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Predation on salmon in marine waters 

• Poorly understood compared to “bottom up” 
processes; major questions unanswered: 
– Who are major predators? 
– When does predation occur? 
– What are predation rates, does it vary between years? 
– Is it size selective? 

• Predation likely ultimate cause of mortality 

• Logistically difficult to study in marine waters 



The Columbia River estuary as a model 
ecosystem for predation on salmon 

• Two piscivorous avian predators: Caspian terns, 
Double-crested cormorants 
– both largely forage within estuary 
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The Columbia River estuary as a model 
ecosystem for predation on salmon 

• Two piscivorous avian predators: Caspian terns, 
Double-crested cormorants 
– both largely forage within estuary 

• Paired estuarine fish assemblage and bird diet 
data over 6 years (2007-2012) 
– common 2 week sampling interval during spring 

• Millions of juvenile salmon concentrated in 
narrow estuary as they migrate to sea 

• Estuary geographically constrained by land 
– closed borders, finite area 
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Terns strongly select for salmonids,  
cormorants do not 
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Research questions 

• Which environmental factors drive fish community structure?  
– Whole season (Apr-Oct), or spring (Apr-Jun) 
– Multivariate and univariate methods 

• What can we expect in the future given expected changes to 
environmental conditions? 

• What insight gained from the estuary can be applied to 
marine environments? 
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Estuarine fish 
assemblage 
data set 

• 35 monthly estimates 
(2007-2012) 

• Biomass and numeric 
data 

• Whole season (Apr-
Oct) and spring (Apr-
June) 



Approach 1: Match environmental data to 
multivariate fish assemblage structure 

Fish assemblage data 
 Using 13 species (>95% 

abundance) 
 Numeric and biomass data 
 Time step: month 
 log transformed 
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Select environmental 
variables that best match 

fish similarity matrix. 
Metric = correlation (r) 

Basin-scale factors 
 Pacific Decadal Oscillation (PDO) 
 N. Pacific Gyre Oscillation (NPGO)  
 N Pacific Index (NPI) 
 Oceanic Niño Index (ONI) 

Local/regional factors 
 Freshwater: river flow & temperature 
 Marine: Sea surface temp (SST), upwelling 

index & anomaly, sea level height (SLH) 

Environmental variables 



Basin-scale factors 
 Pacific Decadal Oscillation (PDO) 
 N. Pacific Gyre Oscillation (NPGO)  
 N Pacific Index (NPI) 
 Oceanic Niño Index (ONI) 

Local/regional factors 
 Freshwater: river flow & temperature 
 Marine: Sea surface temp (SST), upwelling 

index & anomaly, sea level height (SLH) 

Environmental variables 

Approach 2: Principal component regression 
using univariate fish assemblage scores  

MDS 
plot 

Axis 1 scores 

PC Regression 
Regression between fish 

scores and principal 
component(s) 

Envir. Metric: loadings2 * 
partial correlation coefficients  

Principal component 
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Fish assemblage data 
 Using 13 species (>95% 

abundance) 
 Numeric and biomass data 
 Time step: month 
 log transformed 



Results 1: Multivariate analysis 

 
Season 

Fish data 
type 

 
r 

 
Environmental Variables 

Apr-Oct Biomass 0.67 River temperature 

Numeric 0.68 River temperature 

Apr-Jun Biomass 0.48 River temperature 

Numeric 0.49 River temperature 
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Fish data and river temperature both 
have strong seasonal signal 

River temperature Fish assemblage MDS 

What happens if river temperature 
is removed from analysis? 



Results 1: Multivariate analysis without river 
temperature 

 
Season 

Fish data 
type 

 
r 

 
Environmental Variables 

Apr-Oct Biomass 0.36 River flow 

Numeric 0.32 River flow 

Apr-Jun 
 

Biomass 0.37 River flow, upwelling anomaly, 
Sea level height (SLH) 

Numeric 0.37 Upwelling anomaly & index, 
Sea level height (SLH) 



Results 2: Principal component regression with 
univariate fish assemblage scores--best models 

April-October 
Biomass: PC1 
Numeric: PC1 

April-June 
Biomass: PC2 & PC3 
Numeric: PC2 & PC3 



Environmental influence on the 
estuarine fish assemblage 

Environment 

Fish assemblage 

Local/regional factors 
• river temp. 

• river flow 
• SST 
• Upwelling 
• Sea level height 
• tidal range 

Environment 

Basin-scale factors 
• PDO 
• NPGO 
• ONI 
• NPI 

 

Environmental influence varies by: 
• seasonal time scale (Apr-Oct vs. Apr-June) 
• type of analysis (multivariate vs. univariate) 
• less so by data type (numeric vs. biomass) 



What about the future? 
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What about the future? 

Environment 

Local/regional factors 
     river temp. 

 river flow 
 SST 
  

N. Anchovy 

Pacific herring 

Fish assemblage 

Juvenile salmon 

Predators 

Cormorant 

Tern 

Future scenario 



Summary  

• No single environmental factor explains most of the variation 
in the Columbia River estuary fish assemblage 
– A variety of local and basin-scale factors important 

• All related to temperature (river & SST), river flow, and upwelling 

– Very different than strong relationship between PDO and Columbia 
salmon survival or abundance 

• Future conditions (↑ temps, ↓ flow) will likely increase 
forage fish in the estuary 
– Different responses by salmon generalists and specialists (?) 
– Conditions that benefit forage fish might depress salmon survival 



Insight for salmon marine ecology  

• The key to understanding predation on salmon is 
understanding alternative prey  
– Conditions that influence alternative prey will likely alter 

predation on salmon 

– Salmon may be directly influenced by same forces 

– Even “salmon specialists” (Caspian terns) mainly consume 

non-salmonid prey 

• Current (let alone future) understanding of alternative 
prey dynamics is poor 
– Very little known about basic biology of most forage species 

• abundance, distribution, recruitment dynamics, habitat requirements 

– Can’t predict the future if we don’t understand the present 

• Can’t expect to fully understand salmon nearshore 
dynamics if looking at salmon in isolation! 



Questions? 


