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The applicability of multi-species trophic and technical interactions in multi-sector fleets pose special problems in providing real-world tactical and strategic advice for management. Special problems with the trophic side are evaluated as part of the ACLIM project and developments in CEATTLE. Focusing on the available data feeding tactical advice, we review the present issues related to the variability in fishery and survey distributions for a data-rich species in the Bering Sea. As part of this work, we revisit the potential future scenarios of trade-offs for the fleet considering fish size, CPUE, fuel costs, and bycatch avoidance. We present some simple statistics to show how spatial variability has changed and how assessments might better account for distribution shifts. We note how spatial patterns affect status quo management guidance and attempt to provide insight on how to better communicate stock trends and status relative to national standards.




Today

• No model changes
• Added features to accommodate ACLIM projections (courtesy Paul Spencer)

• Includes posterior predictive distributions
• Continue to test alternatives for comparison (e.g., WHAM, SAM, SS, AMAK)

• Key features (e.g., covariance spec on BTS survey time series)

• Survey weight-at-age estimation
• Affects conversion of model N-at-age to predicted survey biomass 

(and hence fits)
• Adds to the estimate of current-year fishery weight-at-age and projections



Survey body-mass-at-age

• 2021 Method (old)
For  ith year, jth age:

Where k indexes sex (unid, male, female)

• Problem is it only captures 
inter-annual variation due to length

• Subsequently less missing years
of L-W data from survey

𝑤𝑤𝑖𝑖,𝑗𝑗 = ∑𝑘𝑘 𝑁𝑁𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑘𝑘𝐿𝐿𝑎𝑎
𝑏𝑏𝑘𝑘
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Survey body-mass 
at age re-
evaluation

• Study by Julia Indivero
• Goal to make survey wt-at-age 

consistent w/ other SDM 
estimates

log 𝑤𝑤𝑔𝑔𝑖𝑖,𝑎𝑎𝑖𝑖,𝑦𝑦𝑖𝑖 = 𝛽𝛽 𝑎𝑎𝑖𝑖,𝑦𝑦𝑖𝑖
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Indivero study objectives

1. What is the spatial and temporal pattern of size at fine-scale (i.e. local) and 
population-scale (i.e. index)?

2. Do local spatial and spatio-temporal variation impact index size-at-age?
3. Does local variation in size matter more than abundance for index size-at-

age?
4. How does our model of population size-at-age affect the stock assessment 

estimate of population biomass compared to a non-spatial naïve estimate?



Bonus feature of new method—estimates of uncertainty 
in wt-at-age

• Useful in 
supplementing fishery 
mean-wt-at-age 
projections

• Year and cohort effects

Julia Indivero et al. , In Review



Added feature

• Useful for aiding the fishery mean-
wt-at-age projections

• Year and cohort effects

Courtesy Julia Indivero, In Review



How does the evaluation compare w/ 2021 
Estimates?



Relatively poorly…

• Traditional method went from length to weight with fixed, 
sex-specific wt-length parameters

• This affected the predicted biomass estimates within the 
model

• In general, old way tended to have anomalies closer to the 
mean…







Indivero et al.

• Effect of spatial vs 
simple mean estimates
on assessment results

Last year’s 2021 
assessment fits and 
abundance estimates



From Indivero et al. (submitted)

“Results from our case study suggests that accounting for 
spatially unbalanced sampling improved stock assessment 
consistency. Additionally, it improved our understanding on 
the dynamics of how local and population-level demographic 
processes interact. As climate change affects fish distribution 
and growth, integrating spatiotemporally explicit size-at-age 
processes with anticipated environmental conditions may 
improve management advice.”

jindiv@uw.edu

mailto:jindiv@uw.edu


Summary

I recommend
• Abandoning the old L-W relationship and mean length way of 

computing mean body-weight-at-age to fuller spatial data extent

• Adopting new approach that is most consistent with the VAST data

• For design-based tests (and alternative model runs), use the spatially 
naïve estimates (in place of old LW approach)
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Bering Sea
Pollock
Fishing 
conditions

Trends in 
weight
frequency 
of catch

Winter                                 Summer
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B-season

Tow-by-tow mean 
weight frequency
by week



B-season catch patterns

Deeper dive into 
observer data 



B-season catch patterns

At-sea catcher
processors
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v
B-season catch patterns

Shore-based



B-season catch patterns
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Explorations of 
spatial patterns 
and assessment 
impacts



Shifts in pollock 
distribution
• NMFS summer bottom trawl survey
• Fishery INDEPENDENT
• VAST model estimates
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Shifts in pollock 
distribution
• NMFS summer bottom trawl survey
• Fishery INDEPENDENT
• VAST model estimates
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A great survey 
product:
Bottom
Temperature

Sean Rohan and Lewis Barnett R package
https://github.com/afsc-gap-products/coldpool

df_cpe <- coldpool:::cold_pool_index |>  
dplyr::select(year=YEAR,CPE=AREA_LTE2_KM2)
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How much is 
due to 
shifted pattern 
of fishing?



B-season catch patternsCatcher-processors
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B-season catch patterns



B-season catch patterns
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B-season catch patterns

Shore-based



A great survey 
product:
Bottom
Temperature

Sean Rohan and Lewis Barnett R package
https://github.com/afsc-gap-products/coldpool

df_cpe <- coldpool:::cold_pool_index |>  
dplyr::select(year=YEAR,CPE=AREA_LTE2_KM2)

How does it compare to fishery data?
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How does it compare to fishery data?



Fishery data vs cold pool extent



Ce
nt

er
 o

f g
ra

vi
ty

 (N
or

th
in

g)
Survey data vs cold pool extent



Relative survey CPUE



Included 
CPUE



• Fishery partial-Fs
• How do they affect Fmsy estimates?



FMSY

• By year and latitude
(and FMSY)

text size ∝ mean
age-at-selection
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FMSY

• By year and latitude
(and mean selected age)

text size ∝ FMSY

Age at selection anomaly
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Age at selection 
anomaly



Age at selection 
anomaly
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Summary on spatial distributions

I recommend
• Continue to evaluate the interaction of spatial distribution of the 

fishery and the relative selectivity
• Particularly as it pertains to FMSY estimates and uncertainty



Other initiatives coming in November 🫡🫡
(�)

Make the calculations of Tiers 1, 2, and 3 more transparent
• SSC and others (including me!) had difficulty tracking down calcs

AVO, ATS, and BTS (EBS + NBS) survey data should all be available 
• Age data from 2021 fishery + 2022 BTS data as well

2011 assessment MEY calculation to be revisited?

Closer look at EM data (for spatial analyses)
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