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Multi-species models for EBFM

• Quantify relative effects of climate variability, trophic interactions, 

and fisheries on species productivity

• Non-stationary mortality, B0, and MSY

• Can identify indirect effects on other species and fisheries

• Quantify trade-offs among fisheries

Holsman et al. in press. Deep Sea Res II
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2016 multispecies assessment
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• Appendix to 2016 pollock assessment as 

alternative model

• Provides comparative M, Rec, and SSB

• Captures climate and trophic impacts on 

BRPs
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Outline:

• CEATTLE Overview

• 2016 Assessment

• Other applications
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CEATTLE overview
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CEATTLE Multi-species model

Walleye pollock 

(Gadus chalcogrammus) 

Arrowtooth flounder

(Atheresthes stomias) 

Pacific cod

(Gadus macrocephalus) 

Eastern Bering Sea, Alaska, USA

W@Age~f(Temperature)

Pred/prey~f(Temperature)

Climate-Enhanced, Age-based model with Temperature-specific Trophic Linkages and Energetics 
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Table 1: Model equations

Residual 

Natural Mortality

Predation

Natural Mortality
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Age-specific prey selectivity

Size-specific annual ration

Temperature specific 

Table 2: Pred. Mortality (M2)
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Temperature 

specific VonB
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Range of data

Model estimates

3o C W@A
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Bottom Temp

Fit outside of the 

model presently 

(expect for 

projections)



Predator- Prey Overlap
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Stabeno et al. (2013) A comparison of the physics of the northern and 

southern shelves of the eastern Bering Sea and some implications for the 

ecosystem. Deep-Sea Res II 65-7014-30.

Set to 1.0 in this assessment
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Retrospective estimation
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CEATTLE 
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Retrospective estimation
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Retrospective estimation

Project model
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Retrospective estimation
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Retrospective estimation
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CEATTLE: Options

• Trophic Interactions (on/off)

• Recruitment under projections (MCMC on/off):
• Mean RS (Ricker or BevHolt), linear, linear+ By-1

• Above + covariates (cold pool, BT, etc.)

• Harvest scenarios (0, mean historical F or C, set F or C, F 
profile, and HCRs:
• ABC proxy

• SPR

• Aggregate MSY

• MEY (in development)
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2016 Assessment 



Changes from Holsman et al. 2016
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• P. cod fish comp data based on lengths

• Bottom Temp: BTS & updated through 2015

• Projected Bottom Temp: constant avg (BT)

• Recruitment in projections is Ricker

• 2 harvest scenarios are presented here:

1. F 40% of unfished biomass (for all 

three species simultaneously) 

2. aggregate multi-species MSY

• Survey and catch data updated from 2012



2016 multispecies data
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Source Type Years

Fishery Catch biomass 1979-2015

Fishery Catch age composition 1979-2014 (plk &atf); 

1979-2015 (P. cod)

EBS bottom 

trawl

Area-swept abundance

(numbers) index by age

1982-2015

EBS bottom 

trawl

Gravimetric length-based

diet data

1982-2105

Acoustic trawl Population abundance

(numbers) index by age

1979,1982,1985,1988,

1991, 1994, 1996-1997, 

1999-2000, 2002 , 2004, 

2006-2010
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Bottom Temperature (BT Survey)
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Table 4: Objective functions
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Table 4: Objective functions
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CEATTLE 2016: Catch
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CEATTLE 2016: Survey Biomass
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Biomass
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Understand mechanisms of change
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Fishing mortality
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Selectivity
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CEATTLE 2016: Pollock age classes

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 37



CEATTLE 2016: Fish age / length comp
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CEATTLE Recruitment: Pollock
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CEATTLE Recruitment: P. cod
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CEATTLE Recruitment: Arrowtooth
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ABC multi-species proxy approach (Moffitt et al. in press)
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ABC multi-species proxy approach (Moffitt et al. in press)
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Multispecies control rules (Holsman et al. in press)
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Projected SSB
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Projected Recruitment (age 1)
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Projected Yield
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max FABC

1980 2000 2020 2040 2060 2080 2100

0

0.1

0.2

0.3

0.4
a) Walleye pollock

1980 2000 2020 2040 2060 2080 2100

0

0.2

0.4

0.6

0.8
b) Pacific cod

1980 2000 2020 2040 2060 2080 2100

0

0.05

0.1

0.15

0.2
c) Arrowtooth flounder

F
is

h
in

g
 m

o
rt

a
lit

y
 r

a
te

 (
F

)

Year



Photo: Mark Holsman

CEATTLE Applications



Ianelli et al. in press: Blended Forecasts
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blended forecasts

Ianelli, J KK Holsman, AE Punt, K Aydin (2015). Multi-model inference for incorporating trophic and climate 

uncertainty into stock assessment estimates of fishery biological reference points. Deep Sea Res II. DOI: 

10.1016/j.dsr2.2015.04.002



CEATTLE: Single-species
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Blended results (all three models)
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Monitoring data

Management 

Scenarios
e.g control rules

Assessment outcome

Socio-

Economic 

Model

Effort by

fleet and location
Management Regulations

(OFL & ABC)

Operating Model 

more complex than assessment 

method

FEAST , CEATTLE, Ecosim

Size-spectrum Model

Assessment

Methods

Management Strategy Evaluations

CE-SSM

CEATTLE

Ecosim

Observation Error

Process Error

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 59



ACLIM: Alaska Climate-change Integrated Modeling project 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 60



RCP 8.5

SRES 

A1B

RCP 4.5

“Business as usual”

“We figured it out!”

“We tried…kind of”

Carbon Emission Scenarios
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Holsman et al. in prep
Climate-specific Harvest & 

Population Projections

Harvest Control
Rule

ACLIM
The Alaska CLimate change  

Integrated Modeling project 
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CEATTLE: Options

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 63



CEATTLE: Options
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CEATTLE: Options
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Slide courtesy of J. Duffy-Anderson
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Photo: Mark Holsman

Thanks!

“Behind these numbers lies, of course, an infinity 

of movements and of destinies.” 

– von Bertalanffy 1938

Jim Ianelli, K. Aydin, Ingrid Spies, Grant 

Thompson

Stephanie Zador, Paul Spence, A. Hobday, 

A. Hollowed,, Isaac Kaplan, Troy Buckley, 

Matt Baker, Buck Stockhausen, P. Sean 

McDonald

Mark Holsman (Brother; photos)

…and of people!

NOAA IEA program

FATE 13-07

SAAM 02 



END
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AFSC Ecosystem Based Fisheries Management
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Dolan et al. (2016) ICES J Mar Sci 73(4):1042-1050



Ecosystem Considerations Report 

Socio-Econ Report

Ecosystem / ecological context

Dolan et al. (2016) ICES J Mar Sci 73(4):1042-1050



Multi-species & Ecosystem modeling

Dolan et al. (2016) ICES J Mar Sci 73(4):1042-1050



When to use multi-species models:

• When there is sufficient data/information

• When expert advice is not enough

• Relationships are non-linear and complex 

• Species are fully exploited 

• Pressures/impacts are high, efficiency is needed

• Scope for fishery response to management is high 

• When management is ready for tradeoffs analysis
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“STATUS QUO” SCENARIOBEST CASE SCENARIO

“We figured it out!” “Business as usual”

+ 1.8 oC +4 oC

Intergovernmental Panel on Climate Change (IPCC)

5th Assessment Report
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Weight at Age
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Evaluate projection sensitivity
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Temp effect << F effect

Harvest preds

Fpred =0

Min B35%
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max FABC
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max FABC
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SSB at max ABC

1980 2000 2020 2040 2060 2080 2100

0

1

2

3

4

5

6
a) Walleye pollock

1980 2000 2020 2040 2060 2080 2100

0

0.1

0.2

0.3

0.4

0.5
b) Pacific cod

1980 2000 2020 2040 2060 2080 2100

0

0.1

0.2

0.3

0.4

0.5

c) Arrowtooth flounder

S
p
a
w

n
in

g
 b

io
m

a
s
s

Year



Max ABC
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Recruitment at max ABC
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