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N  =  # eggs  x  egg-to-adult survival
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Ohlberger et al. (2018)

Bo
dy

 si
ze

 (m
m

)



Research questions
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Has fecundity of hatchery Chinook 
salmon in Washington State changed 
over the past three decades?

If so, to what extent are fecundity trends 
shaped by changes in body size?
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Fecundity
Stocks = 43
Years = 1995—2019
!N = 23 years

Body size
Stocks = 18
Years = 1995—2019
!N = 25 years

Run timing
Spring (15)
Summer (5)
Fall (23)(16)
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Fecundity
Stocks = 43
Years = 1995—2019
!N = 23 years

Body size
Stocks = 18
Years = 1995—2019
!N = 25 years

Mean = 4,274



Modeling methods
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1. Estimate stock-specific fecundity trends

2. Estimate common fecundity & size trends

3. Estimate size effects on fecundity



1. Estimating stock-specific fecundity trends
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yt=	xt+	vt vt~	N(0,	σv2)

xt=	xt-1+	wt wt~	N(0,	σw2)

Observation equation

State equation

Fecundity

Latent trend



2. Estimating common fecundity & size trends
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= +  NoiseZ x

Dynamic Factor Analysis (DFA)

Fecundity time series



3. Estimating size effects on fecundity
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yi,t=	αi+	βiLi,t+	et	 et	~	N(0,	σ2)

Fecundity Length

µβ σβ2



Fecundity trends: stock-specific
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Fecundity trends: stock-specific
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Fecundity trends: stock-specific
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Fecundity trends: stock-specific
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Fecundity trends: common
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LoadingsCommon trend

65% of stocks have a 
significant loading



Fecundity trends: common
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LoadingsCommon trend



Fecundity trends: common
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LoadingsCommon trend



Fecundity trends: common
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LoadingsCommon trend



Fecundity trends: common
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LoadingsCommon trend864 average egg decline for 2009—2017
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Skagit

21% decline = 1,477 eggs / female

~9 million eggs total

6,903

5,425



Research questions
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Has fecundity of hatchery Chinook 
salmon in Washington State changed 
over the past three decades?

If so, to what extent are fecundity trends 
shaped by changes in body size?



Size trends: common
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31 mm decline

45 mm decline

34 mm decline

2009—2017 average



Size effects on fecundity
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R2 = 0.62

Slope = 7.8 eggs / mm
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1. Widespread declines in fecundity 2. Single common trend

3. Size declines over the same period 4. Fecundity strongly related to size
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Fecundity of Chinook salmon has declined, 
largely due to changes in body size

Declines in fecundity have implications:

1. Fewer eggs spawned may reduce population 
productivity and the ability to recover 
depressed populations

2. Egg takes for hatchery operations could be 
constrained, increasing the potential for inter-
hatchery egg transfers



27

Malick et al. (2023) Fish and Fisheries  10.1111/faf.12738


