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Predation: important source of mortality for marine fishes

• shapes size and age structures

• impacts recruitment and survival

Georges Bank BalsfjordenS. Benguela

North Sea Barents SeaE. Bering Sea

Bax 1991

mortality due to predation by other fish

> larval and early juvenile stages
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Walleye Pollock (Gadus chalcogrammus)
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Unexplained
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84% mortality

due to predation 
by fish

8%  Marine Mammals
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Research Questions
1) How does predation intensity change through time and space?
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Research Questions
1) How does predation intensity change through time and space?

2) How stable is the demersal food web in the Gulf of Alaska?
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in time and space?
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1) How does predation intensity vary 
in time and space?

total
predator biomass
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1) How does predation intensity vary 
in time and space?
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Research Question

1) How does predation intensity vary 
in time and space?

* * * *
proportions of 

pollock consumed
ages of pollock
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relative

predator density
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mean
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KG



pollock consumed per year and area (MT) =

Kitchell et al. 1977
Hanson et al. 1997
Harvey 2009
Holsman and Aydin 2015
Holsman et al. 2019

* * * *
proportions of 

pollock consumed
ages of pollock

consumed

Barbeaux et al. 2017
Dorn et al. 2017
Hanselman et al. 2017
Spies et al. 2017
Stewart and Hicks 2017

- Resource Ecology and Ecosystem Modeling Program
Alaska Fisheries Science Center, NOAA

Livingston et al. 2017

- Resource Assessment and Conservation Engineering Division
- Marine Ecology and Stock Assessment Program

Alaska Fisheries Science Center, NOAA

- International Pacific Halibut Commission
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in time and space?
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Research Questions
1) How does predation intensity change through time and space?

2) How stable is the demersal food web in the Gulf of Alaska?
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synchrony

diversity ∝ stability
Wits University Coral Reef AllianceMarket Watch
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the portfolio effect
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variance in total consumption

sum of predator-specific variances
synchrony =

portfolio effect = 1  - synchrony

Spatial Scales:
Time Series: 1990 to 2015

- Basin
- Pollock Stock Assessment Area
- Subregion
- INPFC Statistical Area 
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• intense and highly-variable predation

• Arrowtooth Flounder = dominant predator

• synchronous consumption dynamics
− increased through time

• dep. on scale/location

Ecological Inferences
• trophic instability in the Gulf of Alaska
• spatial heterogeneity: buffer

Adapted from Oken et al. 2016

Potential for Top-Down Control

+
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• trophic instability in the Gulf of Alaska

• strong top-down control over pollock

- spatial heterogeneity: buffer
e.g., Thorson et al. 2018

  

Ecological Inferences

Adapted from Oken et al. 2016

Potential for Top-Down Control

Predator Diversity
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• intense and highly-variable predation

• Arrowtooth Flounder = dominant predator

• synchronous consumption dynamics
− increased through time

• dep. on scale/location
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Development of a predation index to assess
trophic stability in the Gulf of Alaska

Applications

- temporal variation in portfolio effects

Zador and Yasumiishi 2018

GOA: Ecosystem Status Report



Development of a predation index to assess
trophic stability in the Gulf of Alaska

Applications

GOA: Ecosystem and Socioeconomic Profile (ESP)
- appendix to SAFE Report

Martin Dorn
AFSC, NOAA

- modifier for constant natural mortality

- spatially-explicit, time-varying, age-
specific estimates of predation



“gross caricatures of complex natural systems” – Nicholas J. Bax 1991
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“gross caricatures of complex natural systems” – Bax 1991



Committee & Co-Authors
Anne Beaudreau
Lorenzo Ciannelli
Martin Dorn
Kirstin Holsman
Mary Hunsicker
Franz Mueter
Terry Quinn
Richard Yamada

UAF
Coastal Fisheries Ecology Lab
Jordan Watson

Acknowledgments

Funding:

Data provided by:

RASMUSON 
FISHERIES 

RESEARCH 
CENTER

N. Gulf of Alaska Applied Research Award (2018, 2019)

AFSC, NOAA
Kerim Aydin
Steve Barbeaux
Dana Hanselman
Geoff Lang
Wayne Palsson
Nancy Roberson
Mark Zimmerman

IPHC
Ian Stewart
Thomas Kong

Fish Art
Nick Ingram

Cheryl L. Barnes
CFOS, University of Alaska Fairbanks

cheryl.barnes@alaska.edu
https://github.com/cheryl-barnes/



Gulf of Alaska Food Web

Aydin et al. 2007



Aydin et al. 2007

Top down control in the Gulf of Alaska



Arrowtooth Flounder - Spies et al. 2017
Walleye Pollock - Dorn et al. 2017
Pacific Halibut - Stewart and Hicks 2017 +

Pacific Cod - Barbeaux et al. 2017
Sablefish - Hanselman et al. 2017
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Pleuronectiformes
Offal
Other
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2+ yr, ≥ 45 cm

194 208 45 44 216 109 94 194 227 193 0 0

Ctenophora
Cnidaria
Mollusca
Teuthida
Octopoda
Annelida
Crustacea
Euphausiacea
Misc. Shrimps
Misc. Crabs
Echinodermata
Tunicata
Chondrichthyes
Teleostei
Clupeiformes
Salmoniformes
Osmeriformes
Argentiniformes
Myctophiformes
Gadiformes

G. chalcogrammus
G. macrocephalus

Perciformes
Trachiniformes
Scorpaeniformes
Pleuronectiformes
Offal
Other
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3+ yr, ≥ 37 cm

Ctenophora
Cnidaria
Mollusca
Teuthida
Octopoda
Annelida
Crustacea
Euphausiacea
Misc. Shrimps
Misc. Crabs
Echinodermata
Tunicata
Chondrichthyes
Teleostei
Clupeiformes
Salmoniformes
Osmeriformes
Argentiniformes
Myctophiformes
Gadiformes

G. chalcogrammus
G. macrocephalus

Perciformes
Trachiniformes
Scorpaeniformes
Pleuronectiformes
Offal
Other

599 583 227 246 312 375 148 402 601 569 603 602
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