
Modelling diet shifts in a pelagic predator – albacore tuna – in relation to 

forage community composition and prey trait information from 2005–2019.
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Shifts in distributions projected for 15 highly migratory, top 
predators in the California Current System

Hazen et al. (2012) Nature Climate Change



Northward and offshore shift observed in fishing effort for 
albacore tuna

Frawley et al. 
(2020) 
Fish & 

Fisheries

(Thunnus 
alalunga)



Morley et al. (2018) PLOSOne

Projected shifts in 
distributions for 303 
west coast forage 
species by 2100 (Jul-Sep) 

RCP 2.6 RCP 8.5

Uncertainty
Low à Med à High

Shifts are projected in thermal habitat and distributions for 
over 303 west coast forage species

There is a knowledge gap in understanding how changing 
productivity and distribution of key forage taxa affects that 

of albacore tunas.



Large biodiversity of predator-prey interactions identified 
for albacore tuna

Hardy	et	al.	(In	Prep)	
Fish	&	Fisheries

Over 300 species identified + ~240 higher taxonomic level
Typically modelled with the most abundant prey species…

There is a need to model change in complex ecological 
communities using generalisable traits.
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Lindardich, Brookson, Green (2021), Green et al. (2019), Green & Côté (2014)

Functional trait information mediate predation processes



Modelling predator-prey interactions with species 
functional trait information

Trait	modules	include	58	traits	for	>	500	species	of	SPF:
1. Habitat	use,	aggregation	&	predator	avoidance	behavior

2. Morphological	metrics
3. Nutritional	composition

Gleiber et	al.	(2022)	Dataverse +	(In	Prep)	Scientific	Data

To simplify diverse predator-prey interactions and 
generalise across ecosystems

+ + + +



Research question
How does albacore diet composition shift ~

Ø Forage community composition
Ø And prey trait information

ØRegions of the CCLME and years sampled



Diet and forage community composition across years
Survey Composition Diet Composition Fish
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Diet and forage community composition differences and overlap

Results
ØSignificant difference 

in composition of 
samples from 
different resource 
users – diet vs. 
survey.

ØAnd to a lesser 
extent between 
regions of the 
CCLME.

N	=	605	
N	=	836
N	=	22
N	=	90

N	=	61
N	=	24

Total	N	=	112

Total	N	=	85

Total	N	=	1441



Diet and forage community composition differences and overlap

ØExplanatory species 
consistent.

ØBroad albacore diet, with 
areas of overlap for some 
systematically surveyed 
species



Trait-based relationships explain diet composition
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c) Nutritional Composition

Methods
ØCombined RLQ (ordination-based) and 4th corner (model-based) frameworks for 

community and multi-matrix modelling



Trait-based relationships explain diet composition
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c) Nutritional Composition

Results
ØTraits mediate variance in albacore diet and survey sample composition
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c) Nutritional Composition

Results
ØTraits mediate variance in albacore diet and survey sample composition

ØTo a lesser extent year



Trait-based relationships explain diet composition
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c) Nutritional Composition

Results
ØTraits mediate variance in albacore diet and survey sample composition

ØTo a lesser extent year and region



Indicator species and traits

Key Taxa Key Traits

Saury
Anchovy
Sardine

Chub & jack mackerels
Boreal clubhook squid

Pelagic octopoteuthid & 
Gonatid squids

Octopoda
Armhook squid (N)

Rockfishes
Hake

Market squid
Myctophids

Barracudinas

Albacore diet 
composition

Forage 
community 
composition

Energy density

Silvered & 
Countershaded Colouration

Undefended

Coastal epipelagics
Offshore mesopelagics

Non-diel migrants

à

Shelf & demersal taxa
Epipelagics

Protein & lipid content



Albacore diet 
shifts à

Environmental variables

SST Chl-a

BEUTI PDO

Species Key 
Traits +

+ (1|year 2005–2019)

+

Region 
CCLME

Next Steps

Modelling diet shifts using GAMM



Take Aways

ØBroad sampling albacore compared to surveys
ØNeed to preserve these systematic surveys à insight 

on predator prey interactions.
ØAlso need systematic sampling of key traits, growth 

and maintenance of species trait information 
databases

Ø Importance of energy density

Albacore diet 
composition

Forage 
community 
composition



Session 4, Sala 1@ 12pm
Alana Krug-McLeod à

Effect of climate state on 
variation in nutritional value 

for small pelagic species 



Lenfest Ocean Program 
Webinar à

Dec. 1, 11am PT, 7pm GMT





Thank you


