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Both presentations identify the need to establish 

international teams of researchers to focus on 

solving the major issues relating to the 

stewardship of hatchery and wild Pacific salmon 

in their changing ecosystems.

This is Part 2 of a presentation I gave at the Japan 

Fisheries Society meeting in Tokyo in March 2018.



The message from both presentations is that 

the information needed to manage future  

Pacific salmon production is best obtained 
through  international, cooperative research.



In the first part of this presentation, in Japan, I 

proposed that there are common mechanisms 

that regulate all Pacific salmon. 

I used the example of major trends in Pacific 

salmon production to propose that the trends 

probably result from similar mechanisms

because the trends occur for different species in 

different ecosystems.



This second presentation is a focus on 

hatcheries because they are a major contributor 

to the total production of Pacific salmon and 

most likely will become even more important…

…yet they receive very little attention in our 

science and may even be portrayed as an 

unwanted intrusion into the production of wild 
salmon.



For this presentation I am going to review 

one example from the first presentation.



Total returns of Sockeye salmon to the Fraser River 

1952-2016



Terms of Reference for the Commission of Inquiry 

into the Decline of Sockeye Salmon in the Fraser 

River

“…Therefore, Her Excellency the Governor General in 

Council, on the recommendation of the Prime Minister, hereby

directs that a Commission do issue under Part I of the 

Inquiries Act and under the Great Seal of Canada appointing 

the Honourable Bruce Cohen as Commissioner to conduct an 

inquiry into the decline of sockeye salmon in the Fraser River 

(the “Inquiry”)…”



No Smoking Gun

“Some, I suspect, hoped that our work would find the smoking 

gun - a single cause that explained the two-decade decline in 

productivity”



There is a recent unpublished study by Lyse Godbout at the Pacific Biological 

Station in Nanaimo that is a clue to what caused the very poor return in 2009 

and the exceptionally large return in 2010. She found that the juveniles that 

produced the very poor return had very poor growth in the early marine period 

in the Strait of Georgia, while the juveniles that produced the very good return 

in 2010 had significantly greater growth in the early marine period. This is not 

an explanation of the trends, but it is evidence that individuals that have very 

good survival also have very good growth in the first four to six weeks in the 

ocean.



Summary

The mechanisms that cause the increasing and 

decreasing abundance trends remain to be 

discovered, but the otolith daily growth study 

shows that the amount of growth in the early 

marine period is important.





Expected Warming of the Bering Sea 

(~ 2°C  2000-2075)
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There are proposals to use a resilience 

approach to manage wild populations in 

these changing ecosystems, which would 

focus on maintaining more population 

diversity when managing fisheries. 

I propose that the same approach is needed 

for hatchery production.



Hatchery production generally is considered to 

be a technology-based effort. 

It now should be considered to be a resilience-

based approach.  



Holling considered that resilience is the ability 

to absorb change. 

I am using the term resilience as the ability to 

respond to change. 



Pink, chum and sockeye salmon produced in 

hatcheries represented about 28% of the 

average total adult biomass of these three 

species from 1990-2015.

The percentage becomes 40% if the biomass 

includes immature fish.

Ruggerone and Irvine, 2018. Numbers and biomass of natural and hatchery-origin pink 

salmon, chum salmon and sockeye salmon in the North Pacific Ocean, 1925-2015. Mar. 

Coast. Fish. 10: 1-17.





North Pacific commercial catch of chum 
salmon by country 1925-2017

Source: NPAFC Statistical Yearbook (2017 Japan & Russia catches are preliminary)



Shuntov, V.P., O.A. Ivanov and E.P. Dulepova

Have a paper in review that summarizes the 

biological information collected from extensive 

scientific surveys by TINRO-Center that started in 

the 1980s 



Using the extensive nekton data and over 

300,000 stomach analyses, they concluded that

• Competition for food is not the most important 

factor limiting the abundance of juvenile Pacific 

salmon in the Sea of Okhotsk because there is 

no evidence of acute food shortages,

• They also found no evidence of trophic 

cascades.



I think the Russian studies in the Sea of Okhotsk 

indicate that the declining trend in Japanese 

chum salmon production results from food 

shortages in the early marine period. 

Even the juveniles that make it to the Sea of 

Okhotsk may not survive as well as the Russian 

juvenile chum salmon.







Chum     7.3M Average

Sockeye   6.4M Average

Pink       6.5M Average  

Coho    4.6M Average

Chinook   2.3M Average

2005



British Columbia Pacific salmon commercial catch 

1925-2014



What went wrong!

-There is evidence that the carrying capacity 

was able to produce more salmon as confirmed 

by the recent historic high catches.

-It is probable that the capacity to support 

juveniles in the early marine period changed 

and both hatchery and wild fish had higher 

mortalities in the early marine period.



I am proposing a resilience-based hatchery 

production process that I would call Adaptive 

Hatchery Production and this would be 

continuously experimental. 



Hatchery production could change from 

producing large numbers of fish with 

homogeneous life histories to numerically 

smaller numbers but more diverse life histories. 

Hatchery production becomes a series of 

experiments making production more difficult, 

but more reliable as it is the hatchery equivalent 

of the portfolio effect. 



Adaptive hatchery production is more than 

releasing a suite of populations at different 

times as the approach is to ultimately 

understand the mechanisms that regulate the 

production and then identify populations that 

are best adapted to the ocean environment. 



Being adaptive with hatchery production requires 

understanding fundamental mechanisms that 

regulate survival in the ocean.



An individual that grows faster by maximizing 

energy used for growth, survives better 

because it can be larger and reduce predation 

threats, and because metabolism is changed 

to store more lipids when it exceeds a  

genetically determined threshold at a 

genetically determined time in development. 



Those not exceeding the threshold, may not 

alter their metabolism to store more lipids but 

may continue to grow. 

These fish may be of similar size in the late fall, 

but they will have a lower energy density. 

These fish could be considered as “dead fish 

swimming”.



Critical sizes, metabolic thresholds, 

decision windows and similar concepts 

relating to the control of fish production are 

a commonly recognized mechanisms as 

indicated by the list of about 75 papers.



Size Thresholds and Critical Periods
Thorpe 1977 Kadri et al. 1995 Hillgraber and Zimmerman 2009

Oliver et al. 1979 Post and Lee 1996 Moss et al. 2009

Bailey et al. 1980 Roff 1996 Satterthawaite et al. 2009

Herbinger and Newkirk 1980 Roff 1996 Satterthwaite et al. 2009

Shater et al. 1980 Garrison 1997 Beakes et al. 2010

Saunders et al. 1982 Hopkins and Unwin 1997 Duffy and Beauchamp 2011

Thorpe et al. 1982 Schultz and Conover 1997 Farley et al. 2011

Policansky 1983 Silverstein et al. 1997 Buoro et al. 2012  

Deegan 1986 Hurst and Conover 1998 Hayes et al. 2012

Post and Evans 1989 Schultz et al. 1998 Heintz and Vollenweider 2012

Rowe and Thorpe 1990 Silverstein et al. 1998 Siddon et al. 2012

Rowe and Thorpe 1990 Thorpe et al. 1998 a, b Heintz et al. 2013

Rowe et al. 1991 Waterland and Garza 1999 Sahashi and Morita 2013

Thompson et al. 1991 Shearer and Swanson 2000 Doetor et al. 2014

Thorpe 1991 Sogard and Olla  2000 Fang et al. 2014

Metcalfe and Thorpe 1992 Sutton et al. 2000 Sloat et al. 2014

Simpson 1992 Beamish and Mahnken 2001 Sloat and Reeves 2014

Simpson 1992 Post and Parkinson 2001 Fuiman and Perez 2015

Thorpe et al. 1992 Campell et al. 2003 Kendall et al 2015

Hankin et al. 1993 Biro et al. 2004 Beamish and Neville 2016

Mangel 1994 Vagner et al. 2007 Wechter et al. 2016

Thorpe 1994 van Dears et al. 2007 Tarpey et al. 2017

Thorpe 1994 Piché et al. 2008

Bergland 1995 Wolfshaar et al. 2008



Silverstein et al. 1998. Effects of growth and fatness in sexual 

development of Chinook salmon. Canadian Journal of Fisheries 

and Aquatic Sciences 55:2376-2382.

Two critical periods have been hypothesized to occur 

along the pathway leading to gonadal development 

and sexual maturity for salmon. These critical periods 

are proposed to be set by environmental cues. At 

these critical periods, individuals evaluate their 

development potential in terms of growth rate, size or 

stored energy or some combination of factors.



Shearer, K.D., and P. Swanson. 2000. The effect of whole 

body lipid on early sexual maturation of 1+ age male chinook 

salmon. Aquaculture 190:343-367.

“We speculate that a metabolic hormone may 

be a critical signal to the reproductive system 

that there are sufficient energy reserves or that 

growth rate is sufficient to initiate maturation for 

the subsequent years.”



Summary

My guess is that the principal mechanism that 

regulates hatchery and wild salmon production 

is the requirement to grow faster, quicker, 

when first entering the ocean. 

There are other factors affecting production, 

but this is the most important.



What we  should do

• International symposium on “Adaptive 

Hatchery Production”

• This would be a privately funded symposium 

that would focus on applying an understanding 

of the mechanisms that regulate Pacific 

salmon abundance and the recognition that 

future hatchery production needs to be 

adaptive



The International Year of the Salmon can be 

used to publicize the problems in salmon 

stewardship, but it will be the willingness of 

the researchers to work together as 

international teams that will be the true 

contribution of IYS.



General Summary

• It may be easier to study the very successful 
populations because they are much fewer and 
more focused

END


