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Federal and state catch data
updated;

Fishery size composition data
updated;

Bottom trawl survey abundance
and length composition data for
2021 1ncluded,;

Longline survey abundance index
and length composition data for
2021 were included;

Age-0 beach seine survey index was
included in one alternative model.




AFSC bottom trawl survey

e 2021 28% decrease in abundance from 2019 b h .
e 2021 4% decrease in biomass from 2019 Age-O €ach seine survey
e Low 2013-2016 and 2019

* High 2012, 2017,2018 and 2020
* Near average 2021

AFSC longline survey

* 58% increase from 2020
* Remains below average
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Landings (mt)

20000 40000 60000 80000
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Overall descending
trend in participation
More vessels
targeting cod in 2021
than 2020

2020 Total catch = 6,233 t

2021 Total Catch = 18,040 t*
*As of Nov 15

Central GOA

Western GOA




e Model 19.1 SAEEI Temperature Beach

seine
 Same as last year’s base model 20152017 g1 owth M Recruits  jndex
. Model 21.1 Base
e Same as 19.1 except: 21.1
e Natural mortality block for 21.2
2015-2017 '
e Model 21.2

e Same as Model 19.1 except:
e Age-0 beach seine index,
e Annual heatwave linked
Natural mortality,
* Spawning heatwave linked
recruitment,
 June CFSR temp linked growth.

appropriate )




Natural mortality by model
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e Model 21.2: annual heatwave linked
natural mortality with asymptote

My, =M + nly e Logistic function fit

, iteratively
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Models 19.1 and 21.1 Models 21.2
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Models 19.1 and 21.1 Model 21.2
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Bottom trawl survey Longline survey

Model 19.1 Model 19.1
Model21.1 Model21.1
Model21.2
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September beach seine index fit Model 21.2 beach seine index fit

e [ittle influence in the model




_ Spawning stock biomass Age-0 Recruitment

- Mohn’s  Woodshole Mohn’s  Woodshole
Model P P RMSE P P RMSE

-0.0002 0.0837 0.1159  0.1084 0.1195  0.1737
0.0440 0.1280  0.1476  0.0564 0.1339  0.1503
0.0557 0.0841  0.1230  0.0448 0.1034 0.1716

Model 19.1 Model 21.2

%
-! converged
Model Conv. MLE MLE at MLE
19.1 50 1 32 0 65%

50 35 & 0 79%
50 12 23 0 61%
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- MCMC link posterior percentile Link MLE

Paramet Link '
er 2.50% 50% 97.50% P Value o Gradient

n 1.0974 1.3865 1.7005  <0.002 1.4098  0.14725 -3.91E-06

Y 1.3676 1.7659 2.1559  <0.002 1.8003  0.20917 5.98E-07
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Removal of ¢ link on K makes little to no difference in model results
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* Model 21.2 had the best overall fit to all of the data
where direct comparisons are possible
* All models performed well in retrospective
* All models had little overall bias in LOO analysis
* Model 21.2 ending year data was less influential

e Environmental links in Model 21.2 are well fit and
should improve projections




For projections the environmentally linked Model 21.2 requires

assumptions about future conditions

June CFSR Central GOA Anomaly
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2022 spawning

biomass at B,, <,

Model
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== Model 21.2B
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True F for Age 3-8
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Projection A Projection B

SSB 2022 at B,, <, SSB 2022 at B,, <,

SSB 2023 at B, SSB 2023 at B, ¢,




Spawning biomass (t)
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Model21.2 Projection A Projection B
(Mean 1977-2021 (Mean 2010-2021

conditions projected) conditions projected)

Quantity 2022 2023 2022 2023

3b 3b 3b 3b
159,837 185,745 160,755 169,832
39,873 38,594 39,873 35,050
. ]

162,426 162,426 162,426 162,426
64,970 64,970 64,970 64,970
56,849 56,849 56,849 56,849
S Y 0.54 0.52 0.54 0.47
- maxF,u| 0.44 0.42 0.44 0.38
0.44 0.42 0.44 0.38
29,131 27,715 28,000 22,072
24,043 22,882 23,099 18,170
24,043 22,882 23,099 18,170
Status

No n/a No n/a
n/a No n/a Yes
n/a No n/a Yes




AFSC bottom trawl survey RE model for allocation
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Projection B 2022 ABC 6,999 13,905 2,194 23,099

2023 ABC 5,605 10,938 1,726 18,170
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Quantit
Tier
Projected total (age 0+) biomass (t)
Female spawning biomass (t)
Projected

A

'

Status

Overfishing
Overfished
Approaching overfished

> 0o [
le] EI =)
~— @} S S

2022

3b
178,961

48,061

165,508
66,203
57,928

0.62
0.50
0.50
39,654
32,811
32,811

2020
No
n/a
n/a

2023

3b
199,841

44,530

165,508
66,203
57,928

0.57
0.46
0.46
34,673
28,708
28,708

2021
n/a
No
No

2022

3b
166,852

42,763

159,948
63,979
55,982

0.56
0.45
0.45
32,366
26,759
26,759

2020
No
n/a
n/a

Model 19.1 Model 21.1 l

2023

3b
194,580

42,872

159,948
63,979
55,98
0.56
0.45
0.45
32,869
27,195
27,195

2021
n/a
No
No



e Strong evidence for selective differentiation, including one that
aligned to the zona pellucida glycoprotein 3 (ZP3)

o 7P3 a reproductive protein known to undergo rapid selection shown to
neofunctionalize as an antifreeze protein in Antarctic icefishes (Spies
et al. 2021).

with 30-Y0% accuracy.




P.Ls:

Susanne McDermott (NOAA)
Wayne Palsson (NOAA)
Steve Barbeaux (NOAA)
Charlotte Levy (Aleutians
East Borough)

PACT (Pacific cod tagging

team):
Rebecca Haehn (NOAA)

Liz Dawson (NOAA)
Kim Rand (Lynker
Technologies)

Julie Nielsen (Kingfisher
Marine Research)

Funding:
National Cooperative Research

Program (NCRP)

More than half
(10/17) of the tags
recovered 1n the
June-September in
Bering Sea

One tag recovered in
the Chukchi Sea

Indicates substantial
connectivity between

‘he WGOA and other
regions
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1-10+ age bins
1-117+cm length bins
 Key estimated parameters:
M lognormal prior, mean -0.81, CV 0.41
e Survey catchability uninformative prior
e M anomaly for the 2014-2016 period
e Stock recruitment relationship: Beverton-Holt
e 0R =0.44, steepness = 1.0
 Growth
¢ Three-parameter von Bertalanffy growth (informative priors based on 2007-2018
survey size at age data
* Selectivity: length-based double normal
* Different periods for bottom trawl survey
* Longline and trawl
* pre-1990 annually varying
* blocks for post-1990
* Longline survey catchability
e scaled to CFSR temperatures for 0-10 cm Pacific cod mean depth




Removal of ¢ link on K makes little to no difference in model results

H H ——  Model212
Spawning biomass o eda2i200Ph

600

h

500
Pt
8

= 400
8
&
5

= 300 |
=
£
z
.

@200

100 |

0 T T T T T
1980 1990 2000 2010

2020 2022

SSB unfished - e s = Ln(R,)

a.Er REF SEF 0.EF
SSB_unfished

(08M1_s2




BT survey vs. Total biomass

Female spawning biomass




Trawl Fishery Longline Fishery

Pot Fishery

Bottom Trawl Survey Longline Survey




Trawl Fishery Longline Fishery

Pot Fishery Bottom trawl survey

Longline survey

fisheries and surveys




Pot Fishery Bottom trawl survey




Q= 1.065

M=0.478




Assessment- Population Environmental/ [Fishery
related dynamics ecosystem Performance

considerations |considerations |considerations

Level 1: Level 1: Level 1: Level 1:
Normal Normal Normal Normal

Assessment related — Still some uncertainty on pre-1985
population, but improved over last year’s model

Population dynamics — Still low spawning biomass, but appears to
be improving, signs of good recruitment in 2020 and average in
2021.

Environmental/ecosystem — Cooling in 2021 to average or below
and overall better conditions.

Fishery performance — Mixed results as normal, EM adds some
uncertainty in how to measure performance.
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