
Preliminary assessment of the 
Pacific cod stock in the Aleutian
Islands

Ingrid Spies, Maia Kapur, Steve Barbeaux, Melissa 
Haltuch, Pete Hulson, Ivonne Ortiz, Sandra Lowe

September 19, 2024



Preliminary assessment of the 
Pacific cod stock in the Aleutian
Islands

Ingrid Spies, Maia Kapur, Steve Barbeaux, Melissa 
Haltuch, Pete Hulson, Ivonne Ortiz, Sandra Lowe

September 19, 2024

https://github.com/afsc-assessments/AI_PCOD/M24.0

https://github.com/afsc-assessments/AI_PCOD/M24.1 

https://github.com/afsc-assessments/AI_PCOD/M24.0
https://github.com/afsc-assessments/AI_PCOD/M24.0


U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 3

•SSC comments
•Model description
•Data
•Sensitivity testing
•Model diagnostics
•Forecasting
•Models for November



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 4

SSC comments
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Selected SSC and Plan Team comments - 1
Plan Team September 2023: The Plan Team favors constraining M. They 
recommend M with a prior based on a reasonable approach.

Authors’ response: Based on this suggestion, we have incorporated an 
externally estimated natural mortality, M, that was based on the same 
methodology used to calculate M for the eastern Bering Sea Pacific cod 
assessment model since 2023. We used M = 0.417 for Aleutian Islands Pacific 
cod. This methodology is described below.

SSC December 2023: The SSC recommends a sensitivity analysis and a 
possible prior on M. It is surprising that estimating M was difficult in the data-
rich EBS Pacific cod assessment, but estimating M in the AI cod assessment 
was successful with fewer data points. The SSC encourages further 
collaboration among authors of the three cod assessments with regard to the 
treatment of M.

Authors’ response: Based on further collaboration among authors of the three 
cod assessments with regard to the treatment of M, we have fixed the base 
value of M in the AI cod assessment at 0.417. A sensitivity was performed 
(Table 1) and results are discussed below.



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 6

Selected SSC and Plan Team comments - 2
SSC December 2023: There were three parameters for natural mortality (M) 
where only two were required. This is confusing and might have influenced the 
model results in ambiguous ways that were not fully described in the document. 
Standard practice would be to estimate two lognormal parameters for the two M 
blocks.

Authors’ response: The M timeblock in Model 24.1 is now estimated as 
suggested. 

SSC December 2023: Similarly, there were three parameters estimated for time 
varying growth where only two were required. In addition, the author presented 
a slide showing almost identical growth coefficients for time varying kappa in 
two periods, suggesting that time-varying growth may not be needed.

Authors’ response: Time-varying growth was removed from the model.
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Selected SSC and Plan Team comments - 3

SSC December 2023: The SSC recommends that the authors 
present a simplified version of the original September 23.0 model 
with minimal time varying parameters alongside a preferred model or 
set of models in September 2024.

Authors’ response: Based on this comment, Model 24.0 is provided 
which represents a simplified version of the September 23.0 model.
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Selected SSC and Plan Team comments - 4

SSC December 2023: In the ESR, the need for an indicator of winter 
bottom temperature during spawning was noted, possibly derived 
from winter fisheries data, to assess potential detrimental effects of 
high temperatures in the AI on spawning and egg survival.

Authors’ response: The ESR group indicated that reliable bottom 
temperatures in the Aleutians in winter is difficult. The ROMS model 
does not capture the Aleutians, which would require observational 
data, which is infrequent and may not be properly calibrated.

For the future, the marine mammal laboratory at AFSC has placed a 
mooring at Unimak Pass for 3 years which could provide bottom 
temperature throughout the year. This data is not available currently. 
In addition, bottom temperatures in some regions remain relatively 
constant year round so that summer data could serve as a potential 
indicator.
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Model description
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Models for 2024
Age structured models (SS3):

• Model 24.0: Base model.

• Model 24.1: Timeblock on natural mortality from 2016 - 2024. 

Tier 5 random effects model:

• Model 13.4: Base model.

• Model 24.2: Incorporates M = 0.417 estimated externally.
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Data
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Age structured models - Changes in input data

Catch: Complete data for 2023, 2024 through August 
14*. 
Fishery size compositions: Complete for 2023, 2024 
preliminary through August 14.
Survey: No new survey data, but 2024 data will be 
added for November assessment.

*Current year’s catch projected for full year 
based on proportion caught over past 5 years.
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Age structured models - Data sources and 
relative weight

*Data current through August 14, 2024
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Aleutian Islands Pacific cod catch history, with 
federal catches by gear type, from 1991-2024 
(through August 14)

Blue dot 
represents the 
ABC for 2024
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Tier 5 model - Changes in the input data

Survey: No new survey data, but 2024 data will 
be added for November assessment.
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Age-structured models - features consistent 
with the 2023 models:
• Single sex model, 1:1 male female ratio.
• Survey age and length data were input as conditional age-at-
length.
• Recruitment estimated as a mean with lognormally distributed 
deviations.
• Maturity-at-age was estimated externally using observer data, 
then input into the model.
• Single-fleet fishery that combines trawl, longline, and pot 
fishery data, weighted by quarter, gear, and NMFS area, from 
1991 - current year (through August 14).
• Survey and fishery selectivity were modeled as logistic and 
constant over time.
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Age-structured models - Changes in the 
assessment methodology

• All parameters were constant over time except for the natural mortality 
timeblock in Model 24.1.

• The time of settlement was changed: larvae settle as juveniles in the same 
year as spawning, rather than in the following year.

• Initial fishing mortality was estimated within the model.

• Natural mortality was estimated externally, EXCEPT

• The timeblock on natural mortality from 2016-2024 (Model 24.1) estimated a 
single value.

• A Richards growth curve was estimated within the model (previously von 
Bertalanffy).

• Maximum age was changed from 10+ to 13 years.

• Fishery length composition extended to max = 143 cm (previously 117+ cm).
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Sensitivity testing
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Pacific cod models 24.1 and 24.0, and 7 bridging models, 24.0 A – G                                 
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Natural mortality 
• Based on SSC and Plan Team comments, we 
calculated M externally using the Then_lm 
method (http://barefootecologist.com). 

• Analysis incorporates maximum age
 EBS max age = 14, AI max age = 13. 

• Aleutian Islands M = 0.417.
• Eastern Bering Sea M = 0.387.
• This M used unless otherwise specified.

Why Then_lm? Uses ‘longevity’ to estimate ‘mortality’
Considered most informative (Cope and Hamel 2022) 
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Improving fit to growth curve

• Incorporated Richards growth curve rather than 
von Bertalanffy.

• Decreased the CV on the size of younger ages.
• Expanded age and length to represent the full 
distributions rather than plus groups.

• Cod grow quickly and 
continue to increase in 
length.

• Length frequency by age 
of cod collected from 
Aleutian Island surveys 
1991-2022
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Growth curve

Von Bertalanffy growth curveRichards growth curve

• The Richards growth curve adds an additional parameter.
• This allows for an inflection point between younger (age 2) and 
older cod (age 4+) that is not available in the von Bertalanffy.
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Growth curve
• Past models used the von Bertalanffy growth curve.

• The Richards growth curve improved the fit to the data.

Note improvements
in age comp likelihood, 
total likelihood, and 
AIC 

Von BertalanffyRichards
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Likelihood profile over the coefficient of variation 
(CV) over growth curve younger ages

Likelihood profile over the coefficient of 
variation (CV) age ≦ 1 

Mean length and CV over all ages 

Used CV = 0.16 as a compromise
between estimates.

Smaller than 0.30 used previously.
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Model fit to observed length frequencies for 
survey and fishery data, Model 24.1 (left) and 
24.0A (right)
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Smaller CV age≦1 improves fit

=0.16 =0.30 
CVage≦1

Note improvements
in total likelihood, 
Length &age comp 
likelihood, and AIC 
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Fit to conditional age at length improved with smaller CV

Model 24.1 (CV age ≦1 = 0.16) Model 24.0A (CV age ≦ 1 = 0.30)
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Fit to conditional age at length improved with Richards 
growth curve, reducing age ≦1CV, full age, length comps
Model 24.1 Model 24.0G
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Initial F - estimated based on the average 
catch from 1981-1990

Init F estimated No Init F

Note improvements
in total likelihood, 
age comp likelihood, 
recruitment, and AIC 
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Survey selectivity: length compositions suggest 
survey selectivity may be dome shaped
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Selectivity – dome shaped is not an improvement

Dome shapedLogistic
Survey selectivity

Note improvements
in total likelihood, 
age comp likelihood, 
and AIC 
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Natural mortality timeblock: The number of days 
under heatwave conditions for the western, 
central, and eastern Aleutian Islands has 
increased since 2014
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Natural mortality timeblock: In 2024 there were several 
short periods considered heatwave conditions in the 
Aleutian Islands, but less than in previous years
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Natural mortality timeblock
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Model 24.0 (upper panel) and Model 24.1 
(lower panel) fit to survey index, 1991 - 2024

Model 24.0

Model 24.1
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Natural mortality timeblock improves multiple 
aspects of the fit to the data

M = 0.579 (estimated)

M = 0.417 (fixed)

Note improvements in total likelihood, 
survey likelihood, age comp likelihood, 
recruitment likelihood age comp likelihood, 
and AIC 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 37

Maturity curve

We will update the maturity curve with new data and 
filtered for stomach scan data (which can be mistaken for 
maturity data in OBSINT).
• L50% = 54.9 cm, and slope = -0.148. 
• Reanalysis: L50% = 55.5 cm (95% CI :53.7 - 57.3), slope = 
-0.155.

There were 1,331 records previously, approximately 1,355 
including current data.
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Model diagnostics
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One step ahead (OSA) and Pearson residuals 
for Model 24.0 (left) and Model 24.1 (right)
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The Model 24.1 jitter diagnostic for global convergence conducted on the 
Aleutian Islands Pacific cod assessment. 

• Upper left: solid black circles represent 
the total likelihood obtained from 200 
jittered model runs and the red 
horizontal dashed line represents the 
total likelihood value from the base-case 
model. 

• Upper right: spawning stock biomass 
(SSB) from jittered model runs. 

• Lower panel: the estimate of absolute 
fishing mortality, F, with F=sum(full Fs).
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The Model 24.0 jitter diagnostic for global convergence conducted on the 
Aleutian Islands Pacific cod assessment. 

• Upper left: solid black circles represent 
the total likelihood obtained from 200 
jittered model runs and the red 
horizontal dashed line represents the 
total likelihood value from the base-case 
model. 

• Upper right: spawning stock biomass 
(SSB) from jittered model runs. 

• Lower panel: the estimate of absolute 
fishing mortality, F, with F=sum(full Fs).
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Forecasting
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Forecasting

• Model 24.1 forecasts performed using the base 
value of natural mortality from 1991-2015, 0.417.

• Forecasting using the mean natural mortality 
would result in very high harvest rates. 
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2024 survey results
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Survey data from 2024 – similar to 2022 
estimates
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Aleutian Islands Pacific cod survey biomass 
1991 - 2024
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November models

• We plan to present age structured models 24.0 and 
24.1, and Tier 5 models 13.4 and 24.2. 

• We will also use a realistic catch value for projections.
• Update maturity curve. The new maturity curve will 
include observer visual maturity scans and length 
through September 2024, represents ~24 more records 
than previously used.
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Extra Slides
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Model results and comparison
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Summary table with a comparison of proposed 
2024 Models 24.0 and 24.1 

*Asterisk denotes natural mortality estimated in the timeblock 2016-2024.



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 51

Summary table for Models 13.4 and 24.2 
proposed for 2024. Model 13.4 (2023) was the 
tier 5 model used in 2023. 

*Note the 2024 accepted ABC and OFL were adjusted from the 2024 model values 
for OFL and ABC



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 52

Growth

10
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Age 1: 21 cm
Age 2: 34 cm
Age 3: 46 cm
Age 4: 57 cm

22cm
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59cm
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Age 3: 42 cm
Age 2: 29 cm
Age 1: 18 cm

Age 4: 53 cm

Model 24.1

Model 24.0A (CV = 0.3 on age 1)

Age 10: 99 cm

Age 10: 99 cm

Age 10: 99 cm
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Selection of maximum age & length
Shifts selectivity curves to 
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Model fit to survey index for all Models 24.0, 
24.1 (left), and seven bridging models, M24.0 
A-G (right)
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Spawning biomass relative to unfished for all 
Models 24.0, 24.1 (left), and seven bridging 
models, M24.0 A-G (right)
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Recruitment estimates for all Models 24.0, 
24.1 (left), and seven bridging models, Models 
24.0 A-G (right)
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Survey length composition and fit to the length 
composition, Model 24.0 (left) and Model 24.1 
(right)
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Likelihood profile over initial recruitment, R0, 
from 10.4 to 12
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Likelihood profile over the log of catchability 
(q), from -0.8 to 0.8 in increments of 0.1.
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Length frequency by age of cod collected from 
surveys 1991-2022
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Retrospective plot of spawning biomass, Model 24.0 (left), and Model 24.1 
(right). Mohn’s rho is presented for each retrospective, followed by the 
forecasted estimate of rho in parentheses. The shaded area represents the 
95% confidence interval around the mean of the base year (full time series)



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 62

A Kobe plot demonstrating the stock status uncertainty over SSB/SSBmsy 
and F/Fmsy, indicates a 97.6% probability that the stock status is between 
SSB8% and SSB35%, and that the fishing mortality rate is below F40%. 
The triangle represents the first year (1991) and the large circle the final 
year (2024). Grey dots provide uncertainty among Model 24.1 runs for the 
stock status in the final year.
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