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Why study diet? – It’s important!
 Provide a better understanding of predator-prey interactions

 levels of connectivity
 prey distributions

 Fill in data gaps on food webs

 Valuable in Ecosystem-Based Fisheries Management (EBFM)

Alex Mustard



How is diet assessed?
 Gut Content Analysis 

 identify/enumerate prey items found in stomach
 “snapshot”

 Stable Isotope Analysis
 analyze a tissue sample 

 13C  (source of primary production)
 15N  (trophic level)

 long-term, integrated

Complementary methods 
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Lingcod
 ecologically & economically  

important

 quick to mature and grow

 sexually dimorphic

 ontogenetic shifts

wikipedia



Results from previous lingcod diet studies:

Washington

Oregon

California

Rockfishes, sculpins, 
greenlings, Pacific 
sand lance

Pacific herring, Pacific 
sand lance, shrimps, 
octopuses

Octopuses, rockfishes, 
anchovies, flatfishes

Beaudreau & Essington 2007

Tinus 2012

Anderson 2016
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Could other factors be attributing 
to differences in lingcod diets?

 Location

Sex

Size (i.e. length)

Environmental 
factors (i.e. depth)



Field Methods
 Summer 2016, May 2017

19 ports, 6 regions 

Hook & Line 

Party Boats (CPFVs)

Goal: 100 Lingcod/port



Dissections
& 

Lab Work



Dietary Metrics

 %N – abundance by number

 %W – abundance by weight

 %PN – prey-specific abundance by number

 %PW – prey-specific abundance by weight

 %O – frequency of occurrence

 %PSIRI – prey-specific index of relative importance



Results – collections & gut contents



Peter MierasKohaku-river.net

~84%

Describing diet using %PSIRI



Gut Content Analysis: 
PERMANOVA highlights depth, region, sex



Differences in diet by depth
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Principal Component Analysis (PCA)

Differences in diet by region



Differences in diet by sex

(abundance by number)



Stable Isotope Analysis



Stable Isotope Analysis:
Generalized Linear Models (GLMs) highlight 

region, depth, sex, length



Differences in stable isotopes by region

Alaska & Conception were more 
heavily influenced by pelagic 
carbon sources

Nitrogen stable isotope 
values increased from 
North to South

Carbon Nitrogen

pelagic



Larger lingcod caught at deeper depths 
eat higher trophic level prey 

LengthDepth



Female lingcod eat at higher trophic levels

Region



Previous Studies

Washington

Oregon

California

Alaska

Vancouver

Columbia

Eureka

Monterey

Conception

My Study
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Feeding Strategies

FCB Lab

 Generalists and Opportunists

 Sampled during an El Niño 
 Pelagic Red Crabs

 Changing oceans,                  
...changing diets

Tavish Campbell



Recommendations for future studies:

 Narrower 
sampling period, 
more locations

 Directed prey 
collections
 Prey mixing 

model
 Isotope 

baseline to 
standardize 
across 
isoscapes

Monterey Bay Aquarium



Take Home Messages
 Lingcod consume a wide variety of prey

 Primarily fishes, then octopuses

 Generalists & Opportunists

 Geographic and ontogenetic variations in diet

 Important variables:
 depth, region, sex, length

 Ecosystem-Based Fisheries Management 
 Filled in data gaps

Discussion
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Questions?

FCB Lab



Auxiliary Studies 
 Longo et al. 2020 - Genetics

 Lam et al. 2021 – Age & Growth

 Galloway et al. 2021 – Blue & Fatty Acids

 Wood et al. 2021 – Blue & Parasites

***More papers in prep!***

 Diet data contribution to                          
California Current Trophic Database (CCTD) 
https://oceanview.pfeg.noaa.gov/cctd/
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