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The Raincoast Conservation Foundation submits the following comments for the draft EIS 

and the Programmatic draft EIS.  

 

This submission identifies the concern that: 

• NMFS has not conducted adequate analysis to conclude there is a benefit to SRKW 

from the Prey Increase Program, particularly from Puget Sound hatchery production, 

• NMFS has not demonstrated that the PIP is a remedy to the ‘take’ of Chinook in 

SEAK fisheries, 

• NMFS has failed to act on the 50-year decline in size-at-age and age-at-maturity in 

Puget Sound hatchery Chinook.  As such, these young, small fish are not adequate 

prey for SRKW, and they fail to remedy the ‘take’ of SRKW prey in the SEAK Chinook 

fishery. 

 

Raincoast is also concerned that the DEIS and the PDEIS erroneously segregate the federal 

Chinook hatchery Prey Increase Program from the EIS on the SEAK PST fisheries, and the 

remanded 2019 Biological Opinion on SEAK PST Chinook fisheries.  As such, these are 

flawed documents that feed NMFS assumption that the federal Chinook hatchery prey 



 

 

increase program (PIP) is the principal mitigation necessary to avoid jeopardy of SRKW 

regardless of the revisions to the court remanded 2019 Biological Opinion. In preparing two 

separate NEPA analyses for these two actions, NMFS assumes that the Prey Increase 

Program is 1) necessary and 2) effective.   

 

We submit that neither of these have been proven to be the case, as NMFS has not 

conducted adequate analysis to conclude there is a benefit from the Prey Increase 

Program, and worse, the evidence that does exist indicates that very few of the Chinook 

produced in the Puget Sound PIP will be eaten by SRKW. 

 

Purpose and Need 

In the draft PDEIS, NMFS states that the purpose of the proposed action is to “increase 

prey (food) availability for SRKW to help mitigate the effects of declining Chinook salmon 

abundances and PST fisheries. The [increased hatchery production] is needed because 

prey availability is a factor limiting the recovery of SRKW, and PST fisheries continue to 

remove Chinook salmon” that would “otherwise potentially be available as prey (food) in 

times and areas important to SRKW.” This statement illegally presumes that the SEAK PST 

fisheries -that were the subject of the Court-ordered remand- will continue as per the 2019 

renewal of the PST. NMFS should not presume such illegal activity as the basis for the 

purpose and need of the PIP. Rather, any such alleged mitigation action is dependent upon 

first demonstrating in the SEAK fisheries EIS and the associated new BiOp that a) 

mitigation is required in order to avoid jeopardy and/or illegal take, and that b) the PIP  

program is  appropriate and effective mitigation action. 

 

NMFS failure to conduct adequate NEPA Analysis 

NMFS has not conducted the analysis to conclude that increased production of hatchery 

Chinook in Puget Sound aids the recovery of Southern Resident killer whales. To the 

contrary, a growing body of evidence indicates that production of hatchery Chinook is 

harmful to the recovery of ESA-listed wild Chinook which consequently hinders the 



 

 

recovery of endangered killer whales.1  A further concern is the declining size of Puget 

Sound hatchery Chinook to the extent that most hatchery Chinook from Puget Sound are 

below the size of Chinook preferentially selected by SRKW. 

 

As has been well documented, SRKW are highly specialized predators on Chinook salmon. 

This specialization is further targeted to older and larger age and size classes. These 

whales preferentially select Chinook ages four and five years or older with corresponding 

body sizes greater than 29 inches (740 mm fork length;2 table 2, figure 3) and body masses 

greater than 17 lbs.3  Analyses by NMFS’s Dr. Eric Ward show strong preference by SRKW for 

Chinook five years and older (> 800 mm FL, 31.5” ) (figure 3).  

 

Table. 1 The proportion of prey consumed by killer whales within age classes of Chinook salmon 

relative to their abundance in Puget Sound. SRKW disproportionately consume 4 and 5 year old 

Chinook salmon relative to their abundance. Four and five year old fish make up only 15% of the 

Chinook abundance within NOAA’s FRAM model, yet comprise 85% of SRKW diet. Source: Ward 

2011; Ward et al. 20104 

 

 

 
1 See early concern in Hanson et al. 2010. Species and stock identification of prey consumed by 
endangered Southern Resident killer whales in their summer range, Endangered Species Research 69–
82 (2010) 
2 Ford, JKB and GM Ellis. 2006. Selective foraging by fish-eating killer whales Orcinus orca in British Columbia. 
Mar. Ecol. Prog. Ser. 316, 185–199. (doi:10.3354/ meps316185) 
3 Ford and Ellis. 2006. Ibid 
4 Ward, E. 2011. Estimation of age-based selectivity of Chinook salmon by killer whales. Presentation by Eric 
Ward, NOAA Fisheries, Sept. 21, 2011, Seattle, Washington 
 

Chinook 

Age 

Relative abundance of 
Chinook using FRAM 

model 

Hanson/NOAA 
scales relative 

abundance 
(N=112) 

Ford & Ellis/DFO Scales  
Relative abundance 

(N=127) 

2 59 3.6 0.7 

3 25.8 12.5 11.3 

4 13.4 48.2 55.9 

5 1.7 35.7 31.5 



 

 

 

 

Figure 2. Age-based selectivity curve with median and 95% credible intervals from a Bayesian 

model shows the high preference by Southern Resident killer whales for older Chinook salmon. Age 

determined from Chinook scales collected from prey fragments by NOAA and Fisheries & Oceans 

Canada between 2004-2008. Source: Ward et al. 20115 

 

 
5 Ward, E. 2011. Estimation of age-based selectivity of Chinook salmon by killer whales. Presentation by Eric 
Ward, NOAA Fisheries, Sept. 21, 2011, Seattle, Washington 



 

 

 

Figure 3.  Length-based selectivity curve from Bayesian model showing the high preference by 
Southern Resident killer whales for large Chinook salmon. Length data determined from the FRAM 
model’s stock specific length at age. Age determined from scales collected from prey fragments by 
NOAA and Fisheries & Oceans Canada between 2004-2008. Source: Ward 20116 
 

While it might appear logical that hatchery production would alleviate pressure on wild 

salmon and assist whales with food supply, this has not been proven to be the case. Over 

the decades that hatcheries have operated, they have failed to restore the abundance, 

older ages, larger sizes, broad range of migration times, and diversity of wild Chinook 

salmon that Southern Residents evolved to rely on. Instead, there is strong evidence that 

hatcheries are part of the reason wild Chinook have failed to recover. Hatcheries have 

contributed to overfishing of less productive wild and endangered populations7, the 

domesticated genes of hatchery-origin fish have mixed with those of wild populations on 

spawning grounds thereby reducing the reproductive fitness of the population8, and an 

 
6 Ward, E. 2011. Estimation of age-based selectivity of Chinook salmon by killer whales. Presentation by Eric 
Ward, NOAA Fisheries, Sept. 21, 2011, Seattle, Washington 
7 Gayeski, NJ et al. 2018. The failure of wild salmon management: need for a place‐based conceptual 
foundation. Fisheries 43, no. 7: 303-309  
8 Withler, RJ et al. 2013. Overview of Hatchery Chinook Production in Southern BC. Presentation to the 
Southern BC Chinook Strategic Planning Initiative workshop May 23 2013, Richmond BC. Fisheries and 
Oceans Canada. 



 

 

excess of hatchery-origin fish have exacerbated competition with wild fish in food-limited 

environments. All in all, hatcheries and hatchery-origin salmon have perpetuated the 

decline of wild Chinook.9,10,11,12 

 

Further, the average age of returning hatchery fish in the Columbia River is now below the 

age of four, having declined from 4.13 years in the 1970s to 3.75 years today.13 In Puget 

Sound, the average age of a returning hatchery fish is now just under 3 years old with an 

average length of 623 mm (Figure 4, Table 2).  This is a decline from 726 mm in the 1970s 

(Table 2).  More importantly, in the 1970s, 63% of Chinook from Puget Sound hatcheries 

were above the selectivity point (740 mm) of Southern Resident killer whales.  Today, less 

than 20% are above 740 mm, meaning that most hatchery Chinook coming out of Puget 

Sound would not be preferentially consumed by Southern Residents (Figure 4, Table 3).  At 

this lower end of the selectivity curve for the age and size of Chinook targeted by Southern 

Residents, the average hatchery fish would represent an extremely low percentage of their 

diet. 

 
9 Gayeski et al.  2018  
10 Naish, K et al. 2007. An Evaluation of the effects of conservation and fishery enhancement hatcheries on 
wild populations of salmon. Advances Mar. Biol. Volume 53, Pg. 61-194  
11 Hilborn, R. 1992. Hatcheries and the future of salmon in the Northwest. Fisheries, 17(1), 5-8. 
12 Hatchery Scientific Review Group (HSRG). 2014. On the Science of Hatcheries: An updated perspective on 
the role of hatcheries in salmon and steelhead management in the Pacific Northwest. Appleby et al. rev. 
October 2014. 
13 Tipping and Wickersham. 2021. The demise of the kings. https://www.joincca.org/demise-of-the-kings/;  

 

https://www.joincca.org/demise-of-the-kings/


 

 

 

 
Figure 4. A histogram of length (mm) of mature, Puget Sound hatchery-origin Chinook recovered 
from hatchery returns and spawning grounds. Length distributions are presented by decade, and 
the size selectivity preference of Southern Resident Killer Whales (740mm) is indicated by the red 
vertical lines. N = 273, 970. Data Source: Regional Mark Processing Center, Regional Mark 
Information System (RMIS), releases from hatcheries in North, Mid, and South Puget Sound, 1973-
2022.   
 

Table 2. The average length (mm) and standard error of mature, Puget Sound hatchery-origin 
Chinook recovered from hatchery returns and spawning grounds, presented by decade. N = 273, 
970. Data Source: Regional Mark Processing Center, Regional Mark Information System (RMIS), 
releases from hatcheries in North, Mid, and South Puget Sound, 1973-2022. 
 
 
 

 

 

 
 
 
 
 
 
 
 

Decade Mean length of mature Puget 
Sound hatchery Chinook 

(mm) 

Standard error 

1970s 726 2.29 
1980s 663 1.61 
1990s 638 0.969 
2000s 685 0.550 
2010s 642 0.463 
2020s 623 0.745 



 

 

Table 3. The proportion of mature, Puget Sound hatchery-origin Chinook recovered from hatchery 
returns and spawning grounds that have a length greater than 740mm, presented by decade. N = 
273, 970. Data Source: Regional Mark Processing Center, Regional Mark Information System 
(RMIS), releases from hatcheries in North, Mid, and South Puget Sound, 1973-2022. 
 

Decade Proportion of mature Puget Sound 
hatchery Chinook above 740 mm 

1970s 0.627 
1980s 0.449 
1990s 0.358 
2000s 0.449 
2010s 0.295 
2020s 0.197 

 
 
Table 4. The average age and standard error of mature Puget Sound hatchery-origin Chinook 
recovered from hatchery returns and spawning grounds, presented by decade. N = 276, 048. Data 
Source: Regional Mark Processing Center, Regional Mark Information System (RMIS), releases from 
hatcheries in North, Mid, and South Puget Sound, 1973-2022. 
 

Decade  Mean age of mature 
Puget Sound hatchery 
Chinook 

Standard error 

1970 3.24 0.0100 
1980 2.96 0.00831 
1990 3.12 0.00496 
2000 3.23 0.00281 
2010 3.07 0.00245 
2020 2.96 0.00409 

 
 
Many hatchery Chinook are also of the life history type that return in the fall. Nutritional 

stress from limited foraging opportunities in the winter and early spring has been 

postulated as a reason for the poor body condition observed in Southern Residents before 

summer.14  

 

 
14 Stewart JD et al. 2021. Survival of the fattest: linking body condition to prey availability and survivorship of 
killer whales. Ecosphere, 12(8), e03660  



 

 

Hatcheries are Inhibiting the recovery of Wild Chinook salmon 

 

Because fisheries do not harvest all hatchery Chinook they produce and killer whales are 

not selectively foraging for them, the numbers of uncaught hatchery Chinook returning to 

Washington and other areas means these fish stray onto the spawning grounds of wild 

salmon. This drives down the fitness (productivity) of wild populations, further delaying—or 

even preventing—Chinook recovery. Even below the current levels of hatchery production 

in Washington State, the proportion of hatchery origin Chinook (pHOS; percent hatchery 

origin spawners) on wild salmon spawning grounds in most Washington rivers exceeds 

“biologically acceptable” levels recommended by the independent Hatchery Scientific 

Review Group.15 This is especially true in Puget Sound. Increasing Chinook hatchery 

production simply results in further increases in pHOS levels, thereby imposing further 

harm to the productivity of wild Chinook populations. 

 

Continuing to focus on a conjectural hatchery solution as mitigation to the prey problem for 

Southern Resident killer whales that has not proven successful to date, perpetuates the 

shortcomings of unsustainable fisheries management and its consequences for 

threatened and endangered wild Chinook salmon. This approach simply perpetuates a 

model of salmon management that fails to recognize that Chinook diversity and abundance 

is rooted in their strong attachment to, and evolution in, their spawning rivers of origin.16 

Reliance on industrial hatcheries as a tool to address the ecological issues facing SRKW 

and wild Chinook will continue to fail them both.  

 

SEAK troll is an inherently unsustainable mixed stock fishery that harvests immature 

Chinook, a pattern that prevents the recovery of larger, older age classes. 

 

 
15 HSRG 2009, 2015, (proportion of hatchery origin spawners, or pHOS) WDFW Score/Chinook. Appleby et al. 
2014. On the Science of Hatcheries: An updated perspective on the role of hatcheries in salmon and 
steelhead management in the Pacific Northwest. 
16 Gayeski, NJ et al. 2018. The failure of wild salmon management: need for a place‐based conceptual 
foundation. Fisheries 43, no. 7: 303-309 



 

 

Declining abundance of Chinook salmon is exacerbated by a decrease in the predominant 

age-at-maturity and the size-at-age. This means that there are not just fewer Chinook, but 

that there are disproportionately fewer large, old Chinook. Declines in size observed during 

the last 20 to 30 years17, 18,19 are often in addition to declines in size and age documented 

since the 1970s, 1950s and 1920s.20,21 In some cases, weights of Chinook observed in the 

1970s were up to half the average weights from the 1920s, with dominant age classes 

dropping as much as two years and a corresponding decline in presence of old females.22 

 

The SEAK troll fishery is a mixed stock and mixed maturation fishery (primarily on Canadian 

and southern US Chinook) that also harvests immature Chinook. The harvest of immature 

Chinook (not sublegal, but maturing Chinook large enough to be vulnerable to fishing gear), 

can comprise up to  50% of the PST’s AABM catches.23 While changing climate conditions 

can play a role in recent size declines of Chinook,  harvesting fish before they mature can 

induce adaptations that shifts the age structure of the population toward younger, faster 

maturing fish.24 The harvest of immature Chinook occurs because, unlike other salmon 

fisheries, the SEAK Chinook troll fishery occurs on the rearing grounds of immature 

 
17 Ohlberger, J. et al. 2018. Demographic changes in Chinook salmon across the Northeast Pacific Ocean. 
Fish & Fisheries 19(3): 533-546 
18 Lewis, B. et al. 2015. Changes in size and age of Chinook salmon Oncorhynchus tshawytscha returning to 
Alaska. PloS one, 10(6), e013018 
19 Xu, Y et al. 2020. Climate effects on size-at-age and growth rate of Chinook Salmon (Oncorhynchus 
tshawytscha) in the Fraser River, Canada. Fish Oceanogr. 29: 381– 395. 
20 Ricker, WE. 1980. Causes of the decrease in age and size of chinook salmon (Oncorhynchus tshawytscha). 
Can. Tech. Rep. Fish. Aquat. Sci. 944: 25 p. 
21 Ricker, WE. 1981. Changes in the average size and average age of Pacific salmon. Can. J. Fish. Aquat. Sci. 
38: 1636-1656 
22 Ricker, WE. 1980.   
23 The percentage of immature Chinook caught in marine fisheries is poorly quantified, especially in recent 
decades, but earlier studies suggest it ranges based on the time of year and fishing area. Rich (1926) found 
the percentage of immature Columbia River fish in coastal fisheries was highest in May and June (above 50%) 
and declined in the summer and fall (below 50%).  Other qualified descriptions of immature fish in catch have 
used  terms like “large amounts” (see Ricker 1980, Mathews 1997).  Modelling by Gayeski et al. (in review) has 
found that up to 59% of Chinook caught in the AABM fishery are immature. 
24 Ricker, WE. 1980.   



 

 

Chinook, and as a consequence, slower growing and older maturing fish are caught before 

they reach maturity.25,26,27 

 

The younger (and smaller) females that reach the spawning grounds now produce fewer 

and smaller eggs than the older females of the past.28,29 For example, Ohlberger et al. 

documented declines in the female reproductive potential of Yukon River Chinook of 24% -

35% since the 1970s that resulted from a shift to younger, smaller females.30  

 

Recovery of Southern Residents requires restoring not just abundance, but the historic age 

structure of wild Chinook salmon. This is not the goal of hatcheries, nor fisheries 

management. Hatcheries are focused on producing fish for the economic and social 

objectives of fisheries harvest. Solutions to problems of endangered whales, endangered 

Chinook, and declining size and age of Chinook, do not require closing Chinook fisheries, it 

requires moving these fisheries. While not without hardship, relocating Chinook fisheries 

to terminal areas near their rivers of origin is a solution that supports rebuilding and 

recovery, while still allowing fisheries. Relocating Chinook fisheries from west coast 

rearing grounds and migration routes would assist rebuilding of abundance, as well as size 

and age of wild Chinook. Recovering abundance, size and age of Chinook, would further 

recovery of endangered Southern Resident killer whales.  

 

 

 

 
25 Ricker, WE. 1981.  
26Hankin, DG et al. 1993. Evidence for inheritance of age of maturity in Chinook salmon (Oncorhynchus 
tshawytscha). Can. J. Fish. & Aquat. Sci. 50(2): 347-358 
27 Hilborn R et al. 2012. The Effects of Salmon Fisheries on Southern Resident Killer Whales: Final Report of 
the Independent Science Panel. Prepared with the assistance of D.R. Marmorek and A.W. Hall, ESSA 
Technologies Ltd., Vancouver, B.C. for NMFS (Seattle. WA) and Fisheries and Oceans Canada (Vancouver. 
BC). xv + 61 pp. +  
28 Grant, SCH et al. 2019. State of Canadian Pacific Salmon: Responses to Changing Climate and Habitats. 
Can. Tech. Rep. Fish. Aquat. Sci. 3332. ix + 50 p (herein Grant et al. 2019);  
29 Ohlberger J et al. 2018;   
30 Ohlberger J et al. 2020. The reproductive value of large females: consequences of shifts in demographic 
structure for population reproductive potential in Chinook salmon. Can. J. Fish & Aquat. Sci. 77(8): 1292-1301 



 

 

Conclusion 
 
In the 1970s, 63% of hatchery-produced Chinook returning to Puget Sound rivers and 

hatcheries were large enough to meet the size preference (generally upwards of 74 cm) of 

Southern Residents. More than half of the hatchery fish coming back to spawn would have 

been suitable prey for the whales. Today, less than 20% of these spawners are above 74 

cm.  This means most hatchery Chinook coming out of Puget Sound are now too small to 

be desired by Southern Residents, even during spawning migration when the absolute 

largest fish are present.  These young, small fish are not adequate prey for SRKW, and they 

fail to remedy the ‘take’ of SRKW prey in the SEAK PST Chinook fishery. 

 

NMFS has not conducted adequate analysis to conclude there is a benefit to SRKW from 

the Prey Increase Program, particularly from Puget Sound hatchery production. Instead, 

NMFS Prey Increase Program ignores the well documented foraging ecology of Southern 

Resident killer whales that select for larger, older Chinook.  It continues to produce 

hatchery Chinook for the economic and social objectives of fisheries harvest.  The Prey 

Increase Program has not been proven to be appropriate or effective mitigation to remedy 

the take of prey in the SEAK PST Chinook fishery. 

 
 


