
Bering Sea climate-enhanced 
multi-species stock assessment

Kirstin K. Holsman
Jim Ianelli, Kerim Aydin, Grant Adams, Kalei Shotwell, Steve Barbeaux, Kelly Kearney

Sept., 2023

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2022/EBSmultispp.pdf

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2022/EBSmultispp.pdf


https://apps-afsc.fisheries.noaa.gov/Plan_Team/2022/EBSmultispp.pdf

Produced annually 2016 - present

Two models presented each year:
 SSM : without trophic interactions (single-species mode) 
 MSM : with trophic interactions (multi-species mode) 



Holsman; CEATTLE

EBS CEATTLE 



Jurado-Molina et al. 2005 doi: 10.1139/F05-110

Pacific cod

pollock
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“CEATTLE”
Climate Enhanced Age-structured 
model with Temperature-specific 
Trophic Linkages and Energetics

Climate impacts 
on growth & 
condition

Climate impacts 
on predation 
(energetics)

Holsman et al. 2016
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Rceattle
https://github.com/grantdadams/Rceattle



Holsman, K. K. et al. Climate-informed multispecies 
assessment model methods for determining 
biological references points and Acceptable 
Biological Catch. Protoc. Exch. In press 
https://doi.org/10.21203/rs.3.pex-1084/v1 (2020).

CEATTLE Applications
Operational advice:

o Appendix to BSAI pollock assessment (2016 to now)
o M2 index for EBS ecosystem status report (2016 to now)
o M2 index for ESP (2020 to now)

Research:
o 2010-2015 BSIERP MSE
o 2016- now ACLIM - climate MSE
o 2019- 2023 Lenfest NFS
o Lenfest ocean wealth

Bering Seasons
o Forecasts under 9mo

GOA
o G. Adams (UW) : 3 and 4 species model for GOA (Adams et al, in review)
o G. Adams (UW) : M2 index for GOA Ecosystem Status Report (2021-now)
o Climate MSE underway for GOA

Hake (S. Wassermann)

https://doi.org/10.21203/rs.3.pex-1084/v1
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CEATTLE workflow features 
• R and shell scripts used to run the model through projections:

● Regular output includes ESR contribution (R markdown)
● ESP indices (produced annually but not yet used)?
● Assessment written in Rmarkdown using Rdata outputs

• Github repositories (* private)
● *CEATTLE (ADMB):

https://github.com/kholsman/CEATTLE
● Rceattle (G. Adams; R/TMB): 

https://github.com/grantdadams/Rceattle 

https://github.com/kholsman/CEATTLE
https://github.com/grantdadams/Rceattle


Model Summary

CEATTLE (Holsman et al. 2016)

● NEBS+EBS
● Age or Length based
● Multi- or single-species
● ADMB
● Climate (energetics) effects on

○ Growth
○ Mortality (if in MSM)
○ Recruitment

● Used to derive climate-inform. ABC
● Pollock, Pcod, ATF

● Operational 2016 - now (annually)

● Climate naive targets; climate informed 
reference points

Rceattle (Adams et al. 2022)

● GOA
● Age or Length based
● Multi- or single-species
● TMB
● Random effects
● Data weighting
● Climate (energetics) effects on

○ Growth*
○ Mortality (if in MSM)
○ Recruitment

● Used in EBS, GOA, and Cali Current (hake)
● Pollock, Pcod, ATF, Halibut, and Hake



Discussion : Climate informed BRPs

Set B0 and B40 target using climate informed models

NO!



Szuwalski et al. 2023

 

Adapting reference points to reflect changes in productivity

● MSA directs reference points to 
reflect current and probable future 
environmental conditions

● Changing reference points for stocks 
undergoing climate-related 
productivity shifts can result in 
counter-intuitive management 
actions:

○ Declining stocks could be 
fished harder

○ Flourishing stocks could be 
fished more conservatively
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“hybrid” climate- naive & climate informed approach
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Climate informed model to get By / B40%  (B2023) 

B2023 >> B40% so set FABC = 
1.0*FACL

B2023 < B40% invoke sloping HCR and set FABC = 
0.7*FACL

Bunfished

B40%



Holsman et al. 2020. https://www.nature.com/articles/s41467-020-18300-3

Climate informed biological reference points



Discussion : Climate informed BRPs

Set target at climate naive  (B0* from historical or B0 
from no-climate projection) 

1a: Use model with climate effects 
to get F40 for each climate 
projection and ABC 2080 

1b: Use model with no climate 
to get F40% 

2b: Apply F40%* to model 
with climate effects to get 
ABC from ensemble 
(ABC2023 = avg(ABC from all 
models)

2a: Set ABC_2023 = avg(ABC2080), 
calc F2023 and use that to get 
ABC_2024 (avg. using models with 
climate effects)



Multispp Assessment
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ROMS output https://data.pmel.noaa.gov/aclim/thredds/catalog/files.html
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ROMS output https://data.pmel.noaa.gov/aclim/las/UI.html



Biomass



Biomass



Biomass



ESP indices
Use this if: need index of mortality for 

plk, pcod, or atf
Use this if: need index of plk, pcod, atf 

eating other prey (eg snow crab)



Biomass (climate projections)



Catch (climate projections)



Climate informed BRPs and ABC evaluations
Improve with 

ROMS 
forecasts



Multispecies assessment

Use climate informed model to characterize 
risk in +1 & +2 years

Use climate informed model to characterize 
risk in 10 + years with low warming

Use climate informed model to characterize 
risk in 10 + years with high warming

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2022/EBSmultispp.pdf



Climate informed BRPs and ABC evaluations
Improve with 

graphics
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Shifting fish distributions 
drive changes in predation 
intensity in the Eastern 
Bering Sea

Gemma Carroll, Steph Brodie, 
Arnaud Gruss, Jim Thorson, Stan 
Kotwicki, Kirstin Holsman, Becca 
Selden, Elliott Hazen

2
Climate effects on groundfish 
trophic interactions: scaling 
from individuals to shelf 
communities

Jim Thorson

1
Projecting changes in 
predator-prey overlap and 
implications for management

Kirstin Holsman, Andre Punt, Cheryl 
Barnes, John Reum, Maxime Olmos

3

Climate impacts on spatial predator-prey 
interactions in the Eastern Bering Sea
ACLIM Spatial Subgroup
October 4th, 2022

Slide: Maurice Goodman

https://mgoodman.shinyapps.io/aclim2_sdms_explorer/



Discussion : Climate informed BRPs

1. Methods to explore for setting climate-informed ABCs
2. Feedback on how long-term outlooks are communicated
3. Transition to TMB via merging CEATTLE and Rceattle
4. NSF conditioned ABC (2024)
5. Include ACLIM MSE results and CI features
6. Share output via AKFIN
7. Push to align more closely with other stocks?


