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Take home messages
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• the ocean is getting warmer and until 2015 there were more salmon 

than at any other point in previous 90 years

• a warming ocean, and increasing salmon competitors, interact to 

reduce Sockeye survival in the south 

• in the north a warming ocean improves survival, which along with life 

history diversity, buffers Sockeye from negative effects of competition 

(for now!)

• maintaining life history diversity, and reducing the number of salmon 

released into the ocean may help Sockeye adapt to an uncertain 

future
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Ocean conditions can have a profound 

effect on the distribution, growth, 

maturation and survival of salmon 

• In the “south” a warming ocean tends 

to lead to reduced survival

• In the “north” a warming ocean tends 

to lead to increased survival    

The Eastern North Pacific is getting warmer

Sea-surface temperature anomalies (Spring 2015)

e.g., Mueter et al. 2002, Su et al. 2004, Malick et al. 2016



Eggers and Irvine 2007, Ruggerone and Connors 2015, Ruggerone and Irvine. 2018

Until recently, there were more salmon in the 
ocean than at anytime in previous 90 years 

• Numerically dominated by pink 

salmon

• ~40% of biomass is from 

hatcheries (mostly Asian and 

Alaskan)

• Competition among these 

salmon for food can lead to 

fewer, older, and smaller salmon
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How does a warming ocean, and increasing 

competition with other salmon, interact to 

determine the survival of Sockeye Salmon 

across their range, and how does life 

history diversity mediate this?
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• 46 stocks 

• BY = 1950-2007

• Max years = 58

• Min years = 23

• 21 age groups (0.1 to 4.3)

The data: Sockeye
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400 km

The data: byr specific ocean climate index 
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Ruggerone and Irvine. 2018

The data: byr specific competitor index 



The test: Bayesian hierarchical models

• Relate Sockeye productivity to climate, competitors and 
interaction between the two

• Stocks within each of three “ocean regions” share 
common effects 

• Treats individual stocks as replicates within the 
analysis

• Inference based on magnitude, direction and 
uncertainty of standardized effect of covariates
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Results
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Results: summary of hierarchical modelling

• warming ocean = reduced survival for WC stocks, 
increased survival for GoA and BS (effect is 2x greater 
for BS than other stocks)

• increasing competitors = reduced survival for WC
stocks, and possibly GoA , but not BS

• as ocean warms negative effect of competition on 
survival becomes stronger for WC and to lesser extent 
GoA, but not BS
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Variation in smolt age 

(1 vs 2 yr olds; %)

100:0 50:50

Does variation in age at ocean 

entry (smolt age) mediate 

effects of competition? 

75:25
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Empirical data: Does variation in smolt age mediate 

effects of competition? 
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Thanks
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