
Alternative perspectives on 
declines in Pacific salmon body 
size
Cameron Freshwater
Pacific Biological Station
Fisheries and Oceans Canada
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Barneche et al. 2018

Large fish are more productive than small fish
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More than one way to shrink a fish…

Maturation/ 
Recruitment 
Age
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More than one way to shrink a fish…

Maturation/ 
Recruitment 
Age

Size-at-Age
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Selective 
Harvest 

Natural 
Mortality

Environmental 
Conditions

Competition

Management 
Practices

Ecological-evolutionary drivers of growth and 
maturity
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Qualitative 
Case Study 1

What ecological 
traits covary with 
Chinook salmon 
age-at-maturity?
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● Explored coherent patterns in 

mean age-at-maturity among 
Chinook salmon indicator 
stocks (1976-2015)
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● Explored coherent patterns in 

mean age at maturity among 
Chinook salmon indicator 
stocks (1976-2015)

● Maturation age is an output 
from CTC exploitation rate 
analysis
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● Explored coherent patterns in 

mean age at maturity among 
Chinook salmon indicator 
stocks (1976-2015)

● Maturation age is an output 
from CTC exploitation rate 
analysis

● Trends covaried with juvenile 
life history strategy and ocean 
entry location, not maturation 
distribution
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Shared trends differed among yearling and subyearling life history strategies
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ye Magnitude of declines and probability of regime shift greatest for subyearling 
life history types; timing of declines was variable
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Four of five stock groups have below average age-at-maturity in recent years

Declines in BC/WA/OR stocks greater than previously considered likely due to 
changes in hatchery releases, sampling and harvest rates 



Declining 
harvest rates

Increasing marine 
mammal 

abundance

Minimal overlap 
with abundant 

species
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Difficult to 
assess

Size at 
release 
stable



Qualitative 
Case Study 2

Do long time series 
change our 
perception of trends 
in sockeye salmon 
size-at-age?
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● Historical samples recovered by 

Skip McKinnell, combined with 
contemporary samples 

● Charles Gilbert began sockeye 
salmon sampling program in 
1915

● Spans periods with extensive 
exploitation and multiple 
environmental regimes

● Analysis accounted for gappy 
time series and changes in the 
timing/selectivity of sampling
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● Divergent patterns among ocean age classes disappear early in time series
● Multiple stanzas of decline that have accelerated since ~2000
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● Declines in size have 

likely resulted in impacts 
to fecundity

● Underestimates total 
impact on productivity 
because egg mass 
effects excluded

● Consequences for 
escapement goals
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● Limited number of covariate time series available
● Significant PDO and density dependent effects
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However considerable 
residual variability 
emphasizes modest 
predictive power of these 
covariates



High exploitation 
historically, 
recently low

Predation rates 
unquantified

Declines preceded 
large increases in 

abundance
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Difficult to 
assess

Improved fish 
passage & 
capacity





Tidal wave of fantastic quantitative papers on salmon 
dynamics → challenge is weighting relative importance 
of different drivers



Are current analytical 
frameworks sufficient 

for management needs? 



If not, marine-centric life cycle models accounting for 
interacting effects of environmental conditions, harvest 
rates, and predation on growth, maturation, and survival 
could be developed



If not, marine-centric life cycle models accounting for 
interacting effects of environmental conditions, harvest 
rates, and predation on growth, maturation, and survival 
could be developed



● Ideally account for non-stationarity, cyclical 
patterns in size/age, and heterogeneous 
distributions

● Models for ecological inference should inform 
assessments and guide management advice 
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