUCN SSC 
Captive Breeding Specialist Group, Apple Valley, Minnesota. 

Lindenmayer, D.B., V.C. Thomas, R.C. Lacy, and T.W. Clark. 1991. Population Viability 
Analysis (PVA):  The concept and its applications, with a case study of Leadbeater's 
Possum, Gymnobelideus leadbeateri McCoy. Report to the Forest and Timber Inquiry 
(Resource Assessment Commission), Consultancy Series No. FTC91/18, Canberra, 
Australia. 170 pp. 

Clark, T.W., G.N. Backhouse, and R.C. Lacy. 1991. The population viability assessment 
workshop: A tool for threatened species management. Endangered Species Update 8:1-5. 

Clark, T.W., G.N. Backhouse, and R.C. Lacy. 1991. Report of a workshop on population 
viability assessment as a tool for threatened species management and conservation. 
Australian Zoologist 27:28-35. 

Lacy, R.C. 1991. Zoos and the surplus problem: An alternative solution. Zoo Biology 
10:293-297. 

Johnston, L.A. and R.C. Lacy. 1991. Utilization of sperm banks to maintain genetic diversity in 
captive populations of wild cattle. Pages 107-118 in D.L. Armstrong and T.S. Groves 
(eds.), Wild Cattle Symposium Proceedings. Henry Doorly Zoo, Omaha, Nebraska. 

Seal, U.S., R.C. Lacy, K. Medley, R. Seal, and T.J. Foose. 1991. Tana River Primate 
Reserve Conservation Assessment Workshop Report. IUCN SSC Captive Breeding 
Specialist Group, Apple Valley, Minnesota. 

Mirande, C., R. Lacy, and U. Seal. 1991. Whooping crane (Grus americana) conservation 
viability assessment workshop report. IUCN SSC Captive Breeding Specialist Group, 
Apple Valley, Minnesota. 

Foose, T.J., R.C. Lacy, R. Brett, and U.S. Seal. 1991. Kenya black rhinoceros metapopulation 
workshop report. IUCN SSC Captive Breeding Specialist Group, Apple Valley, 
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Minnesota.  
Lacy, R.C. 1992. The effects of inbreeding on isolated populations: Are minimum viable 

population sizes predictable?  Pages 277-296 in P.L. Fiedler and S.K. Jain (eds.), 
Conservation Biology: The Theory and Practice of Nature Conservation, Preservation 
and Management. Chapman and Hall, New York.  

Lacy, R.C. and T. Kreeger. 1992. VORTEX Users Manual. A stochastic simulation of the 
extinction process. IUCN SSC Captive Breeding Specialist Group, Apple Valley, 
Minnesota. 

Seal, U.S., R.C. Lacy, et al. 1992. Genetic management strategies and population viability 
of the Florida panther (Felis concolor coryi). Report to the U.S. Fish and Wildlife 
Service. IUCN SSC Captive Breeding Specialist Group, Apple Valley, Minnesota. 

Ellis, S., K. Hughes, C. Kuehler, R. Lacy, and U. Seal. 1992. `Alala, Akohekohe, and 
Palila Population and Habitat Viability Assessment Reports. IUCN SSC Captive 
Breeding Specialist Group, Apple Valley, Minnesota. 

Ellis, S., C. Kuehler, R. Lacy, K. Hughes, and U. Seal. 1992. Hawai`ian forest birds 
conservation assessment and management plan. IUCN SSC Captive Breeding Specialist 
Group, Apple Valley, Minnesota. 

Lacy, R.C. 1993. Impacts of inbreeding in natural and captive populations of vertebrates: 
Implications for conservation. Perspectives in Biology and Medicine 36:480-496. 

Lacy, R.C. 1993. VORTEX: A computer simulation model for Population Viability 
Analysis. Wildlife Research 20:45-65. 

Lacy, R.C. 1993. GENES: A computer program for the analysis of pedigrees and genetic  
management of populations. Chicago Zoological Society, Brookfield, Illinois. 

Lacy, R.C. and T.W. Clark. 1993. Simulation modeling of American marten populations: 
Vulnerability to extinction. Great Basin Naturalist 53:282-292. 

Lacy, R.C., A.M. Petric, and M. Warneke. 1993. Inbreeding and outbreeding depression in 
captive populations of wild species. Pages 352-374 in N.W. Thornhill (ed.), The Natural 
History of Inbreeding and Outbreeding. University of Chicago Press. 

Lindenmayer, D.B., R.C. Lacy, V.C. Thomas, and T.W. Clark. 1993. Predictions of the impacts 
of changes in population size and environmental variability on Leadbeater's Possum, 
Gymnobelideus leadbeateri McCoy (Marsupialia: Petauridae) using Population Viability 
Analysis: an application of the computer program VORTEX. Wildlife Research 20:67-
86. 

Lindenmayer, D.B., T.W. Clark, R.C. Lacy, and V.C. Thomas. 1993. Population viability  
analysis as a tool in wildlife conservation policy: With reference to Australia. 
Environmental Management 17:745-758. 

Lindenmayer, D.B. and R.C. Lacy. 1993. Using a computer simulation package for PVA to  
model the dynamics of sub-divided populations: An example using hypothetical meta-
populations of the mountain brushtail possum. International Congress on Modelling and 
Simulation. Proceedings. 2:615-620. 

Lacy, R.C. 1993/1994. What is Population (and Habitat) Viability Analysis? Primate 
Conservation 14/15:27-33. 

Lacy, R.C. 1994. Review of Hartl, G.B. and Markowski, J. (eds.) Ecological genetics in 
mammals. Journal of Mammalogy 75:1090-1093. 
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Jiménez, J.A., K.A. Hughes, G. Alaks, L. Graham, and R.C. Lacy. 1994. An experimental 

study of inbreeding depression in a natural habitat. Science 266:271-273. 
Lacy, R.C. 1994. Managing genetic diversity in captive populations of animals. Pages 63-89 

in M.L. Bowles and C.J. Whelan (eds.), Restoration and Recovery of Endangered Plants 
and Animals. Cambridge University Press, Cambridge. 

Lacy, R.C. 1995. A sibling is as valuable as an offspring: Reply to Xia. American Naturalist 
145:480-482. 

Lindenmayer, D.B. and R.C. Lacy. 1995. Metapopulation viability of Leadbeater's Possum, 
Gymnobelideus leadbeateri, in fragmented old-growth forests. Ecological Applications 
5:164-182. 

Lindenmayer, D.B. and R.C. Lacy. 1995. Metapopulation viability of arboreal marsupials in 
fragmented old-growth forests: comparison among species. Ecological Applications 
5:183-199.  

Lacy, R.C., J.D. Ballou, F. Princée, A. Starfield, and E. Thompson. 1995. Pedigree 
analysis. Pages 57-75 in J.D. Ballou, M. Gilpin, and T.J. Foose (eds.), Population 
Management for Survival & Recovery. Analytical Methods and Strategies in Small 
Population Conservation. Columbia University Press, New York. 

Ballou, J.D. and R.C. Lacy. 1995. Identifying genetically important individuals for 
management of genetic diversity in pedigreed populations. Pages 76-111 in J.D. Ballou, 
M. Gilpin, and T.J. Foose (eds.), Population Management for Survival & Recovery. 
Analytical Methods and Strategies in Small Population Conservation. Columbia 
University Press, New York.  

Johnston, L.A. and R.C. Lacy. 1995. Genome resource banking for species conservation: 
Selection of sperm donors. Cryobiology 32:68-77. 

Lacy, R.C. 1995. Culling surplus animals for population management. Pages 187-194 in B.G. 
Norton, M. Hutchins, E.F. Stevens, and T.L. Maple (eds.) Ethics on the ark: Zoos, animal 
welfare, and wildlife conservation. Smithsonian Institution Press, Washington, DC. 

Lindenmayer, D.B. and R.C. Lacy. 1995. A simulation study of the impacts of population 
subdivision on the mountain brushtail possum, Trichosurus caninus Ogilby 
(Phalangeridae: Marsupialia), in south-eastern Australia. I. Demographic stability and 
population persistence. Biological Conservation 73:119-129. 

Lacy, R.C. and D.B. Lindenmayer. 1995. A simulation study of the impacts of population 
subdivision on the mountain brushtail possum, Trichosurus caninus Ogilby 
(Phalangeridae: Marsupialia), in south-eastern Australia. II. Loss of genetic variation 
within and between subpopulations. Biological Conservation 73:131-142. 

Lindenmayer, D.B., M.A. Burgman, H.R. Akçakaya, R.C. Lacy, and H.P. Possingham. 1995.  
A review of the generic computer programs ALEX, RAMAS/space and VORTEX for 
modelling the viability of wildlife metapopulations. Ecological Modelling 82:161-174.  

Lacy, R.C. 1995. Clarification of genetic terms and their use in the management of captive 
populations. Zoo Biology 14:565-577. 

Lacy, R.C. 1995. Conservation geneticists make their case. (Book review.) Ecology  
76:1684-1685. 

Lacy, R.C., K.A. Hughes, and P.S. Miller. 1995. VORTEX Version 7 users manual. A  
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stochastic simulation of the simulation process. IUCN/SSC Conservation Breeding 
Specialist Group. Apple Valley, Minnesota.  

Altmann, J., S.C. Alberts, S.A. Haines, J. Dubach, P. Muruthi, T. Coote, E. Geffen, D.J. 
Cheesman, R.S. Mututua, S.N. Saiyalel, R.K. Wayne, R.C. Lacy, and M.W. Bruford. 
1996. Behavior predicts genetic structure in a wild primate group. Proc. Nat. Acad. Sci. 
USA 93:5797-5801. 

Lacy, R. 1996.  Further population modelling of northern white rhinoceros under various  
management scenarios.  Appendix 3 in T.J. Foose (ed.). Summary – Northern White 
Rhinoceros Conservation Strategy Workshop. International Rhino Foundation, 
Cumberland, Ohio. 

Lacy, R.C. and B.E. Horner. 1996. Effects of inbreeding on skeletal development of Rattus 
villosissimus. Journal of Heredity 87:277-287. 

Lacy, R.C., G. Alaks, and A. Walsh. 1996. Hierarchical analysis of inbreeding depression in 
Peromyscus polionotus. Evolution 50:2187-2200. 

Hedrick, P.W., R.C. Lacy, F.W. Allendorf, and M.E. Soulé. 1996. Directions in 
conservation biology: Comments on Caughley. Conservation Biology 10:1312-1320. 

Lacy, R.C. 1996.  Review of J.C. Avise and J.L. Hamrick (eds.). Conservation Genetics: Case  
histories from nature. Quarterly Review of Biology 71:566. 

Lacy, R.C. 1997. Importance of genetic variation to the viability of mammalian populations. 
Journal of Mammalogy 78:320-335. 

Lacy, R.C. and B.E. Horner. 1997. Effects of inbreeding on reproduction and sex ratio of Rattus 
villosissimus. Journal of Mammalogy 78:877-887. 

Ballou, J.D., R.C. Lacy, D. Kleiman, A. Rylands, and S. Ellis. 1998. Leontopithecus II.  
The second Population and Habitat Viability Assessment for Lion Tamarins 
(Leontopithecus). IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, 
MN. 

Lindenmayer, D.B., R.C. Lacy, and K.L. Viggers. 1998. Modelling survival and capture  
probabilities of the mountain brushtail possum (Trichosurus caninus) in the forests of 
south-eastern Australia using trap-recapture data. Journal of Zoology 245:1-13. 

Lacy, R.C. and J.D. Ballou. 1998. Effectiveness of selection in reducing the genetic load in  
populations of Peromyscus polionotus during generations of inbreeding. Evolution 
52:900-909. 

Miller, P.S. and R.C. Lacy. 1999. VORTEX Version 8 users manual. A stochastic simulation of  
the simulation process. IUCN/SSC Conservation Breeding Specialist Group. Apple 
Valley, Minnesota.  

Brook, B.W., J.R. Cannon, R.C. Lacy, C. Mirande, and R. Frankham. 1999. Comparison of the  
population viability analysis packages GAPPS, INMAT, RAMAS and VORTEX for the 
whooping crane (Grus americana). Animal Conservation 2:23-31. 

Araya, B., D. Garland, G. Espinoza, A. Sanhuesa, A. Simeone, A. Teare, C. Zavalaga, R. Lacy,  
and S. Ellis. (eds.) 1999. Taller Análisis de la Viabilidad del Hábitat y de la Población del 
Pinguino Humboldt (Spheniscus humboldti). Informe final. IUCN/SSC Conservation 
Breeding Specialist Group, Apple Valley, MN. 

Cooper, J., D. Oschadleus, L. Shannon, M. Thornton, P. Whittington, R. Lacy, and S. Ellis (eds.)  
1999. African Penguin Population and Habitat Viability Assessment. IUCN/SSC 
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Conservation Breeding Specialist Group, Apple Valley, MN. 
Lindenmayer, D.B., R.C. Lacy, H. Tyndale-Biscoe, A.C. Taylor, K.L. Viggers, and M.L. Pope.  

1999. Integrating demographic and genetic studies of the Greater Glider Petauroides 
volans in fragmented forests: predicting movement patterns and rates for future testing. 
Pacific Conservation Biology 5:2-8. 

Ellis, S., R.C. Lacy, S. Kennedy-Stoskopf, D.E. Wildt, J. Shillcox, O. Byers, and U.S. Seal. 
1999. Florida panther population and habitat viability assessment and genetics workshop 
report. IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, MN. 

Lindenmayer, D.B., R.C. Lacy, and M.L. Pope. 2000. Testing a simulation model for Population  
 Viability Analysis. Ecological Applications 10:580-597. 
Lacy, R.C. 2000. Management of limited animal populations. Pages 75-93 in D. Duffield and T.  

Robeck (eds.). Bottlenose dolphin reproduction workshop. Report. AZA Marine Mammal 
Taxon Advisory Group, Silver Spring, MD. 

Pergams, O.R.W., R.C. Lacy, and M.V. Ashley. 2000. Conservation and management of  
Anacapa Island Deer Mice. Conservation Biology 14:819-832. 

Penn, A.M., W.B. Sherwin, G. Gordon, D. Lunney, A. Melzer, and R.C. Lacy. 2000. 
Demographic forecasting in koala conservation. Conservation Biology 14:629-638. 

Lacy, R.C. 2000. Should we select genetic alleles in our conservation breeding programs? Zoo  
Biology 19:279-282. 

Land, E.D., and R.C. Lacy. 2000. Introgression level achieved through Florida Panther genetic 
restoration. Endangered Species Update 17:100-105. 

Lacy, R.C. 2000. Considering threats to the viability of small populations. Ecological Bulletins  
 48:39-51. 
Lacy, R.C. 2000. Structure of the VORTEX simulation model for population viability analysis.  
 Ecological Bulletins 48:191-203. 
Pollak, J. P., R. C. Lacy and J. D. Ballou.  2000.  Population Management 2000, version 1.175.   

Chicago Zoological Society, Brookfield, IL. 
Lacy, R.C., and J.D. Ballou. 2001. Population Management 2000 User’s Manual. Chicago  

Zoological Society, Brookfield, IL. 
Lindenmayer, D.B., and R.C. Lacy. 2002. Small mammals, habitat patches and PVA models: a  

field test of model predictive ability. Biological Conservation 103:247-265. 
Lacy, R.C., and P.S. Miller. 2002. Incorporating human populations and activities into  

population viability analysis. Pages 490-510 in S.R. Beissinger  and D.R. McCullough 
(eds.), Population Viability Analysis. University of Chicago Press, Chicago. 

Maehr, D.S., R.C. Lacy, E.D. Land, O.L. Bass, and T.S. Hoctor. 2002. Evolution of Population  
Viability Assessments for the Florida panther: A multiperspective approach. Pages 284-
311 in S.R. Beissinger and D.R. McCullough (eds.), Population Viability Analysis. 
University of Chicago Press, Chicago. 

Hosack, D.A., P.S. Miller, J.J. Hervert, and R.C. Lacy. 2002. A population viability analysis for  
the endangered Sonoran pronghorn, Antilocapra americana sonoriensis. Mammalia 
66:207-229. 

Nyhus, P.J., F.R. Westley, R.C. Lacy, and P.S. Miller. 2002. A role for natural resource social  
science in biodiversity risk assessment. Society and Natural Resources 15:923-932.  

Jones, K.L., T.C. Glenn, R.C. Lacy, J.R. Pierce, N. Unruh, C.M. Mirande, F. Chavez-Ramirez.  
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2002. Refining the whooping crane studbook by incorporating microsatellite DNA and 
leg banding analyses. Conservation Biology 16:789-799 

Maehr, D.S., and R. C. Lacy. 2002. Avoiding the lurking pitfalls in Florida panther recovery.  
Wildlife Society Bulletin 30:971-978. 

Ryan, K.K., R.C. Lacy, and S.W. Margulis. 2002. Impacts of inbreeding on components of  
reproductive success. Pages 82-96 in: W. V. Holt, A. R. Pickard, J. C. Rodger, and D. E. 
Wildt, eds. Reproductive Science and Integrated Conservation. Cambridge University 
Press, Cambridge, UK. 

Ryan, K.K., and R.C. Lacy. 2003. Monogamous male mice bias behaviour towards females  
 according to very small differences in kinship. Animal Behaviour 65: 379-384. 
Lindenmayer, D. B., H. P. Possingham, R. C. Lacy, M. A. McCarthy and M. L. Pope. 2003.  

How accurate are population models? Lessons from landscape-scale tests in a fragmented 
system. Ecology Letters 6:41-47. 

Miller, P.S., and R.C. Lacy. 2003. VORTEX: A Stochastic Simulation of the Extinction Process. 
Version 9 User’s Manual. Conservation Breeding Specialist Group (SSC/IUCN), Apple 
Valley, Minnesota. 

Miller, P.S., and R.C. Lacy. 2003. Integrating the human dimension into endangered species risk  
assessment. Pages 41-63 in: F.R. Westley and P.S. Miller, eds. Experiments in 
Consilience: Integrating Social and Scientific Responses to Save Endangered Species. 
Island Press, Washington, DC. 

Miller, P.S., and R.C. Lacy.  2003. Metamodels as a tool for risk assessment. Pages 333-351 in:  
F.R. Westley and P.S. Miller, eds. Experiments in Consilience: Integrating Social and 
Scientific Responses to Save Endangered Species. Island Press, Washington, DC. 

Westley, F., P.S. Miller, and R.C. Lacy.  2003. Far from land: Further explorations in 
consilience. Pages 352-361 in: F.R. Westley and P.S. Miller, eds. Experiments in 
Consilience: Integrating Social and Scientific Responses to Save Endangered Species. 
Island Press, Washington, DC. 

Singleton, I., S. Wich, S. Husson, S. Stephens, S. Utami Atmoko, M. Leighton, N. Rosen, K.  
Traylor-Holzer, R. Lacy, and O. Byers (eds.). 2004. Orangutan Population and Habitat 
Viability Assessment: Final Report. IUCN/SSC Conservation Breeding Specialist Group, 
Apple Valley, MN. 

Lacy, R.C., and A. Vargas. 2004. Informe sobre la gestión genética y demográfica del programa  
de cría para la conservación del lince ibérico: escenarios, conclusiones y 
recomendaciones. Ministerio de Medio Ambiente, Madrid, Spain. 

Heinsohn, R., R. C. Lacy, D. B. Lindenmayer, H. Marsh, D. Kwan, and I.R. Lawler. 2004.  
Unsustainable harvest of dugongs in Torres Strait and Cape York (Australia) waters: two 
case studies using population viability analysis. Animal Conservation 7:417-425. 

Lacy, R.C., M. Borbat, and J.P. Pollak. 2005. VORTEX: A Stochastic Simulation of the  
 Extinction Process. Version 9.57. Chicago Zoological Society, Brookfield, Illinois, USA. 
Margulis, S.W., M. Nabong, G. Alaks, A. Walsh, and R.C. Lacy. 2005. Effects of early  

experience on subsequent parental behaviour and reproductive success in oldfield mice, 
Peromyscus polionotus. Animal Behaviour 69:627-634. 

Traylor-Holzer, K., R. Lacy, D. Reed, and O. Byers (eds.). 2005. Alabama Beach Mouse 
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Population and Habitat Viability Assessment: Final Report. IUCN/SSC Conservation 
Breeding Specialist Group, Apple Valley, MN. 

Mendelson, J.R. III, et al. (50 co-authors, including R.C. Lacy). 2006. Confronting amphibian  
 declines and extinctions. Science 313:48. 
Mendelson, J.R. III, et al. (18 co-authors, including R.C. Lacy). 2006. Responding to amphibian  
 loss. Response. Science 314:1541-1542. 
Matamoros, Y., H. Vargas, R. C. Lacy, O. Byers, E. Travis, G. Montoya. (Editores). 2006. Taller  

para Anàlisisde Viabilidad de Poblaciòny Hàbitatpara el Pingüino de Galápagos. Informe 
Final. Parque Nacional Galápagos, Puerto Ayora, Santa Cruz, Galápagos, Ecuador. 8-11 
de febrero, 2005. 

Zippel, K., R. Lacy, and O. Byers (eds.) 2006. CBSG/WAZA Amphibian Ex Situ Conservation  
Planning Workshop Final Report. IUCN/SSC Conservation Breeding Specialist Group, 
Apple Valley, MN. 

Vargas, F.H., R.C. Lacy, P.J. Johnson, A. Steinfurth, R.J.M. Crawford, P.D. Boersma, and D.W.  
MacDonald. 2007. Modelling the effect of El Niño on the persistence of small 
populations: The Galápagos penguin as a case study. Biological Conservation 137:138-
148. 

Miller, P.S., F.R. Westley, A.P. Byers, and R.C. Lacy. 2007. An experiment in managing the 
human animal: The PHVA process and its role in conservation decision-making. Pages 
173-188 in T.S. Stoinski, H.D. Steklis, and P.T. Mehlman. Conservation in the 21st 
century: Gorillas as a case study. Springer, New York.  

Nyhus, P.J., R. Lacy, F.R. Westley, P.S. Miller, H. Vredenburg, P. Paquet, and J. Pollak. 2007.  
Tackling biocomplexity and meta-models for species risk assessment. Ecology & Society 
12: 31 [online] URL: 
http://www.ecologyandsociety.org/vol12/iss1/art31/ 

Lacy, R.C. 2007. Understanding inbreeding depression: 20 years of experiments with  
Peromyscus mice. Pages 327-329 in F.W. Allendorf and G. Luikart. Conservation and the 
Genetics of Populations. Wiley-Blackwell, New York. 

Pergams, O.R.W. and R.C. Lacy. 2008. Rapid morphological and genetic change in  
 Chicago-area Peromyscus. Molecular Ecology 17:450-463. 
Dasmahapatra, K.K., R.C. Lacy, and W. Amos. 2008. Estimating levels of inbreeding using  
 AFLP markers. Heredity 100:286-295. 
Wich, S.A., E. Meijaard, A.J. Marshall, S. Husson, M. Ancrenaz, R.C. Lacy, C.P. van Schaik,  

J. Sugardjito, T. Simorangkir, K. Traylor-Holzer, B.M.F. Galdikas, M. Doughty, J. 
Supriatna, R. Dennis, M. Gumal, C.D. Knott, and I. Singleton. 2008. Distribution and 
conservation status of the orang-utan (Pongo spp.) on Borneo and Sumatra: How many 
remain? Oryx 42:329-339. 

Rudnick, J.A., and R.C. Lacy. 2008. The impact of assumptions about founder relationships on  
 the effectiveness of captive breeding strategies. Conservation Genetics 9:1439-1450.  
Lacy, R.C. 2008. Conservation breeding – a global view. Pages 381-398 in B.R. Sharma, N. 

Akhtar, B.K. Gupta (eds.). India’s Conservation Breeding Initiative, Central Zoo 
Authority, New Delhi. 

Lacy, R.C. 2008. Conservation breeding – challenges and protocols. Pages 263-289 in B.R.  
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Sharma, N. Akhtar, B.K. Gupta (eds.). India’s Conservation Breeding Initiative, Central 
Zoo Authority, New Delhi. 

IUCN/SSC. 2008. Strategic Planning for Species Conservation: A Handbook. Version 1.0. 
Gland, Switzerland: IUCN Species Survival Commission. 104pp. (R Lacy was one of the 
writers and co-editors, and chaired the task force that developed the handbook.) 

Lacy, R.C. 2009. Stopping evolution: Genetic management of captive populations. Pages 58-81  
in: G. Amato, R. DeSalle, O.A. Ryder, and H.C. Rosenbaum. Conservation genetics in 
the age of genomics. Columbia University Press, New York. 

Lacy, R.C. and R. Wells. 2009. Population Viability Analysis (PVA). Pages 25-29 in R.R.  
Reeves, and R.L. Brownell, Jr., eds. Indo-Pacific bottlenose dolphin assessment 
workshop report: Solomon Islands case study of Tursiops aduncus. Occasional Paper of 
the Species Survival Commission, No. 40, IUCN, Gland, Switzerland. 53 pp. 

Marshall, A.J., R. Lacy, M. Ancrenaz, O. Byers, S.J. Husson, M. Leighton, E. Meijaard, N. 
Rosen, I. Singleton, S. Stephens, K. Traylor-Holzer, S.S.U. Atmoko, C.P. van Schaik, 
and S.A. Wich. 2009. Orangutan population biology, life history, and conservation. Pages 
311-326 in: S.A. Wich, S.S.I. Atmoko, T.M. Setia, and C.P. van Schaik, eds. Orangutans. 
Oxford University Press, Oxford, UK.  

Ivy, J.A., A, Miller, R.C. Lacy, and J. A. DeWoody. 2009. Methods and prospects for using 
molecular data in captive breeding programs: an empirical example using parma 
wallabies (Macropus parma). Journal of Heredity 100:441-454.  

Leus, K., and R.C. Lacy. 2009. Genetic and demographic management of conservation 
breeding programs oriented towards reintroduction. Pages 74-84 in: A. Vargas, C. 
Breitenmoser, and U. Breitenmoser (eds.) Iberian Lynx Ex Situ Conservation: An 
Interdisciplinary Approach. Fundación Biodiversidad / IUCN Cat Specialist Group, 
Madrid.  

Ivy, J.A., and R.C. Lacy. 2010. Using molecular methods to improve the genetic management of  
captive breeding programs for threatened species. Pages 267-295 in: J.A. DeWoody, J.W. 
Bickham, C.H. Michler, K.M. Nicols, O.E. Rhodes, and K.E. Woeste, eds. Molecular 
Approaches in Natural Resource Conservation and Management. Cambridge University 
Press, Cambridge. 

Malo, A.F., F. Martinez-Pastor, G. Alaks, J. Dubach, and R.C. Lacy. 2010. Effects of genetic 
captive-breeding protocols on sperm quality and fertility in the white-footed mouse. 
Biology of Reproduction 83:540-548. 

Ballou, J.D., R.C. Lacy, and J.P. Pollak. 2010. PMx: software for demographic and genetic  
analysis and management of pedigreed populations. Chicago Zoological Society, 
Brookfield, Illinois, USA. 

Lacy, R.C. 2011. Re-thinking ex situ vs. in situ species conservation. Pages 25-29 in: G. Dick,  
ed.  Biodiversity is Life. Proceedings of the 65th Annual Conference of the World 
Association of Zoos and Aquariums. WAZA, Gland, Switzerland. 

Asa, C.S., K. Traylor-Holzer, and R.C. Lacy. 2011. Can conservation-breeding programmes be 
 improved by incorporating mate choice? International Zoo Yearbook 45:203-212. 
Leus, K., K. Traylor-Holzer, and R.C. Lacy. 2011. Genetic and demographic population 

management in zoos and aquariums: recent developments, future challenges and 
opportunities for scientific research. International Zoo Yearbook 45:213-225. 
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Asa, C.S., K. Traylor-Holzer, and R.C. Lacy. 2011. Mate choice as a potential tool to increase 
 population sustainability. WAZA Magazine 12: 23-25. 
Baker, A.M., R.C. Lacy, K. Leus, and K. Traylor-Holzer. 2011. Intensive management of  
 populations for conservation. WAZA Magazine 12: 40-43.  
Frankham, R., J.D. Ballou, M.D. Eldridge, R.C. Lacy, K. Ralls, M.R. Dudash, and C.R. Fenster.  

2011. Predicting the probability of outbreeding depression: critical information for 
managing fragmented populations.  Conservation Biology 25:465-475. 

Jamieson, I.G., and R.C. Lacy. 2012. Managing genetic issues in reintroduction biology. Pages  
441-475 in: J.G. Ewen, D.P. Armstrong, K.A. Parker, & P.J. Seddon, eds. Reintroduction 
Biology: Integrating Science and Management. Wiley-Blackwell, Oxford, UK. 

Lacy, R.C., J.D. Ballou, & J.P. Pollak. 2012. PMx: Software package for demographic and 
genetic analysis and management of pedigreed populations. Methods in Ecology & 
Evolution 3:433-437.  

Bradshaw, C.J.A., C.R. McMahon, P.S. Miller, R.C. Lacy, M.J. Watts, M.L. Verant, J.P. Pollak, 
D.A. Fordham, T.A.A. Prowse, and B.W. Brook. 2012. Novel coupling of individual-
based epidemiological and demographic models predicts realistic dynamics of 
tuberculosis in alien buffalo. Journal of Applied Ecology 49:268-277. 

Ivy, J.A., and R.C. Lacy. 2012. A comparison of strategies for selecting breeding pairs to  
maximize genetic diversity retention in managed populations. Journal of Heredity 
103:186-196.  

Lacy, R.C. 2012. Extending pedigree analysis for uncertain parentage and diverse breeding  
 systems. Journal of Heredity 103:197-205. 
Lacy, R.C., and C. A. Beuchat. 2012. Managing the genetic health of the Basenji. The Basenji  
 May/June 2012:10-13.  
Desbiez, A., K. Traylor-Holzer, R. Lacy, et al. 2012. Population Viability Analysis of jaguar  
 populations in Brazil. In: Jaguar in Brazil. CATnews (Special Issue) 7:35-37. 
Frankham, R., J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, C.B. Fenster, R.C. Lacy, J.R.  

Mendelson III, I.J. Porton, K. Ralls, and O.A. Ryder. 2012. Implications of different 
species concepts for conserving biodiversity. Biological Conservation 153:25-31. 

Lacy, R.C., J.P. Pollak, P.S. Miller, L. Hungerford, and P. Bright. 2012. Outbreak version2.0.  
IUCN SSC Conservation Breeding Specialist Group. Apple Valley, MN, USA. 

Lacy, R.C. 2013. Understanding inbreeding depression: 25 years of experiments with  
Peromyscus mice. Pages 491-492 in F.W. Allendorf, G. Luikart, and S.N. Aiken. 
Conservation and the genetics of populations. 2nd ed. John Wiley & Sons, Oxford, UK. 

Lacy, R.C. 2013. Achieving true sustainability of zoo populations. Zoo Biology 32:19-26. 
Lacy, R.C. and G. Alaks. 2013. Effects of inbreeding on skeletal size and fluctuating asymmetry  
 of Peromyscus polionotus mice. Zoo Biology 32:125-133. 
Prowse, T.A.A., C.N. Johnson, R.C. Lacy, C.J.A. Bradshaw, J.P. Pollak, M.J. Watts, and B.W.  

Brook. 2013. No need for disease: testing extinction hypotheses for the thylacine using 
multi-species metamodels. Journal of Animal Ecology 82:355-364. 

Meile, R., R.C. Lacy, F.H. Vargas, and P.G. Parker. 2013. Modeling the potential effects of 
Plasmodium infection on the Galapagos penguin (Spheniscus mendiculus). Auk 130: 440-
448. 

Lacy, R.C., K. Traylor-Holzer, and J.D. Ballou. 2013. Managing for true sustainability of  
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species. WAZA Magazine 14:10-14. 
Lacy, R.C., G. Alaks, and A. Walsh. 2013. Evolution of Peromyscus leucopus mice in response  

to a captive environment. PLoS ONE 8(8): e72452. doi:10.1371/journal.pone.0072452.  
Lacy, R.C., P.S. Miller, P.J. Nyhus, J.P Pollak, B.E. Raboy, and S. Zeigler. 2013. Metamodels  

for transdisciplinary analysis of population dynamics. PLoS ONE 8(12): e84211. 
doi:10.1371/journal.pone.0084211. 

Pollak, J.P., R.C. Lacy. 2013. MetaModel Manager. Version 1.0. Chicago Zoological Society, 
Brookfield, Illinois. Available: http://www.vortex10.org/MeMoMa.aspx.  

Byers, O., and R.C. Lacy. 2014. From captivity to conservation: Conservation Breeding 
Specialist Group and the evolving role of zoos. Pages 107-111 in G. McGregor-Reid and 
G. Moore, eds. History of Zoos and Aquariums: From Royal Gifts to Biodiversity 
Conservation. North of England Zoological Society, Chester.  

Carroll, C., R.J. Frederickson, and R.C. Lacy. 2014. Developing metapopulation connectivity  
criteria from genetic and habitat data to recover the endangered Mexican wolf. 
Conservation Biology 28:76-86. 

Frankham, R., R.C. Lacy, J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, C.B. Fenster, J.R.  
Mendelson III, I.J. Porton, K. Ralls, and O.A. Ryder. 2014. Species concepts for 
conservation: Reply to Russello and Amato. Biological Conservation 170:334-335. 

Lacy, R.C., and J.P. Pollak. 2014. VORTEX: A Stochastic Simulation of the Extinction Process.  
 Version 10.0. Chicago Zoological Society, Brookfield, Illinois, USA. 
Lacy, R.C., P.S. Miller, and K. Traylor-Holzer. 2014. Vortex 10 User’s Manual. IUCN SSC  

Conservation Breeding Specialist Group, and Chicago Zoological Society, Apple Valley, 
Minnesota, USA. 

Lacy, R.C., J.P. Pollak, P.S. Miller, L. Hungerford, and P. Bright. 2014. Outbreak version 2.1. 
IUCN SSC Conservation Breeding Specialist Group. Apple Valley, Minnesota, USA.  

Shoemaker, K.T., R.C. Lacy, M.L. Verant, B.W. Brook, T.M. Liveri, P.S. Miller, D.A. Fordham,  
and H.R. Akcakaya. 2014. Effects of prey metapopulation structure on the viability of 
black-footed ferrets in plague-impacted landscapes: a metamodelling approach. Journal 
of Applied Ecology 51:735-745. 

Hoffman, J.I., F. Simpson, P. David, J.M. Rijks, T. Kuiken, M.A.S. Thorne, R.C. Lacy, K.K.  
Dasmahapatra. 2014. High-throughput sequencing reveals inbreeding depression in a 
natural population. Proceedings of the National Academy of Sciences 111:3775-3780. 

Hedrick, P.W., and R.C. Lacy. 2015. Measuring relatedness between inbred individuals. Journal 
of Heredity 106:20-25. 

Willoughby, J.R., N.B. Fernandez, M.C. Lamb, J.A. Ivy, R.C. Lacy, and J.A. DeWoody. 2015. 
The impacts of inbreeding, drift, and selection on genetic diversity in captive breeding 
populations. Molecular Ecology 24:98-110. 

Wells, K., B.W. Brook, R.C. Lacy, G.J. Mutze, D.E. Peacock, R.G. Sinclair, N. Schwensow, P.  
Cassey, R.B. O’Hara, and D.A. Fordham. 2015. Timing and severity of immunizing 
diseases in rabbits is controlled by seasonal matching of host and pathogen dynamics. 
Journal of the Royal Society Interface 12:2014184 
http://dx.doi.org/10.1098/rsif.2014.1184  

Heinsohn, R., M. Webb, R. Lacy, A. Terauds, R. Alderman, and D. Stojanovic. 2015. A severe  
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predator-induced population decline predicted for endangered, migratory swift parrots 
(Lathamus discolor). Biological Conservation 186:75-82. 

Lacy, R.C., K.C. Balcomb III, L.J.N. Brent, D.P. Croft, C.W. Clark, and P.C. Paquet. 2015.  
Report on Population Viability Analysis model investigations of threats to the Southern 
Resident Killer Whale population from Trans Mountain Expansion Project. Attachment 
E, Ecojustice – Written Evidence of Raincoast Conservation Foundation (A70286), 
National Energy Board (Canada). 120 pp. Available at http://docs.neb-
one.gc.ca/fetch.asp?language=E&ID=A4L9G2. 

Zhao, X., Y. Ueda, S. Kajigaya, G. Alaks, M.J. Desierto, D.M. Townsley, B. Dumitriu, J. Chen,  
R.C. Lacy, and N.S. Young. 2015. Cloning and molecular characterization of telomerase 
reverse transcriptase (TERT) and telomere length analysis of Peromyscus leucopus. Gene 
568:8-18. 

Canessa, S., G. Guillera-Arroita, J. Lahoz-Monfort, D.M. Southwell, D.P. Armstrong, I. Chadès,  
R.C. Lacy, and S.J. Converse. 2015. When do we need more data? A primer on 
calculating the value of information for applied ecologists. Methods in Ecology & 
Evolution 6:1219-1228. 

Prowse, T.A.A., C.J.A. Bradshaw, S. Delean, P. Cassey, R.C. Lacy, K. Wells, M.  
Aiello-Lammens, H.R. Akçakaya, and B.W. Brook. 2016. An efficient protocol for the 
sensitivity analysis of complex ecological models. Ecosphere 7(3):e01238. 
10.1002/ecs2.1238 

Jiménez-Mena, B., K. Schad, N. Hanna, and R.C. Lacy. 2016. Pedigree analysis for the genetic 
management of group-living species. Ecology and Evolution 6:3067-3078. 

Miller, P.S., R.C. Lacy, R. Medina-Miranda, R. López-Ortiz, and H. Díaz-Soltero. 2016.  
Confronting the invasive species crisis with meta-model analysis: An explicit, two-
species demographic assessment of an endangered bird and its brood parasite in Puerto 
Rico. Biological Conservation 196:124-132. 

Manlik, O., J.A. McDonald, J. Mann, H.C. Raudino, L. Bejder, M. Krützen, R.C. Connor, M.R.  
Heithaus, R.C. Lacy, and W.B. Sherwin. 2016. The relative importance of reproduction 
and survival for the conservation of two dolphin populations. Ecology & Evolution 
6:3496-3512. http://onlinelibrary.wiley.com/doi/10.1002/ece3.2130/full 

Wells, K., P. Cassey, R.G. Sinclair, G.J. Mutze, D.E. Peacock, R.C. Lacy, B.D. Cooke, R,B.  
O’Hara, B.W. Brook, and D.A. Fordham. 2016. Targeting season and age for optimizing 
control of invasive rabbits. Journal of Wildlife Management 80:990-999. doi: 
10.1002/jwmg.21093. 

Willis, K., and R.C. Lacy. 2016. Use of animals with partially known ancestries in scientifically  
 managed breeding programs. Zoo Biology 35:319-325. 
Canessa, S., G. Guillera-Arroita, J. Lahoz-Monfort, D.M. Southwell, D.P. Armstrong, I. Chades, 

R.C. Lacy, and S. Converse. 2016. Adaptive management for improving species 
conservation across the captive-wild spectrum. Biological Conservation 199:123-131. 

Fant, J.B., K. Havens, A.T. Kramer, S.K. Walsh, T. Callicrate, R.C. Lacy, M. Maunder, A. Hird 
Meyer, P.P. Smith. 2016. What to do when we can’t bank on seeds: What botanic 
gardens can learn from the zoo community about conserving plants in living collections. 
American Journal of Botany 103:1541-1543. 
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Lacy, R.C., K.M. Kovacs, C. Lydersen, and J. Aars. 2016. Case Study 4. Exploring impacts of 

declining sea ice on polar bears and their ringed seal and bearded seal prey in the 
northern Barents Sea. Pages 77-81 in W.B. Foden and B.E. Young (eds.), IUCN SSC 
Guidelines for Assessing Species’ Vulnerability to Climate Change. Version 1.0. 
Cambridge, UK and Gland, Switzerland: IUCN Species Survival Commission. 

Pacioni, C., M.R. Williams, R.C. Lacy, P.B.S. Spencer, A.F. Wayne. 2017. Predators and genetic  
fitness: key threatening factors for the conservation of a bettong species. Pacific 
Conservation Biology 23:200-2122. http://dx.doi.org/10.1071/PC17002.  

Williams, R., Lacy, R.C., Ashe, E., Hall, A., Lehoux, C., Lesage, V., McQuinn, I., Plourde, S.  
2017. Predicting responses of St. Lawrence beluga to environmental change and 
anthropogenic threats to orient effective management actions. DFO Can. Sci. Advis. Sec. 
Res. Doc. 2017/027. v + 44 p. 

Willoughby, J.R., J.A. Ivy, R.C. Lacy, J. Doyle, and J.A. DeWoody. 2017. Inbreeding and 
selection shape genomic diversity in captive populations: implications for the 
conservation of endangered species. PLOS ONE 12(4): e0175996. 
doi:10.1371/journal.pone.0175996. 

Raboy, B.E., R.C. Lacy, T. Callicrate, & C.M. Lees. 2017. METAMODEL MANAGER. User’s 
Manual. Chicago Zoological Society, Brookfield, Illinois, USA. Available at: 
http://www.vortex10.org/MeMoMa.aspx. 

Frankham, R., J.D. Ballou, K. Ralls, M.D.B. Eldridge, M.R. Dudash, C.B. Fenster, R.C. Lacy, 
and P. Sunnucks. 2017. Genetic Management of Fragmented Animal and Plant 
Populations. Oxford University Press, Oxford UK. 

Malo, A.F., F. Martinez-Pastor, F. Garcia-Gonzalez, J. Garde, J.D. Ballou, and R.C. Lacy. 2017. 
A father effect explains sex-ratio bias. Proceedings of the Royal Society B 20171159. 
http://dx.doi.org/10.1098/rspb.2017.1159.  

Ralls, K., J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, C.B. Fenster, R.C. Lacy, P. Sunnucks, 
and R. Frankham. 2017. Call for a paradigm shift in the genetic management of 
fragmented populations. Conservation Letters doi: 10.1111/conl.12412. 

Lacy, R.C., R. Williams, E. Ashe, K.C. Balcomb III, L.J.N. Brent, C.W. Clark, D.P. Croft, 
D.A. Giles, M. MacDuffee, and P.C. Paquet. 2017. Evaluating anthropogenic threats to 
endangered killer whales to inform effective recovery plans. Scientific Reports 7:14119. 
doi: 10.1038/s41598-017-14471-0. 

Manlik, O., R.C. Lacy, and W.B. Sherwin. 2018. Applicability and limitations of sensitivity 
analysis for wildlife management. Journal of Applied Ecology 55:1430-1440. 
https://doi.org/10.1111/1365-2664.13044 

Lacy, R.C., Malo, A.F., & Alaks, G. 2018. Maintenance of genetic variation in quantitative traits  
of a woodland rodent during generations of captive breeding. Conservation Genetics 
19:789-802. doi: 10.1007/s10592-018-1054-y. 

Pacioni, C., S. Sullivan, C.M. Lees, P.S. Miller, R.C. Lacy. 2018. OUTBREAK User’s Manual.  
 Chicago Zoological Society, Brookfield, Illinois, USA. 
Johnson, K., A. Baker, K. Buley, L. Carrillo, R. Gibson, G.R. Gillespie, R.C. Lacy, and  

K. Zippel. 2018. A process for assessing and prioritizing species conservation needs: 
going beyond the Red List. Oryx doi: 10.1017/S0030605317001715 

Fenster, C.B., J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, R. Frankham, R.C. Lacy, K. Ralls, &  
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P. Sunnucks. 2018. Conservation and genetics. Yale Journal of Biology and Medicine 
91:491-501. 

Lacy, R.C. 2019. Lessons from 30 years of population viability analysis of wildlife populations.  
Zoo Biology 38:67-77. doi: 10.1002/zoo.21468. 

Murray, C.C., L.C. Hannah, T. Doniol-Valcroze, B. Wright, E. Stredulinsky, A. Locke & R. 
Lacy. 2019. Cumulative Effects Assessment for Northern and Southern Resident Killer 
Whale Populations in the Northeast Pacific. DFO Can. Sci. Advis. Sec. Res. Doc. 
2019/056. x. + 88 p. 

Frankham, R., J.D. Ballou, K. Ralls, M.D.B. Eldridge, M.R. Dudash, C.B. Fenster, R.C. Lacy, 
and P. Sunnucks. 2019. Practical Guide to Genetic Management of Fragmented Animal 
and Plant Populations. Oxford University Press, Oxford UK. 

Carroll, C., R.C. Lacy, R.J. Frederickson, D.J. Rohlf, S.A. Hendricks, & M.K. Phillips. 2019. 
Biological and sociopolitical sources of uncertainty in population viability analysis for 
endangered species recovery planning. Scientific Reports 9:10130, 
doi.org/10.1038/s41598-019-45032-2. 

Griffith,M.P., E. Beckman, T. Callicrate, J. Clark, T. Clase, S. Deans, M. Dosmann, J. Fant, X. 
Gratacos, K. Havens, S. Hoban, M. Lobdell, F. Jiménez-Rodriguez, A. Kramer, R. Lacy, 
T. Magellan, J. Maschinski, A. W. Meerow, A. Meyer, V. Sanchez, E. Spence, P. 
Toribio, S. Walsh, M. Westwood, J. Wood. 2019. TOWARD THE 
METACOLLECTION: Safeguarding plant diversity and coordinating conservation 
collections. Botanic Gardens Conservation International-US (San Marino, USA). 

Thomas, J.E., G.R. Carvalho, J. Haile, N.J. Rawlence, M. D. M. Simon, Y.W. Ho, A. Sigfússon, 
V.A. Jósefsson, M. Frederiksen, J.F. Linnebjerg, J.A. Samaniego Castruita, J. Niemann, 
M.-H. S. Sinding, M. Sandoval-Velasco, A.E. R. Soares, R. Lacy, C. Barilaro, J. Best, D. 
Brandis, C. Cavallo, M. Elorza, K. L. Garrett, M. Groot, F. Johansson, J.T. Lifjeld, G. 
Nilson, D. Serjeanston, P. Sweet, E. Fuller, A.K. Hufthammer, M. Meldgaard, J. Fjeldså, 
B. Shapiro, M. Hofreiter, J.R. Stewart, M.T.P. Gilbert, & M. Knapp. 2019. Demographic 
reconstruction from ancient DNA supports rapid extinction of the great auk. eLife 
8:e47509. doi.org/10.7554/eLife.47509. 

Wood, J., J.D. Ballou, T. Callicrate, J.B. Fant, M.P. Griffith, A.T. Kramer, R.C. Lacy, A. Meyer,  
S. Sullivan, K. Traylor-Holzer, S.K. Walsh, & K. Havens. 2020. Applying the zoo model 
to conservation of threatened exceptional plant species. Conservation Biology (in press). 

 
Software developed and distributed for professional use 
PMx: Software for demographic and genetic analysis and management of populations. 

 (Developed jointly with J. Ballou and J.P. Pollak). Used to guide management of captive 
populations of more than 1000 species globally. 

Vortex: Simulation of interacting genetic, demographic, and environmental causes of 
extinction in small, isolated populations interconnected by occasional migration. Used by 
conservation and wildlife biologists to assist in the analysis and management of wild 
populations of 100s of species in more than 70 countries. 

Vortex Adaptive Manager. Software for guiding adaptive management of wildlife populations.  
Outbreak: Epidemiological simulation for modeling infectious disease. (Developed with J.P.  
 Pollak, P.S. Miller, et al.) 
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Robert C. Lacy -- Curriculum vitae 20 
 
MetaModel Manager: Flexible modeling platform for linking simulation models representing  

diverse processes (such as species interactions, habitat change, climate change, disease, 
and social systems) to provide more holistic risk assessments for wildlife populations. 
(Developed with J.P. Pollak.) 
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HONORABLE MICHELLE L. PETERSON 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 

Plaintiff, 

v. 

BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al., 

Defendants. 

Case No. 2:20-cv-00417-MLP 

DECLARATION OF DR. DEBORAH 
GILES, Ph.D. 

 I, Deborah Giles, state and declare as follows; 

1. I have been retained by Plaintiff Wild Fish Conservancy, by and through counsel, 

to provide my expert evaluation and opinion regarding the Southern Resident Killer Whale 

population. This declaration provides my opinions and conclusions, including scientific 

information regarding Southern Resident Killer Whales and their physiological health. I have 

actual knowledge of the matters stated herein and could and would so testify if called as a witness. 

2. I received my PhD from the University of California Davis in 2014. My master’s 

thesis and PhD dissertation both focused on Southern Resident Killer Whales. I was formerly the 

research director at the Center for Whale Research. I am currently a resident scientist and lecturer 
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at the University of Washington’s Friday Harbor Labs, where I teach Marine Mammals of the 

Salish Sea and Marine Biology, and I am the science and research director for the nonprofit Wild 

Orca.  

3. My professional background, experience, and publications are detailed in my 

curriculum vitae, a true and accurate copy which is attached as Exhibit A to this declaration.  

4. Since 2009, I have been the vessel captain for Dr. Samuel Wasser’s project – at 

University of Washington’s Center for Conservation Biology – utilizing a scat detection dog to 

locate floating killer whale scat to monitor the physiological health of Southern Resident killer 

whales.  Southern Resident killer whale feces can be genotyped to determine which whale the fecal 

sample came from and they can be examined for stress, nutrition and pregnancy hormones, 

toxicants, microbiome, parasites, bacteria and microplastics found in Southern Resident Killer 

Whales. Analysis of fecal samples confirms that Chinook salmon are the dominant fish species 

eaten by the Southern Resident killer whales.   

5. Since 2010, I have worked with National Oceanic and Atmospheric 

Administration’s National Marine Fisheries Service (NMFS) on a project deploying acoustic 

suction-cup recording tags on killer whales to measure received noise levels by whales. I am the 

killer whale scientific adviser for the Orca Salmon Alliance, a program advisor for Killer Whale 

Tales, a co-coordinator for the San Juan Island Naturalist Program, and I am on the Steering 

Committee for the Salish Sea Ecosystem Advocates (SalishSEA). In 2018 and 2019, I served on 

the prey and vessel working groups for Washington’s Governor Jay Inslee’s Southern Resident 

Killer Whale Recovery Task Force and was an invited panelist for Governor Inslee’s Lower Snake 

River Dams Stakeholder Engagement workgroup. On behalf of Wild Orca I translate science and 

engage with the public and policy makers with the aim of preventing the extinction of the critically 
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endangered Southern Resident killer whales. 

6. NMFS listed the Southern Resident Killer Whales as endangered under the 

Endangered Species Act (ESA) in 2005 when the population numbered 88 whales. Despite almost 

fifteen years of federal protection, the population has continued to decline from a high census 

count in 1995 of 98 whales to a near historic low of only 72 whales today. NMFS has recognized 

the  Southern Resident Killer Whales as one of eight marine species most at risk of extinction, and 

considers them a recovery priority number one, which is defined as “a species whose extinction is 

almost certain in the immediate future because of a rapid population decline or habitat destruction.” 

By NMFS’ own assessment, the population must increase by an average 2.3 percent per year for 

28 years in order to be removed from the Endangered Species list, which is NMFS’ goal.   

7. As the independent governmental agency Marine Mammal Commission explained, 

a primary cause of this well documented population decline has been a steep decline in the number 

of pregnancies and a lack of live births in those whales that do become pregnant.   From 1984 to 

2011, there were between two to six births in the population in most years, an average of 3.85 per 

year. From 2012 to 2014 there were just four births in total, an average of 1.33 per year. In 2015 

seven calves were documented, which was the second largest single-year number of births. 

Unfortunately, no calves were born in 2017, and the one calf born in late September of 2018 died 

shortly after its birth. Two calves were born in 2019 and were still alive as of January 2020, 

meaning the average number of annual births from 2017 to 2019 was 1.00.  Cumulatively, from 

2012 to through 2019 there were 14 births, an average of 2.00 per year, seven of which have 

survived to date.  

8. Like the other fish-eating killer whale populations in the North Pacific, the Southern 

Residents are dietary specialists on fish, and particularly Chinook salmon. This diet must support 
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daily life activities (e.g., foraging, traveling, socializing, resting), in addition to gestation, lactation, 

and growth. To maintain this high energy balance, Southern Resident Killer Whales preferentially 

consume older Chinook salmon (>3 years). Chinooks’ large size, relatively high fat and energy 

content, and year-round occurrence from multiple sources within the Southern Resident Killer 

Whales’ range contributes to this preference—and the preference persists despite a steep decline 

in the abundance of Chinook salmon.  According to the Environmental Protection Agency, “steep 

declines in Chinook salmon is associated with three main factors: habitat change, harvest rates and 

hatchery influence,” and not insignificantly, damming of rivers below historical spawning sites.   

9. In 2017, I co-authored an article titled “Population growth is limited by nutritional 

impacts on pregnancy success in endangered Southern Resident killer whales” in which we 

discussed the results of our research. As we explained, Southern Resident population growth is 

constrained by low offspring production for the number of reproductive females in the population. 

Lack of prey, increased toxins and vessel disturbance have been listed as potential causes of the 

whale’s decline but partitioning these pressures has been difficult. We validated and applied 

temporal measures of progesterone and testosterone metabolites to assess occurrence, stage and 

health of pregnancy from genotyped killer whale feces collected using detection dogs. Thyroid 

and glucocorticoid hormone metabolites were measured from these same samples to assess 

physiological stress. These methods enabled us to assess pregnancy occurrence and failure as well 

as how pregnancy success was temporally impacted by nutritional and other stressors, between 

2008 and 2014. Southern Residents have an 18 month gestation period and their nutritional health 

depends on the relative timing of multiple, seasonal fish runs (e.g., spring Columbia River Chinook 

and summer Fraser River Chinook), as well as food availability in between those periods, each of 

which vary markedly between years. The increasingly common occurrence of births outside the 
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typical winter calving period may also be an indication of the increased unpredictability of 

diminishing fish runs along with the corresponding high rate of late reproductive loss in Southern 

Residents, including more costly late spontaneous abortions. Our study concluded that up to 69% 

of all detectable pregnancies were unsuccessful; of these, up to 33% failed relatively late in 

gestation or immediately post-partum, when the cost is especially high. Low availability of 

Chinook salmon appears to be an important stressor among these fish-eating whales as well as a 

significant cause of late pregnancy failure, including unobserved perinatal loss. We concluded the 

primary solution to drive population growth is promoting Chinook salmon recovery. A true and 

correct copy of this article is attached as Exhibit B to my declaration.  

10. The decline in available prey has also led to substantial behavioral changes. The 

Southern Residents are spending less and less time in the formerly prey-rich Salish Sea area, their 

designated summer core critical habitat, and are being forced to forage further afield, with limited 

success. The following graphic shows the correlation between the decline in available Chinook 

salmon and the days the Southern Residents spent in the Salish Sea during traditional summer 

hunting periods.   
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11.  Our research has determined that each Southern Resident needs around 20 full-

bodied Chinook salmon per day to survive. In other words, just to maintain the existing population, 

over 525,000 fully mature Chinook salmon are needed annually for the Southern Residents to 

survive. To date, fisheries management decisions have not been made with the recovery of the 

Southern Resident killer whales in mind, fish runs are historically low, and all evidence—including 

increased death rates, low fecundity, and the physical appearance of the Southern Resident Killer 

Whales (see photo below)—indicate that there is a substantial lack of sufficient Chinook 

abundance available as prey to the Southern Resident Killer Whales.   
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Aerial photographs of Southern Resident “J17’ over a 3 and a half year period depicting substantial 
weight loss and onset of “peanut head,” indicating extreme nutritional distress.  Images obtained 
by Holly Fearnbach (SR3) and John Durban (NOAA Fisheries’ Southwest Fisheries Science 
Center) using a remotely piloted drone under NMFS Research Permit #19091 (available at 
https://crosscut.com/2019/05/orca-j17-starving-death-isnt-inevitable).  

12. Currently, up to 97% of Chinook caught in Alaska are actually salmon that originate 

in BC Canada, Washington, Oregon and Idaho rivers. Under the quotas set by the Pacific Salmon 

Treaty and approved by NMFS, the amount of Chinook salmon available as prey to the Southern 

Residents will be further reduced. Given that the Southern Residents are already substantially 

nutritionally deprived, this additional reduction will further decrease the possibility that this 

population can successfully reproduce in sufficient numbers to maintain, let alone grow, the 

population. It is essentially impossible to meet NMFS’ recovery goal of an average growth rate of 

2.3% in the Southern Resident Killer Whale population without increasing the abundance of 

Chinook available to the Southern Residents as prey.  

13. I am aware that some mitigation measures, such as increased hatchery production, 

habitat restoration, and developing fish passage structures at dams, may over time help to increase 

Chinook population available to the Southern Residents. However, these mitigation measures,  
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EXHIBIT A 
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Deborah A. Giles, Ph.D 
P.O. Box 3364  Friday Harbor WA  98250 

 (360) 378-0353  (916) 531-1516 (cell)   

Email: giles7@gmail.com 

 __________________________________________________ 
 

STATEMENT OF PERSONAL INTEREST 

As a killer whale biologist based on San Juan Island since 2005, I apply my scientific expertise, educational 

training, and diverse community outreach to elevate awareness of the threats facing the Salish Sea 

Ecosystem. I do this by furthering partnerships with county, state and federal agencies, as well as non-

governmental organizations and universities to ensure they have the most up-to-date information to support 

the recovery of our endangered salmon, whales and the Salish Sea Ecosystem.     

 

EDUCATION  

 University of California, Davis 

• 2014     Ph.D. Geography, Biogeography, Conservation Biology  

• 2007 M.A. Geography, Conservation Biology 

• 2004  B.A.  Philosophy, minor in Nature and Culture                       

 

COMMUNITY ENGAGEMENT & OUTREACH ACTIVITIES / TRANSLATIONAL SCIENCE 

• Washington State Governor Inslee appointee to the Prey and Vessel Working Groups 

supporting the Southern Resident Killer Whale Recovery Task Force. Worked with other 

invited members of the legislature, Government of Canada and representatives from tribal, federal, 

local and other state governments, the private and non-profit sectors using to best available science 

to identify, research and analyze potential actions and formulate recommendations for Task Force 

consideration.  

• Invited participant on Governor Inslee’s Lower Snake River Dams Stakeholder Engagement 

Process. Participated in three panel discussion workshops around Washington state, engaged with 

the public and other invited panel members to better understand different stakeholder opinions 

related to the removal of the lower Snake river dams.  

• Co-organizer and sponsor of ongoing Southern Resident killer whale CALF (Community 

Action – Look Forward) workshop series. The fifth and most recent in person workshop was held 

in November 2018 and featured topics and discussion on how to apply lessons learned from the 

Yellowstone ecosystem to the Salish Sea Ecosystem, the complex issues involving the Pacific 

Salmon Treaty, federal law and state management of fisheries and how individuals can be involved 

in recovery efforts for the Southern Resident fish-eating whales and the Chinook salmon they rely 

on. 

• Coordinator for Center for Whale Research’s “Research – Action – Recovery” Symposium 

and Fundraiser Auction, attended by 200+ local and off-island killer whale advocates. Discussion 

topics included an update on SRKW demographics, current and future studies, threats preventing 

the orcas from recovering, and the importance of policy and advocacy to help the endangered 

whales. 

• Science Advisor for the Orca Salmon Alliance (OSA) comprised of international, national, 

regional, and local non-profit organizations, researchers, and community action groups working to 

educate the public about the threats facing the Southern Resident orcas the salmon species they rely 

on and to act to eliminate those threats.   

• Coordinator for OSA sponsored event “Intertwined Fates: The Orca-Salmon Connection” at 

the Seattle Aquarium October 2015. Keynote speaker Carl Safina.  

o On new research confirming the important connection between SRKWs Chinook. 
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o That the prospects for SRKW survival dims without significant restoration of Chinook runs 

across SRKW range including the Columbia, Klamath, and Sacramento Rivers in the U.S. 

and the Fraser River in Canada.  

• Established San Juan Island Naturalist Program – a land-based naturalist led whale watching 

and natural history program conducted at the Land Bank’s Westside Preserve. A joint program with 

San Juan Island Land Bank, Salish Sea Ecosystem Advocates, Orca Network, and Whale Scout. 

• Science Advisor - Killer Whale Tales; Science Education – assist in conducting hands-on 

education modules at Lime Kiln State Park with all 4th grade classes from the Bellingham School 

District (May-June 2015-2017). 

 

PROFESSIONAL EXPERIENCE 

Research Vessel Captain & Local Project Lead:  Center for Conservation Biology, University of 

Washington, 2009-Present 

Research: Physiological monitoring of Southern Resident Killer Whales (Orcinus orca)  

• Captain research vessel for scat detection dog to locate and collect killer whale fecal samples used 

to assess stress and nutrition hormone levels and toxicant loads. 

• Train and handle conservation scent detection canines used to locate floating whale feces  

• Conduct killer whale behavioral research.    

• Responsible for crew safety training and vessel maintenance.   

 

Wild Orca – Science and Research Director, May 2018 – present. 

• Develop and facilitate research projects focused on Southern Resident killer whales. Organize and 

participate in education and outreach opportunities to engage the public in salmon and killer whale 

conservation efforts. Conduct interviews with media.  

 

Orca Network – Scientific Advisor, Nov. 2015 – present. 

• Provide scientific interpretation and consultation and present the latest findings at research 

workshops and symposiums. Engage with the public at community events.  

 

San Juan Island Naturalist Program (SJINP) – Senior Coordinator, May 2015 – present 

• Facilitate annual memorandum of understanding between partners, San Juan County Land Bank, 

Orca Network, Whale Scout, with program support from additional non-profit organizations. 

• Train seasonal coordinator, certified naturalists, and multiple volunteers on the natural history of 

the Salish Sea and basic biology of marine mammals. Train all on data collection protocols.  

• Ensure data collected by SJINP is accurately entered into database 

• Oversee annual summary statistics repot to San Juan County Land Bank 

 

Center for Whale Research (CWR) – Research Director & Projects Manager, Nov. 2015 – Oct. 2017   

• Collaborated with state and federal partners, NGOs and whale and salmon advocacy organizations 

to protect and recover the whales. 

• Procured and administered grants related to the health of the Southern Resident killer whales.  

• Developed grant proposals to undertake additional research on acoustics and behavior of cetaceans 

in the Salish Sea, along the Pacific Coast to Monterey, California, in Alaska, and Hawaii.  

• Managed staff, accounting, vessel maintenance scheduling, and drove research vessels as needed.    

• Presented data and gave lectures at local, state, federal and NGO sponsored workshops 

• Served as primary media contact interpreting latest scientific research and as the “voice” for 

whales, conducted numerous interviews for print, digital and video, authored press releases. 

• Facilitated annual photo ID and demography on endangered Southern Resident killer whales.  

 

Graduate Researcher: Master’s thesis and PhD dissertation research, 2006-2013     
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• Wrote research grant proposal and successfully completed contract obligations including 

administration of $89,730.00 budget. 

• Procured U.S. scientific research permits under the Endangered Species Act/Marine Mammal 

Protection Act and Canadian research permits under the Marine Mammal/Species at Risk Act.   

• Assessed vessel compliance with guidelines and laws governing boating around marine mammals.   

• Collected location and attribute data on killer whale behavior, and vessel location, density and 

distance from whales to assess change in killer whale behavior in the presence of vessels. 

 

Research Scientist: (NOAA/NMFS) National Oceanic and Atmospheric, 2010-2014 and 2018-2020               

Administration/National Marine Fisheries Service Research 

• Utilized specialized equipment to capture remote whale and vessel location data and attribute data 

to be used in conjunction with Cascadia Research Collective and the Northwest Fisheries Science 

Center to assess underwater acoustics recorded by a suction-cup tag attached to the focal killer 

whales. Future peer reviewed publications stemming from the project will also examine killer 

whale diving behavior, movement patterns and foraging ecology.  

 

Research Assistant:  Cascadia Research Collective, 2005-2010 

Research:  Focal Behavioral Observations of Fish-Eating Killer Whales:  Improving Our Understanding of 

Foraging Behavior and Prey Selection. 

• Assisted with spotting, identifying, and tracking whales.   

• Retrieved field samples from nets, incl. fish scales and prey tissue, processed samples for analysis.   

 

Research Assistant:  The Whale Museum’s Soundwatch Boater Education Program, 2005-2008   

• Captained vessel conducting patrols to educate boaters on best practices around marine wildlife.  

• Collected data on vessels quantities and activities around whales, including commercial and private 

vessel compliance with recognized guidelines and laws on best boating practices.   

 

Research Assistant:  The Whale Museum’s Marine Mammal Stranding Network, 2005-2014  

• Responded to alert calls and assisted with assessing condition of potentially stranded marine 

mammals.   

• Collected remains for necropsy at University of Washington Friday Harbor Labs.   

 

Research Assistant:  The Northeast Minke Whale Project, 2005-2007 

• Participated in on-the-water surveys for minke whales in the Northeast Pacific. 

 

Research Scientist: (NOAA/NMFS) National Oceanic and Atmospheric Administration/National, 2007 

Marine Fisheries Service Research Cruise – Southern Resident Killer Whale Winter Range Tracking. 

• Deployed, retrieved and monitored acoustic recording equipment designed to document marine 

mammal vocalizations. 

• Operated hydraulic arm to deploy and recover CTD (conductivity, temperature, depth) equipment.   

• Processed water samples for salinity, nutrients, and toxins.  Conducted and processed samples from 

plankton tows. 

• Utilized high-powered military binoculars to locate marine mammals, recorded sightings in 

customized computer database. 

 

Research Assistant:  University of Washington, 2005-2006 

Research:  Effects of Vessels on Behavior of Southern Resident Killer Whales. 

• Operated computer in team effort with theodolite operator, assisted with spotting, identifying, and 

tracking individual killer whales from land-based field sites. 
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Biological Science Technician, GS-404-05:  NOAA/National Marine Fisheries Service/NWFSC, 2006   

Research:  Behavior of Southern Resident Killer Whales in the Presence of Vessels in San Juan Islands 

• Collected vessel density and attribute data using a handheld Palm Pilot computer.  

• Located and identified individual killer whales, monitored whale movements, and identified group 

social behaviors.   

 

Research Assistant:  Cascadia Research Collective, 2005      

Research: Trends in Contaminants in Puget Sound harbor seals 

• Recorded field data, photographed deceased harbor seal pups, bagged and labeled biopsy specimens 

including blubber and liver tissue for later lab analysis of toxicity levels.   

 

SPECIAL TRAINING 

• Experience with GIS, database management and mapping 

• 16 years’ experience operating vessels around all marine mammals in the Salish Sea.  At ease on 

large and small research vessels regardless of weather conditions. Motorboat Operator Certified. 

• Certified in Standard first aid, Adult CPR/AED, Infant and Child CPR. 

• Thoroughly trained in Global Positioning Systems (GPS) hardware and software technology, and in 

the use of commonly utilized field equipment including total stations, laser rangefinders, 

binoculars, digital compasses, and various data collectors including: Pocket PCs, Palm Pilots.   

• Extensive experience in marine mammal research such as identifying, collecting and recording data 

on individual Southern Resident killer whales, minke, humpback and gray whales, harbor seals, 

harbor and Dall’s porpoises. 

• Proficient in acoustic tag insertion in salmon smolt.    

• Skilled in recording vessel quantities and activities around marine mammals & marine protected 

areas.   

 

GRANTS AND AWARDS 

• NOAA/NMFS Research Contract to record whale and vessel location in conjunction      2010-2014 

with Cascadia Research Collective examining diving behavior, foraging ecology and  

movements of killer whales. 

• Geosystems Award, California Geographical Society Annual Meeting’s Top Award.       2012 

• Society of Marine Mammalogy, Student Travel Award, for Biennial Conference                      2011 

on the Biology of Marine Mammals, Tampa, FL.                  

• NOAA/NMFS Research Contract to study vessel compliance with boating regulations            2009    

• NOAA/NMFS Research Contract to study effects of vessels on killer whale behavior     2007-2009 

• Office of Graduate Studies, Travel Award, presentation at AAG annual conference                  2007 

• Recipient of a Henry A. Jastro/Peter J. Shields Research Fellowship Award-3 years       2006-2008 

• UC Davis Geography Grad. Group Research Grant: Student Support Award-6 years      2005-2011 

 

TEACHING EXPERIENCE   

• University of Washington, Friday Harbor Labs. Instructor 

Marine Mammals of the Salish Sea, lecture and lab                2017 

• UW-FHL Instructor 

Marine Biology, lecture and lab               2017- 2019 

• University of California, Davis (UCD). Instructor   

Habitat Conservation and Restoration, lecture and field lab 

Wildlife, Fisheries, Conservation Biology Department (WFCB)           2014, 2015 

• UCD Teaching Assistant (TA) – Habitat Conservation & Restoration, WFCB                2006 -2013 

• TA – Wildlife Ecology and Conservation, WFCB                                                             2011-2013 
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• TA – Natural History of California's Wild Vertebrates, WFCB             2011-2013   

• TA – Coastal Ecosystems, WFCB                                           2010 

• TA – War & Terrorism, Science and Society                                                2009 

• Graduate Student Researcher, Coastal Ecosystems Analysis – Pt. Reyes CA.                  2005, 2008 

• TA – Technology in Society, American Studies                         2008 

• TA – Plant Geography, WFCB                          2006 

• TA – Physical Geography, Environmental Science and Policy                      2006 

• TA – Nature and Culture in America, American Studies                        2005 

• TA – Human Evolutionary Biology, Anthropology                       2004 
 

ACADEMIC & COMMUNITY SERVICE 
• Elected to the Steering Committee for the Salish Sea Ecosystem Advocates         2009-present 

• Scientific Advisor for Killer Whale Tales,              2008-present 

  Elementary school environmental education program        

• Admissions Committee, Geography Graduate Group 2006-07 applicant pool                     2006 

• Executive Committee, Geography Graduate Group, Student Representative                   2004-2007  

• U.C. Davis Graduate Students Association, Graduate Group Representative                  2004-2007 
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Journal of the Acoustical Society of America 146, 3475  
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Scientific Reports 9, 14951 
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toothed whales. Scientific Reports 8, No. 12833 
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contaminants in Southern Resident killer whale fecal samples indicated possible exposure to vessel 
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• S. Ellis, D. W. Franks, S. Nattrass, M.A. Cant, D.L. Bradley, D.A. Giles, K. C. Balcomb, D. P. 
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2017.  Mortality risk and social network position in resident killer whales: sex differences and the 

importance of resource abundance. Proc. R. Soc. B 2017 284 20171313; DOI: 
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• Orca Network’s Ways of Whales Workshop – Everybody Loves a Pooping Whale:                2020 
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Population growth is limited by nutritional

impacts on pregnancy success in endangered

Southern Resident killer whales (Orcinus orca)

Samuel K. Wasser1*, Jessica I. Lundin1, Katherine Ayres1, Elizabeth Seely1,

Deborah Giles2, Kenneth Balcomb2, Jennifer Hempelmann3, Kim Parsons3,
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Abstract

The Southern Resident killer whale population (Orcinus orca) was listed as endangered in

2005 and shows little sign of recovery. These fish eating whales feed primarily on endan-

gered Chinook salmon. Population growth is constrained by low offspring production for the

number of reproductive females in the population. Lack of prey, increased toxins and vessel

disturbance have been listed as potential causes of the whale’s decline, but partitioning

these pressures has been difficult. We validated and applied temporal measures of proges-

terone and testosterone metabolites to assess occurrence, stage and health of pregnancy

from genotyped killer whale feces collected using detection dogs. Thyroid and glucocorticoid

hormone metabolites were measured from these same samples to assess physiological

stress. These methods enabled us to assess pregnancy occurrence and failure as well as

how pregnancy success was temporally impacted by nutritional and other stressors,

between 2008 and 2014. Up to 69% of all detectable pregnancies were unsuccessful; of

these, up to 33% failed relatively late in gestation or immediately post-partum, when the cost

is especially high. Low availability of Chinook salmon appears to be an important stressor

among these fish-eating whales as well as a significant cause of late pregnancy failure,

including unobserved perinatal loss. However, release of lipophilic toxicants during fat

metabolism in the nutritionally deprived animals may also provide a contributor to these

cumulative effects. Results point to the importance of promoting Chinook salmon recovery

to enhance population growth of Southern Resident killer whales. The physiological mea-

sures used in this study can also be used to monitor the success of actions aimed at promot-

ing adaptive management of this important apex predator to the Pacific Northwest.
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1. Introduction

The Southern Resident killer whales (SRKW; Orcinus orca) represent the southern population

of the fish-eating ecotype inhabiting the northeast Pacific Ocean [1]. From late May through

October, the three SRKW pods, termed J, K and L, frequent the inshore waters of Washington

State and British Columbia, commonly known as the Salish Sea. Following a near 20% decline

in their population during the late ‘90’s, the population was listed as endangered under the

Canadian Species at Risk Act in 2001 [2] and the U.S. Endangered Species Act in 2005 [1].

Only 78 individuals (J pod = 24 individuals; K pod = 19 individuals; L pod = 35 individuals)

remain in the current population as of December, 2016 [3]. Reduced availability of their pre-

ferred prey, threatened and endangered Chinook salmon, appears to be at the core of the

SRKW decline [4–7], although exposure to toxicants [8], and pressure from vessel disturbance

may also contribute to these cumulative effects [9].

Reduced fecundity appears to be a particularly important contributor to the SRKWs failure

to recover [4]. The rate of successful pregnancy in the wild population is unknown since, to

date, pregnancy is only confirmed by observation of a newborn calf. SRKW typically give birth

every 5.3 years [10]. However, holding age structure and survivorship constant, fecundity rates

of SRKW (0.21) are significantly lower than those of Northern Resident (0.26;) [11] or South-

east Alaskan Resident killer whales (0.27) [12], neither of which are listed as at risk. Assuming

a median peak fecundity rate of 0.21, the 31 potentially reproductive females in the SRKW

population should have had 48 births between 2008–2015. Yet, only 28 births were recorded

during that period. The 7 adult females in K pod have not had a birth since 2011, and just two

births since 2007. The 24 females in the remaining two pods (J and L) have averaged < 1 birth

per pod since 2011, with no births in 2013, but had 7 births in 2015. One of the two offspring

born in 2014 died [3]. This study addresses causes of the low reproductive rate in SRKWs in

an effort to recommend management decisions that can enhance population growth and long-

term sustainability of this endangered population.

We examine determinants of pregnancy success and failure in the SRKWs from 2008

through 2014 based on hormone measures of pregnancy occurrence and health as well as phys-

iological stress from genotyped feces. SRKW fecal samples are located with high efficiency by

specially trained detection dogs, with detection rates over five times that by trained human

observers [5,13,14]. Progesterone and testosterone collectively provide reliable indices of

pregnancy occurrence, timing and health in killer whales. Concentrations of both P4 and T

increase several-fold during gestation, although the increase is more gradual for T. Both hor-

mones sharply decline to pre-conception levels around parturition [15,16]. We develop and

validate a noninvasive endocrine measure of pregnancy occurrence and loss in the killer

whales using metabolites of progesterone (P4) and testosterone (T) excreted in their feces.

Fecal glucocorticoid (GC) and thyroid (T3) hormone metabolite measures are used to moni-

tor nutritional and disturbance stress within and between years. These two endocrine systems

work closely together to regulate energy availability and utilization to meet nutritional, growth

and thermoregulatory demands [17]. GCs rapidly rise in response to poor nutrition, cold temper-

ature and disturbance stressors, mobilizing glucose to provide energy to deal with the immediate

emergency [18,19]. GC concentrations over time are particularly informative for distinguishing

nutritional from boat stress since abundances of both Chinook and whale-watching boats have

very similar temporal patterns. Chinook and boat abundance are both relatively low in spring,

peak in mid- to late August and then decline. Yet, the GC signal from nutritional stress should be

lowest when fish abundance is at its peak while highest when boat density is at its peak [5].

Thyroid hormone (triiodothyronine, T3), on the other hand, produces a more conservative

response to nutritional and thermal stress, functioning by adjusting metabolism. It is also

Nutrition limits killer whale population growth
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important to promote fetal brain growth during gestation [20]. While T4 is the most abundant

thyroid hormone, it is directly converted to T3, which has many times the biological activity of

T4 [20,21]. T3 levels are relatively slow to change when food shortages are first encountered,

allowing the body to use all available fuel to search for food. If poor food conditions persist, T3

abruptly declines, lowering metabolism to prevent the body from exhausting its remaining fuel

stores [21–24]. T3 may also be blunted under good food conditions when a low metabolism is

needed to increase growth (e.g., to accumulate blubber stores in fall, in preparation for the rel-

atively lean winter; [20]). In dolphins, T3 is lower in failed versus successful pregnancies at all

stages of gestation [25]. T3 is relatively unresponsive to disturbance stress.

This study uses temporal patterns in P4 and T to predict pregnancy outcomes among the

SRKWs and T3, GC and the T3/GC ratio to index the importance of nutritional and other

stressors in their reproductive decline.

1.1 SRKW natural history

Mean reproductive maturity (age at first conception) in female SRKWs occurs at 9.8 years of

age in captivity 12.1 years in the wild [10,26]. Maximum fecundity (probability of becoming

pregnant in a single estrous cycle) of SRKW occurs between ages 20–22, increasing quickly

during the first four years after sexual maturity, slowly declining from age 22 to 39, and then

precipitously declining thereafter [4,10]. Gestation is approximately 18 months, making the

prior year’s salmon availability particularly important to fecundity [11,27].

During our late May through October study period, the SRKWs primarily feed on Chinook

salmon, increasingly dominated by Fraser River Chinook (FRC) returning to spawn in nearby

rivers [28,29]. SRKWs generally spend the remainder of the year outside the Salish Sea, moving

up and down the Pacific Coast, from CA to Southeast AK [6]. K and L pods tend to spend

more time further south than does J pod in winter, while J pod frequents the Salish Sea more

than does K and L pods in summer and winter. Nutritional demands on SRKW are presumed

to be greatest in winter when their salmonid prey are more widely dispersed, smaller in size

and other non-salmonid prey appear to be a larger fraction of the diet [6,29,30]. Thermoregu-

latory demands may also influence nutritional demands during winter. SRKW then transition

to spring, eventually subsisting on a diminishing number of spring/summer run adult Chi-

nook salmon approaching river mouths inside and outside the Salish Sea until the Fraser River

Chinook (FRC) runs peak in mid- to late-August.

Temporal patterns in fecal GC and T3 concentrations [5], combined with radio-tagging

data [28], suggest that early spring interior race Columbia River Chinook (CRC) runs are also

important to SRKW nutrition. The CRC run increases from mid-March to the end of May

based on estimates at the Bonneville dam [31] and have some of the highest fat content of any

adult salmon to support their extremely long freshwater spawning migration [32,33]. Foraging

on the fat rich Columbia River Chinook in early spring was hypothesized to replenish the killer

whales after the long winter and sustain them until the temporally and quantitatively variable

mid to late August peak in Fraser River Chinook (FRC) occurs (S1 Fig). T3 concentrations in

fecal samples collected between 2007 and 2009 were consistently at their highest when the

SRKW first arrived in the Salish Sea in late spring [5]. Presumably, this occurred because the

whales arrived after feeding on the fat rich Columbia River Chinook. SRKW were detected

twice as frequently at the Columbia River in early spring than expected by chance [28]. This

argument is further supported by increases in serum thyroid stimulating hormone, T4 and T3

in fasting humans and rats in response to leptin injections [20]. With FRC runs still quite low,

T3 levels then fell precipitously. GC concentrations when the SRKWs first arrive in the Salish

Sea in late spring were also relatively high, further reflecting the comparatively low FRC

Nutrition limits killer whale population growth
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abundance at that time, and consistent with the precipitous decline in T3 shortly following

SRKW arrival [5].

2. Methods

2.1 Ethics statement

Fecal samples were collected in United States waters under National Marine Fisheries Service

permits 532-1822-00, 532–1822, 10045 and 17344. Samples were collected in Canadian waters

under Marine Mammal License numbers 2008–16, 2009–08, 2010–09 and 2012–08, as well as

Species at Risk Act permits numbered 91, 102, 109 and 155. Sample collection methods were

approved by the University of Washington’s Institutional Animal Care and Use Committee

(IACUC) under protocol 2850–08.

2.2 Scat (fecal) sampling using detection dogs

Scat sampling occurred in the Salish Sea between late May and October, from 2008–2014,

coinciding with the time the SRKWs frequent the study area. Whenever possible, we aimed to

evenly sample each pod by starting at the front of the pod’s direction of travel, continuing to

sample until the pod passes and then returning again to the front of the pod.

Scat samples are located by detection dogs trained to locate SRKW scat floating on the

water’s surface [5,13,14]. The use of detection dogs greatly increases sample size due to their

remarkable ability to smell SRKW scats at distances up to one nautical mile away, even in fast

moving currents. The detection dog rides on the bow of the boat, driven perpendicular to the

wind, beginning at least 200 yards downwind from an area where the whales have just traveled.

As the boat approaches the edge of the scent cone emanating from the sample, the dog’s behav-

ior suddenly changes from resting to actively perched far over the bow of the boat, anticipating

its reward for sample detection. As the boat passes through the center of the scent cone, where

the odor is strongest, the dog leans heavily over the windward side of the boat, following the

strongest scent, informing the handler to direct the boat driver to turn into the wind. Subtle

cues by the dog, relative to wind direction, allow the driver to stay on the scent line until the

sample is reached. The dog typically becomes restless, often whining at that point because the

scent surrounds the boat and thus no longer has a clear direction. If at any time the boat travels

out of the scent cone, the dog changes position and looks back to where the scent was stron-

gest. The handler then directs the driver to circle back into the scent cone until the dog’s

change in behavior once again alerts the handler it has redetected the scent.

As soon as the sample is visually located, a 1-liter polypropylene beaker fastened to a 3–6 foot

pole is used to scoop the sample by skimming the surface just under the sample. The first sample

out of the water is presented to the dog, which is followed immediately by the toy reward and a

few minutes of play. Meanwhile, the crew continues to scoop all remaining sample pieces from

the water’s surface. The majority of water is carefully poured off the sample, and the sample pieces

are collected into a 50 mL polypropylene tube, centrifuged, and the remaining seawater is de-

canted. The sample is placed on dry ice until stored frozen at -20˚C that evening and remains at

that temperature until processed in the lab. Fecal samples range in size from 0.5 to 300 mls, but a

typical sample collection volume is 2 mls. Fortunately, the consistency of SRKW scat makes the

hormones fairly evenly distributed even in small samples (Ayres and Wasser, unpublished data).

2.3 Fecal DNA and hormone measures

Once thawed for hormone extraction, the homogenized sample is swabbed for DNA using a

synthetic tip. The swab is then kept frozen at -20˚C until being genotyped for species, sex, pod,

Nutrition limits killer whale population growth
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and individual identification by NOAA NW Fisheries Science Center [34]. 76% of all individu-

als are currently genotyped to the individual, and 88% of all adult females. Fecal hormone

metabolites of glucocorticoid (GC), thyroid (triiodothyronine, T3), testosterone (T) and pro-

gesterone (P4) are extracted using methods described in [21] and measured using assays in

Wasser et al. [35] (P4), [36] (GC), [21] (T3)] and Vellosa et al. [37] (T). Briefly, each sample is

thawed once and centrifuged (2,200 rpm for 20 minutes), allowing any excess salt-water to be

decanted. Samples are lyophilized (48 hours in a Labconco FreeZone Freeze Dry System),

thoroughly mixed and up to 0.1g weighed, transferred to a 50 ml polypropylene screw-top

tube and extracted once in 15ml of 70% ethanol using a Multi-Tube Pulse Vortexer (Terre

Haute, IN). Extracts are then stored at -200 C until assayed for hormone concentrations. Hor-

mone concentrations are expressed per gram dry weight to control for inter-sample variation

due to diet and variable moisture [38]. Wasser et al. [38] showed that expressing fecal hor-

mones per gm dry weight controls for diet related changes in fecal bulk. Because fecal hor-

mones are hydrophobic, removing all water from the sample removes the majority of variation

in fecal bulk, significantly improving the blood-fecal hormone correspondence (see also [5] for

killer whales). Samples smaller than 0.02 g dried weight were excluded from analysis to avoid

inflation effects of low sample mass on hormone concentrations [39].

Radioimmunoassay was performed to measure fecal hormone metabolites using 125I corti-

costerone RIA kits (#07–120103; MP Biomedicals, Costa Mesa, CA) and MP Biomedicals’

Total T3 coated tube RIA kits (#06-B254216) for GC metabolites and T3, respectively. The T3

assay was previously validated for killer whales [21]. The GC assay [36] was validated for killer

whales in Ayres et al [5]. Fecal pools as well as commercial controls from each assay kit were

used to assess inter-assay coefficients of variation. Commercial T3 controls were prepared as

previously described [21]. P4 and T were measured using an in house 3H progesterone RIA

assay using antibody CL425 [35,40], and an in-house 3H testosterone RIA assay using antibody

#250 [37,40]. All other hormone assays were validated in the present study.

All five hormone assays exhibited parallelism; slopes of serially diluted SRKW fecal extracts

were not significantly different from the slopes of the standard curves (GC: F1,7 = 0.41, p =

0.54; T3: F1,9 = 2.89, p = 0.12; P4: F1,10 = 0.80, p = 0.3925; T: F1,9 = 3.65, p = 0.09). Fifty percent

binding of the radioactively labeled hormone occurred at target dilutions of 1:60 for GC, 1:30

for T3,1:60 for P4 and 1:10 for T metabolites. All five hormones also exhibited good accuracy

at their target dilutions (GC: slope = 1.2, r2 = 0.98; T3: 1.09, 1.00; P4: 1.07, 0.98; T: 0.68, 0.99),

indicating that substances in SRKW fecal extract do not interfere with hormone binding.

Inter-assay coefficients of variation were 7.8% for T3, 7.6% for GC; 17% for P4, and 19% for T.

Intra-assay coefficients of variation (calculated as the percent of the mean divided by the stan-

dard deviation) were 1.9% for T3, 3% for GC, 3.1% for P4; and 3.2% for T. Antibody cross-

reactivities are published in Wasser et al ([35], P4; [36], GC; [21], T3) and Velloso et al ([37],

T).

2.4 Pregnancy assignment

All whales are photo-identified each day they are observed in the study area, making it unlikely

that a newborn would be missed if present when the population is being observed [3]. This

enabled us to establish temporal pregnancy profiles using fecal P4 and T concentrations for all

pregnant females that subsequently gave birth, approximating gestational age at the time of

sample collection based on the estimated birth date of the female’s calf. All birth dates in our

study (Table 1) were estimated by two independent observers from the Center for Whale

Research, respectively with 40 and 30 years experience, using close range photographs taken of

each calf at the time of first observation. Features used to assess calf age included: shape of

Nutrition limits killer whale population growth
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cranial crest (lumpy at birth), flopped over dorsal fin (apparent in first 1–2 days), fetal folds,

fattening after first month, jaundice coloration, skin molting at 3–5 months, date of previous

observed photo of pregnant females without a calf. The Center for Whale Research (unpub-

lished data) developed these criteria by compiling a time-stamped folder of known-age calf

photos that illustrate these age-dependent morphological differences.

A fecal P4 concentration threshold was then established to indicate pregnancy by compar-

ing P4 concentrations across all known sex and reproductive classes, and demonstrating that

all gestating SRKW females, subsequently confirmed to have been pregnant by a live birth, sur-

passed this threshold and sustained it until the end of their 18 month gestation period (see also

Table 1. Sex, date of first observation, estimated age, birthdate and survival status for each calf whose mother was sampled during her pregnancy

or lactation of that calf.

Calf Data Mother of Calf data

Year Calf

ID

Calf

Sex

Date Calf was first

photographed

Assigned Calf

Birthday

Estimated age of

Calf

Calf age at

death

Mother of

Calf

Birth year of

Mother

Age of

Mother

2007 J42 F 5/2/2007 5/2/2007 Alive J16 1972 35

2008 K42 M 6/3/2008 4/3/08 1–3 mo Alive K14 1977 31

2008 L111 F 8/12/2008 7/30/2008 2 wk <1 month L47 1974 34

2009 L112 F 2/6/2009 1/24/2009 2 wk 3 years L86 1991 18

2009 J44 M 2/6/2009 1/1/2009 1 mo + Alive J17 1977 32

2009 J45 M 3/3/2009 2/15/2009 2 wk Alive J14 1974 (died

2016)

35

2009 L113 F 10/10/2009 10/1/2009 1–2 wk Alive L94 1995 14

2009 J46 F 11/11/2009 10/28/2009 2 wk Alive J28 1993 (died

2016)

16

2010 J47 M 1/3/2010 12/9/2009 < 1 mo (12/5 no calf) Alive J35 1998 12

2010 K43 F 2/21/2010 1/31/2010 3 wk Alive K12 1972 38

2010 L115 M 8/6/2010 7/31/2010 1 wk Alive L47 1974 36

2010 L116 M 10/13/2010 10/3/2010 1–2 wk Alive L82 1990 20

2010 L117 M 12/6/2010 11/30/2010 1 wk Alive L54 1977 33

2010 L114 U 2/21/2010 2/16/2010 < 1 wk 4 months L77 1987 23

2011 K44 M 7/6/2011 7/3/2011 3 days (No calf 3

days prior)

Alive K27 1994 17

2011 L118 F 2/10/2011 1/20/2011 3 wk? Alive L55 1977 34

2011 J48 U 2/17/2011 1/29/2011 � 3 wk <1 month J16 1972~ 39

2012 J49 M 8/6/2012 8/6/2012 1 day, saw 1st day Alive J37 2001 11

2012 L119 F 5/29/2012 5/15/2012 2 wk Alive L77 1987 25

2013 unk U 1/7/2013 1/7/2013 1 day <1 month J28 1993 20

2014 J50 F 12/23/2014 12/15/2014 2 wk? (12/12 no

calf)

Alive J16 1972~ 42

2015 L123 M 11/7/2015 10/15/2015 < 1 Mo (10/11 no

calf)

Alive L103 2003 12

2015 J53 F 10/24/2015 10/14/2015 1–2 wk (10/03 no

calf)

Alive J17 1977 38

2015 L122 M 9/7/2015 8/24/2015 2 wk Alive L91 1995 20

2015 J52 M 3/30/2015 3/16/2015 2 wk (no calf 02/18) Alive J36 1999 16

2015 L121 M 2/25/2015 2/18/2015 ~ 1 wk Alive L94 1995 20

2015 J51 M 2/12/2015 2/5/2015 1 wk Alive J41 2005 10

Maternal age at time of sampling is also included.

? = best guess.

https://doi.org/10.1371/journal.pone.0179824.t001
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[15]). No samples from genotyped males, or from lactating, non-cycling, immature or post-

reproductive females approached this P4 threshold. Comparisons of T concentrations were

similarly used to separate pregnancies into early and late stages of gestation. T rises during

pregnancy, albeit more slowly than P4. By mid-gestation, T concentrations in pregnant

females are comparable to, if not higher than those observed only in adult males (but without a

comparable rise in P4) [16] (see also results). Thus, high P4, low T samples were classified as

from females in early gestation and high P4, high T samples were classified as from females in

mid- to late-gestation. All samples from genotyped adult females at or above these P4 and T

concentrations were classified as pregnant. Pregnancies were classified as successful if the

female was subsequently observed with a live birth before 18 months from the time of sample

collection. Otherwise, the pregnancies were classified as unsuccessful, representing a spontane-

ous abortion or an unobserved perinatal mortality.

2.5 Statistical analyses

All statistical analyses were performed using the software, JMP (SAS Institute, 2010). Log-

transformed values were used for all hormone analyses. A general linear model (GLM) was

used to distinguish reproductive and non-reproductive groups of each sex based on P4, T, T3,

GC and T3/GC concentrations. Differences between groups were then tested using a chi-

square contrast test.

The abundance and timing of Fraser River Chinook (FRC) was determined from 2008–

2014 by Albion Test Fishery CPUE data (Catch Per Unit Effort, [41]), collected on a daily basis

by an independent observer during spring, summer, and fall months. All correlations between

hormone concentrations and fish abundance used Albion Test Fishery CPUE data lagged by

12 days from the time a sample was collected; the 12 day lag was derived from estimates of Chi-

nook swim time from the study area to the test fishery, which was also in agreement with the

lag time that resulted in the best fit model between prey abundance and nutritional hormones

[5,8]. The CPUE data were log10 transformed to achieve normality. Early spring Columbia

River Chinook abundance was also estimated from daily counts at the Bonneville dam [31] by

calculating the area under the curve from Julian Day 100 to 140.

Vessel counts were taken every half hour (within 5 minutes of the half hour). Any vessels

outside the 5 minute grace period were not counted. All boats within 0.5 mile of the killer

whales were recorded by type (commercial whale watch, recreational, cargo, ferry, commercial

fishing, enforcement, research, monitoring, and kayak or paddleboard) and activity (e.g., tran-

siting, whale watching, fishing (lines in the water), acoustic, enforcing). A second (B) count

was taken when a second nearby whale group was present (1–2 miles away) but outside of our

initial count area, providing that the vessels and their activity could be clearly identified.

The correspondence between fish abundance and Julian date (i.e., the consecutive day of

the year, ranging from 1 to 365) and vessel abundance and Julian date, across years, was estab-

lished with a GLM, which allowed us to then use Julian date as proxies for fish and boat abun-

dance in subsequent analyses. A GLM was used to separately predict T3 and GC by Julian date

for all sampled individuals. The relation between early spring Columbia River salmon abun-

dance and subsequent T3 and GC concentrations during that same year was also tested in

those regressions. Finally, GLM was used to separately predict T3, GC and the T3/GC ratio,

using Julian date as a polynomial and pregnancy type as independent variables. GC was

included as a covariate whenever predicting T3, and vice versa, since both hormones respond

to other in the regulation of energy balance. For T3, this was done by fitting T3 by GC, saving

the residuals, and then using the residuals of that analysis in the final regression. For GC, the
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residuals for GC fit by T3 were used. In all cases, forward stepwise model selection was used to

identify the best model in our GLM analyses, based on Akaike’s Information Criterion (AIC).

Raw Data are provided in S1 Appendix.

3. Results

In total, there were 348 samples from known (genotyped) individuals, in the final analytic

dataset representing 79 unique whales (Supplemental Information-raw data), including 11

successful and 24 unsuccessful pregnancies (Table 2). Each year included a representative sam-

pling by pod, sex and reproductive class.

3.1 Changes in fish abundance, vessel density, T3 and GC

concentrations over time

Based on delta AIC, the Albion Test Fishery Abundance of FRC, measured in CPUE, was best

predicted by a 4th order polynomial using Julian date (i.e., consecutive day of the year, P<

0.0001) across years (Fig 1A), with a peak in CPUE at day 228 (Aug 16). CPUE significantly

declined across years, when examined as a continuous variable (P < 0.0001). The lowest FRC

CPUE occurred in 2013, followed by 2012 (for both, p< 0.0001 compared to all prior years,

and p<0.004 compared to 2014) and then 2014 (p< 0.04 compared to 2008–2011) (see also

S1 Fig). Vessel density was similarly predicted by a 4th order polynomial using Julian date

(p< 0.0001) with a peak at day 222 (Fig 1B). Vessel density significantly increased across

years, when examined as a continuous variable (P < 0.0001).

We next separately predicted T3 and GC concentrations based on Julian date (Fig 1C and

1D, respectively), given the close association of Julian date with both fish and vessel abun-

dance. Spring Columbia River Chinook (CRC) abundance was also included as a covariate in

these analyses since the relatively slow responding T3 was hypothesized to still be influenced

by spring CRC abundance at the time of SRKW early summer arrival in the Salish Sea. T3 con-

centration was best predicted by a 5th order polynomial of Julian date (p< 0.0001) and was

also positively correlated with CRC (p< 0.0001). For all years of study, T3 was at its peak

Table 2. Pod composition and samples per unique successful and unsuccessful pregnancy from

genotyped females per year.

SRKW Pod Reproductive Age Class Unsuccessful

Pregnancy+:

unique whales/

total samples

Confirmed

pregnancies+*:

unique whales/

total samples

Year J K L Juvenile RM RF PRF Low T High T Low T High T

2008 13 5 7 7 6 7 5 0/0 0/0 1/1 1/1

2009 24 10 14 9 18 13 8 1/2 2/2 0/0 1/2

2010 14 6 12 3 6 13 10 1/1 0/0 1/2 1/1

2011 25 17 23 15 16 24 10 0/0 3/4 2/2 1/1

2012 32 11 8 6 13 24 8 5#/9 1#/2 0/0 0/0

2013 17 7 21 6 12 23 4 4†/4 1†/1 0/0 0/0

2014 36 18 6 19 10 27 4 5/6 1/1 1/4 2/2

RM = reproductive male, RF = reproductive female, PRF = Post-reproductive female.

*Not all samples between years are unique pregnancies
† Includes 2 samples from one pregnancy, one with Low T and one with High T
+ Includes only samples from females with P4 concentrations� 2000 ng/g
# Observed birth, reclassified at unsuccessful due to early perinatal mortality

https://doi.org/10.1371/journal.pone.0179824.t002
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when the SRKWs arrived in early summer, presumably after feeding on the early spring CRC.

T3 sharply declined shortly thereafter, presumably because FRC abundance was still low, pla-

teauing around the time that FRC CPUE begins to rise. T3 concentrations then slightly

declined again in September, just after the FRC peak.

GC concentration was best predicted by the quadratic of Julian date (p = 0.004), showing

the U-shaped pattern indicative of nutritional stress, with the trough at day 220, near the FRC

peak. GC was not correlated with CRC, supporting the hypothesis that the GC response

reflects more immediate conditions compared to T3.

3.2 Pregnancy occurrence and loss indices

Twelve females sampled during pregnancy were subsequently confirmed to give birth (37% of

detected pregnancies) by photo-identification between 2008 and 2015. However, one of those

females (J28) was subsequently reclassified as a High T unsuccessful pregnancy because her

Fig 1. A) Fraser River Chinook (FRC) Salmon Run abundance (CPUE: catch per unit effort), B) mean vessel count (all boats observed with 0.5 m

of the whales) plotted by Julian date across years, C) Change in SRKW fecal thyroid hormone (triidothyronine, T3 ng/g dry feces) by Julian date

(left panel) and early spring Columbia River Chinook abundance (right panel), and D) Change in SRKW fecal glucocorticoid (GC ng/g dry feces)

hormone concentration by Julian date. Dashed blue lines represent the standard error surrounding each curve. Vertical red line in left panel, Fig C

indicates the mean peak in FRC abundance and the mean peak in boat abundance in Fig B and D.

https://doi.org/10.1371/journal.pone.0179824.g001
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calf died immediately post-partum.) In all samples, P4 was well above the 2000 ng/g pregnancy

threshold by 2.5 months gestation, and remained so for the next 15.5 months until parturition.

One sample collected on a confirmed pregnant female during her first month of gestation

had P4 levels below the 2000 ng/g threshold (Fig 2A). By contrast, no male, or immature,

non-cycling, lactating or post-reproductive female whale ever approached that P4 threshold

(Table 3). The majority of samples from confirmed pregnant females were well above 18,000

ng by 10 months gestation. All samples from confirmed pregnant females exhibited a precipi-

tous decline below 2000 ng/g P4 immediately following parturition (Fig 2A).

T concentrations of all samples from confirmed pregnant females clearly remained below

50 ng/g until mid-gestation (Fig 2B). Thus, pregnancy samples (i.e., samples above the 2000

ng/g P4 threshold) were divided into low (� 50 ng/g) and high (> 50 ng/g) T groups, respec-

tively, corresponding to early, and mid-to-late stages of gestation (Fig 2A and 2B). The only

other age-sex class that showed significantly elevated T concentrations, above the 50 ng/g

threshold, was adult males, but their P4 concentrations never approached 2000 ng/g (see

Table 3). T was above the 20 ng/g by 2.5 months gestation in all confirmed pregnant females,

with the majority above 100 ng/g by 10 months gestation (Fig 2B). Low T confirmed pregnant

females had a mean fecal P4 of 6206 ng/g ± 2565) and a mean T concentration of 21 ng/g ±
5.8, whereas High T confirmed pregnant females had a mean fecal P4> 25587 ng/g ± 5116)

and a mean T concentration of 215 ng/g ± 43 (Table 3). With the exception of one early lacta-

tion sample, testosterone concentrations declined well below the 50 ng/g threshold after partu-

rition (Fig 2B). Multiple scat samples were obtained from the same pregnancy event in 4 of the

11 pregnancies and three lactation events; all multiple samples exhibited these same P4 and T

patterns over time.

None of the post-reproductive females were ever recorded to be pregnant nor did they

show any sign of ovarian activity (Table 3). These results support the assertion that the “post-

reproductive” adult females (>40 years of age) in this population have undergone reproductive

senescence [42].

Samples from genotyped reproductive age adult females with P4 concentrations above the

2000 ng/g pregnancy threshold that were not followed by a live calf within the 18-month gesta-

tion period were assumed to be from females that experienced a spontaneous abortion (in

utero mortality), or early perinatal death prior to calf’s first observation, collectively termed

an unsuccessful pregnancy (UPg). Among the females classified as reproductive adults, we

characterized 24 unique unsuccessful pregnancy (UPg) events from 12 different females with

genotyped samples collected between 2008–2014—up to 69% of all confirmed pregnancies

(Table 2). All samples from the 22 apparent UPg’s had significantly elevated progesterone con-

centrations well above 2000 ng/g. Yet, no observations of those females over the next 18

months included a new calf. As with confirmed pregnancies, the presumed UPg samples were

separated into two distinct groups: one with T concentrations above 50 ng/g feces (mean

T = 198.6±40; P4 = 37,425±12,820), hereafter termed “high T UPg” samples (7 unique females,

7 presumed late spontaneous abortions and one early perinatal loss), and the other with T con-

centrations below 50 ng/g feces (mean T = 11.3±3.2; P4 = 6618±2014), termed “low T UPg”

samples (4 females, 16 presumed early spontaneous abortions; Table 2; Fig 3A). Multiple sam-

ples from 6 of the 24 unsuccessful pregnancy samples (4 low T, 2 high T, plus 1 low T that tran-

sitioned to high T) were all within the pregnancy range (i.e., P4 < 2000 ng/g). Thirty three

percent of the UPg samples (8 out of 24) identified here were high T UPg (up to 23% of all

recorded pregnancies). The high T UPg samples were likely from the second half of gestation,

based on their high P4 and T concentrations relative to temporal profiles for those hormones

in whales with a confirmed pregnancy (see Fig 2).
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Fig 2. A) Progesterone (P4) and B) testosterone (T) concentrations across gestation and lactation, for

all successful pregnancies (Pg), subsequently confirmed by observed births. Each unique pregnancy

Nutrition limits killer whale population growth
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T3 and GC concentrations also varied across all sex, age and reproductive classes (Table 3).

T3 was highest in juvenile and pubescent individuals compared to adults, with the exception

of Low and High T successful pregnant and low T UPg females. All of those individuals also

had a relatively high T3/GC ratio (> 0.3), indicative of relatively good nutrition (Table 3).

By contrast, T3 in the High T UPg samples was comparable to that of non-pregnant adults

(Table 3), and notably lower than the concentrations from successful pregnant and low T UPg

females (Fig 3B). These High T UPg samples also had the highest GC concentrations of any

reproductive class, was significantly higher than the GC concentrations in High T successful

pregnancies. The T3/GC ratio in High T UPg females was lower than that of another other

reproductive class (Table 3), indicative of nutritional stress (Table 3), and nearly 7 times lower

than that among High T successful pregnancies. Indeed, the T3/GC ratio in High T successful

pregnancies was higher than that for any other reproductive class, with the exception of lactat-

ing females (Table 3, Fig 3B).

3.3 Changes in T3 and GC concentrations relative to fish abundance

over time across pregnancy groups

T3 and GC concentrations, along with the T3/GC ratios were separately compared among

High T successful pregnant and UPg samples, across Julian date. (Low T samples were not

included in these comparisons because their T3 and GC concentrations were not significantly

different from those of confirmed pregnant females.) All three dependent variables were best

predicted by a 3rd order polynomial of Julian date (p< 0.01). Similar to the overall population

trend, T3 concentrations were highest in early summer, followed by a precipitous decline.

is indicated by its own symbol, along with the associated female’s ID. The vertical dashed black line in Fig A

and B indicate estimated day of parturition. The 2000 ng pregnancy threshold is indicated by the horizontal

dashed red line in Fig A, as is the 50 ng/g T cut-off for High and Low T samples in Fig B. The left vertical line in

red indicates the Julian day where both P4 and T show sharp elevations.

https://doi.org/10.1371/journal.pone.0179824.g002

Table 3. Mean hormone concentration (ng/g dry feces) and (standard error) by sex and reproductive class for each hormone measured during the

study.

Reproductive Hormones

Sex and Reproductive Class Thyroid (T3) Glucocorticoid (GC) Progesterone Testosterone T3/GC Ratio

Juv F 248.40 (40.06) 610.73 (200.17) 794.40 (268.84)b,k,u,C,J 3.38 (1.14)a,j,v,F 0.69 (.24)a,f

Juv M 229.98 (26.98)a,f 501.03 (158.82) 800.96 (73.99)a,j,t,B,K,O 30.11 (7.84)a-i 0.44 (.05)b,f

Pub F 264.19 (47.49)d,i 955.08 (286.02) 305.90 (95.0)g,q,y,F,H,J-N 3.80 (1.90)h,p,y,D,H 0.70 (.31)d

Pub M 230.99 (29.34)e 1244.21 (310.87) 258.11 (42.15)h,r,z,G,I,O-R 19.32 (6.08)q,A-E 0.71 (.35)

Ad M 167.07 (10.63)a-e 1073.14 (114.92) 579.57 (38.14)I,s,H-I 126.67 (17.73)I,r,u,w,z,E-H 0.32 (.044)e,f

Ad F no-calf 169.97 (14.13) 1004.21 (135.15) 651.83 (68.28)d,m,w,A,D,M,Q 5.12 (1.60)c,l,x,B 0.35 (.057)

LoT Conf 250.78 (35.63)c,h 1127.81 (233.66) 6205.89 (2564.93)g,o,B-G 21.28 (5.78)n,x-z 0.37 (.14)

LoT Upg 252.56 (27.06)b,g,i 1288.23 (228.05) 6618.20 (2014.13)e,n,t-z,A 11.32 (3.2)e,m,s-u 0.82 (0.46)

HiT Conf 218.05 (45.6) 1057.31 (477.75)a 25587.17 (5116.49)a-i 215.34 (42.87)f,t,v,w 1.11 (.42)c,e

HiT Upg 177.1 (26.98) 1787.20 (467.83)a 37425.73 (12819.62)j-s 197.95 (39.7)d,j-r 0.16 (.035)a-d

Lactating 165.02 (24.70)f-i 1094.36 (270.03) 650.12 (84.68)c,l,v,C,L,P 22.71 (13.33)b,k,s,A,G 2.05 (1.59)

Post-Reprod F 199.01 (19.82)j 1039.2 (133.11) 662.30 (66.62)f,p,x,y,E,N,R 7.88 (1.89)c,o,C 0.36 (.068)

Significant differences between means in any two cells within the same column are indicated by the same italicized letter in both cells.

F = female, M = male, Juv = juvenile; Pub = pubescent, Ad = adult, T = testosterone, Conf = confirmed pregnant female by subsequent observation of a live

calf; UPg = unsuccessful pregnancy.

https://doi.org/10.1371/journal.pone.0179824.t003
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Fig 3. A) Mean P4 and T concentrations and B) mean tri-iodothyronine (T3) and glucocorticoid (GC)

concentrations, along with the T3/GC ratio, for Low and High T successful (SPg) and unsuccessful
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However, the initial T3 decline was longer in duration than that observed for the overall popu-

lation, lasting until day 190. T3 concentrations in the pregnant females then increased until

day 250 (Fig 4A), which was near the time when the FRC run reached it back (Fig 1A). While

the pattern was the same in High T successful and unsuccessful pregnancies, T3 in High T

UPg samples remained significantly lower than that in High T successful pregnant females

(p = 0.004), consistent with relatively higher nutritional stress in the High T UPg females (Fig

4A). Change in GC concentrations among pregnancy females were the exact opposite of T3,

showing a steep rise until day 190 followed by a decline until day 250, and significantly higher

in High T UPg compared to High T successfully pregnant females (p< 0.002) throughout this

period (Fig 4B). Change in the T3/GC ratio followed the same pattern as T3, also remaining

significantly higher in HighT successful pregnancies (p< 0.003) (Fig 4C).

4. Discussion

Reproductive failure in response to conditions that jeopardize offspring survival has been

described as an adaptive response if conditions are likely to improve in the foreseeable future.

This environmentally-mediated loss most commonly occurs early in reproduction (conception

and early pregnancy) when the cost of suppression (e.g., lost time and energy; impacts on

maternal health) is relatively low [43,44]. However, failure at later stages of reproduction is

expected when cues indicating poor fetal or neonatal conditions present themselves late in the

reproductive event. The longer the span between conception and birth the more likely later

suppression is to occur. Premature birth is a relatively low risk way to suppress reproduction

because the reproductive failure occurs post-partum with reduced chance of infection. How-

ever, its occurrence should still depend on when harsh conditions present themselves. If fetal

demise occurs or environmental conditions become especially harsh (e.g., risk of sepsis from

starvation induced ketoacidosis during pregnancy; [45]), spontaneous abortion is expected.

Thus, spontaneous abortion, premature birth, still birth, and perinatal and neonatal mortality

are all part of a continuum of reproductive suppression that present with harsh conditions, on

balance with risk of reproductive loss at that stage of reproduction [44,46].

SRKWs have an 18 month gestation period and their nutritional health depends on the rela-

tive timing of multiple, seasonal fish runs (e.g., spring CRC and summer FRC), as well as food

availability in between those periods, each of which vary markedly between years (S1 Fig). The

increasingly common occurrence of SRKW births outside the typical winter calving period

may well be an indication of the increased unpredictability of diminishing fish runs along with

the corresponding high rate of late reproductive loss in SRKWs, including more costly late

spontaneous abortions. The SRKWs had a 69% pregnancy failure rate during our study and an

unprecedented half of those occurred at later stages of reproduction when the energetic cost of

failure and physiological risk to the mother was relatively high. Temporal patterns in T3 and

GC hormone profiles suggest that the SRKWs are experiencing periodic nutritional stress,

partly caused by variation in the relative timing and strength of seasonal FRC and CRC runs

(Fig 1). This nutritional stress is significantly associated with unsuccessful pregnancies in

SRKWs (Figs 3 and 4), impairing the potential for population recovery through low recruit-

ment as well as risk to the health and survival of the limited number of reproductive-age

females.

pregnancies (UPg). Corresponding values for all sex and reproductive classes of SRKWs, including

significant differences between classes, are presented in Table 3. Note: T3 Concentrations are multiplied by 4

in Fig B to scale its concentrations to those of GC in order to present a double Y graph for 3 related metrics,

each with different value ranges. Bars with the same letter are significantly different from each other.

https://doi.org/10.1371/journal.pone.0179824.g003
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Fig 4. A) T3 and B) GC concentrations, along with (C) the T3/GC ratio, by Julian day for High T successful

pregnancies (SPg) versus High T unsuccessful pregnancies (UPg).

https://doi.org/10.1371/journal.pone.0179824.g004
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High T (mid-to-late gestation) females with successful pregnancies in our study had signifi-

cantly higher T3 and lower GC concentrations, as well as a substantially higher T3/GC ratio

over time, compared to High T unsuccessful pregnancies (Figs 3 and 4). This indicates that

successfully pregnant females arrived in the Salish Sea in significantly better nutritional condi-

tion, and remained so compared to UPg females that experienced pregnancy loss some time

after mid-pregnancy. West et al [25] similarly found significantly higher total T3 concentra-

tions among adult females in successful compared to unsuccessful pregnancies at all stages of

gestation among captive dolphins.

Only 4 detected pregnancies between 2011–2013 resulted in live births when Fraser River

Chinook and early spring Columbia River Chinook runs were both exceedingly low. Just one

of those births occurred in 2013, when both FRC and CRC abundances were at their lowest,

and that animal died almost immediately post-partum. By contrast, there were up to 9 early

gestation (Low T) and 5 mid to late gestation (High T) unsuccessful pregnancies detected dur-

ing that same 3 year period, with almost half of these early-term and one of the mid to late

term unsuccessful pregnancies occurring in 2013. That trend reversed in 2014, with relatively

high CRC returns and early onset of FRC returns in 2014 and 2015 (S1 Fig, Appendix) that

was followed by 8 new births between December of 2014 and October 2015; however, up to 6

unsuccessful pregnancies still occurred that year, five of which occurred early in gestation

(Low T Upg).

High T UPg samples were either from late spontaneous abortions (also known as intrauter-

ine fetal demise), or undocumented perinatal or neonatal deaths where the infant disappeared

prior to first observation. The lack of observed perinatal or neonatal deaths when most suc-

cessful births during our study were observed within 2 weeks of parturition (Table 1), led us to

estimate that a substantial portion of the High T UPg samples represented late spontaneous

abortions. Although the negative effect of these later reproductive losses on SRKW population

growth is roughly the same, infection from a failed or incomplete abortion likely poses a

greater risk of removing a reproductive female from the breeding population. At least one

SRKW stranding was confirmed to be a pregnant female with infection from a retained fetus

listed as the cause of maternal death (J32, December 2014).

Reproductive loss among women during the well-documented 1945 Dutch Famine may

exemplify the kinds of impacts expected in response to severe nutritional stress among

SRKWs, since: both humans and SRKWs have relatively long interbirth intervals (gestation

length and extended lactation amenorrhea), starvation was acute and the Dutch Famine out-

comes were not biased by interventions from modern health care [44,47,48]. The Nazis closed

off the borders of Holland between October 1944 and May 1945, causing massive starvation

over a 5–8 month period, with good food conditions before and after. There was a one-third

decline in the expected number of births among confirmed pregnant woman during the

under-nutrition period. Conceptions during the hunger period were very low. However,

women who conceived during the hunger period had higher rates of abortion, premature and

stillbirths, neonatal mortality and malformation. Nutrition had its greatest impact on birth

weight and length for mothers experiencing hunger during their second half of gestation,

when the fetus is growing most rapidly [47].

Many of the unsuccessful pregnancies in our study were based on single genotyped samples,

and it is possible that pregnancy failure rates could be somewhat overestimated. For example,

we cannot rule out that some portion of the singleton Low T samples were actually from post-

ovulatory luteal phase females that did not produce a detectable conception. Some low T sam-

ples could also be from pseudo-pregnancies, although those are rare, have only been reported

in captivity [49], and could be an artifact of captive husbandry where males and females are

housed separately. It is unlikely that any post-ovulatory luteal phase samples were misclassified
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as High T UPg samples because both P4 and T concentrations in the High T samples were all

well above those expected for luteal phase samples (Table 3, Fig 2). Moreover, Robeck et al

[15,16] clearly distinguished luteal phase samples from pregnant samples by 4 weeks of gesta-

tion. This is consistent with our findings from Fig 2, indicating pregnancy detection among

females by 100 days of gestation. Given the above, we consider only a small portion of the 8

singleton, low T UPg samples with P4 above the 2000 ng/g pregnancy threshold to be possibly

misclassified as early abortions. However, the consistency of these patterns on multiple endo-

crine and temporal measures, across years, strengthens the assertion that pregnancy failure is a

major constraint on killer whale population growth, triggered by insufficient prey.

The rise in fecal P4 concentrations that we observed among successful pregnancies was

somewhat delayed compared to that observed in serum from captive killer whales [15]. This

could suggest that our estimated birth dates, and hence our projected conception dates, actu-

ally occurred earlier than expected, increasing the likelihood that some perinatal mortalities

were misclassified as late spontaneous abortions. However, the delayed P4 peak in feces of

pregnant SRKWs compared to Robeck et al [15] most likely resulted from differences in the P4

metabolites measured in feces versus serum. The predominant P4 metabolite measured by our

antibody is 5α-DHP [35]. Using an EIA version of the P4 antibody we used in our study,

Robeck et al [15] found that 5α -DHP did not become the predominant progesterone metabo-

lite in captive killer whale serum until 161–360 days of gestation, and remained secondarily so

from 361 days gestation to term. Fecal progesterone metabolites spiked around mid-pregnancy

in our study, consistent with the time when 5α -DHP predominated in serum [15]. It is also

noteworthy that our testosterone antibody [37,40] followed a similar temporal pattern in

SRKW to that described for captive whales by [16]. That also supports the reliability of our

projected conception dates and occurrences of spontaneous abortion.

Exposure to persistent organic pollutants (POPs)—lipophilic compounds with established

adverse health effects—in response to food stress add yet another cumulative risk of fetal

demise and/or perinatal and neonatal mortality. Lundin et al. [8,50] showed that POPs, namely

PCBs, DDTs, and PBDEs, increase in circulation in SRKWs when Fraser River Chinook abun-

dance is lowest, presumably due to increased fat metabolism in response to nutritional stress.

Mobilization of contaminants into circulation also occurs during the energetic demands of lac-

tation, with an estimated 70–90% lactation transfer of maternal toxicant burden in primipa-

rous females [51]. High POP burden has specifically been associated with disruption of

reproduction success and reduced calf survival in marine mammals [52–55]. Most notably,

Lundin et al. [8] found increased Persistent PCBs, the group of PCBs considered more persis-

tent and more toxic [56], in the female whales classified with UPg’s (73%; 95% CI, 61–85) com-

pared to all other female reproductive groups (range 43–56%). Further evidence in support of

the occurrence of UPg in this population is the unexpected inverse in bioaccumulation of

POPs with age in “nulliparous” mature females (3 of 4 nulliparous whales had an unsuccessful

pregnancy defined by fecal hormone measures). This occurrence is likely explained by toxicant

offloading from an undocumented pregnancy or neonate loss.

Both poor nutrition and increased POP loads have each been demonstrated to suppress T3,

which negatively impacts fetal brain growth [22,57,58]; immunosuppression may also occur,

increasing risk of infection [53,59–61]. Salmon are the Southern Resident killer whales pre-

dominant prey and main source of toxic exposures [62,63]. This relation of reduced food sup-

ply and increased exposure to lipophilic POPs could be similarly impacting coastal Native

American communities that depend on this same seasonal salmon resource and also appear to

be experiencing high rates of reproductive loss [64,65].

Results of the SRKW study strongly suggest that recovering Fraser River (FRC) and Colum-

bia River Chinook (CRC) runs should be among the highest priorities for managers aiming to
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recover this endangered population of killer whales. SRKW are suffering significant reproduc-

tive loss due to lack of Chinook prey and associated effects (e.g., release of lipophilic toxins

into circulation). The FRC run is a major prey source for the SRKW population during sum-

mer and early fall, and appears to be key to providing the needed reserves to carry the whales

through the subsequent winter [6]. The early spring CRC runs likely serve to replenish ener-

getic reserves expended during the previous winter as well as help sustain the whales until the

occurrence of the subsequent late summer peak in the FRC runs. The relative importance of

the early spring Columbia River Chinook run likely became all the more critical to the SRKWs

as historic FRC runs that peaked earlier in summer became depleted from overfishing and

habitat destruction [6]. Other species, including people, also appear to be impacted by these

conditions.

Without steps taken to remedy the situation, we risk losing the endangered SRKW, an

extraordinarily important and iconic species to the Pacific Northwest. Since strengthening rel-

evant Chinook runs should significantly decrease physiological stress and increase pregnancy

success rates in SRKW during the same year that fish runs increase, the physiological indices

used in this study could also provide rapid assessment tools for guiding adaptive management

of SRKW populations. Historical and modern dependence on fish as an essential food source

for coastal communities with limited resources, in conjunction with growing food shortages

and increased risk of toxicant exposure, has international implications.
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S1 Fig. Timing and abundance of Columbia River (orange) and Fraser River (blue) Chi-
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