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New research provides evidence that Aleutian 
Islands cod are a distinct population, with little 
movement into or out of the area.

Sara Schaal, Larson, W., Vollenweider, J., Miller, K., Klenz, T, Maselko, J, Neff, D,. Tobin, C., McDermott, S., 
Spies, I. Genetic data reveal non-local juvenile recruitment and variable seasonal movement of a highly mobile 
marine fish across Alaska
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SSC and Plan Team comments
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Selected SSC and Plan Team comments - 2
SSC October 2024: 

One change that was unexpectedly impactful was the move to the 
Richard’s growth curve. As the BSAI GPT noted, the change in 
likelihood between the model with the LVB growth and the model with 
the Richard’s growth curves was quite substantial, given that the 
change represented the addition of one parameter only and the 
difference in shape of the two growth curves was fairly similar. The SSC 
concurs with the BSAI GPTs recommendation to explore how such a 
large improvement in likelihood occurred despite similar growth curves.

Response: 

The substantial change was a result of the bridging method, and is 
addressed in Results of Tier 3 models. In a new set of bridging models, 
the Richards growth curve still provides a better fit to the data, but the 
improvement is closer to what would be expected. 
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Substantial change due to Richards vs. von 
Bertalanffy (September document) resulted from 
bridging method

September November
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Selected SSC and Plan Team comments - 3

SSC October 2024:

Ensure that the “F ballpark” penalty is turned off in the final estimation 
phase. It appeared from likelihood profiles that this penalty was still 
turned on at the end of model runs. This is a convergence aid and 
should not be affecting model results at the end of convergence.

Response:

This penalty has been turned off.
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Selected SSC and Plan Team comments - 5
SSC October 2024: 
…an important new feature of Model 24.1 was the inclusion of a natural mortality block….
1. current parameterization assumes that there is a distinct mechanism identified for the natural 

mortality block and that it is consistent over time without an identified threshold for returning to 
baseline natural mortality. 

2. The temperature thresholds identified in Laurel and Rogers (2020) point to hatch success having a 
narrow optimum temperature range. 

3. If hatch success was the main driver, then the SSC suggests it might be more appropriate to 
consider a recruitment covariate that utilizes bottom temperature predictions at the time of spawning 
based upon ROMS or future CEFI models. 

4. Additionally, if the higher mortality affects young ages or all ages, then the rationale for the two year 
lag becomes unclear. 

5. The higher temperatures in the AI are also lower than what were identified as high temperatures in 
the GOA. 

Response:

• Future research on incorporating climate-related parameters can be researched under management 
as a Tier 3 model.
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Selected SSC and Plan Team comments - 6

Response (Continued):
• Heat stress has been shown to increase bioenergetic consumption rates.
• Prey may become a limiting factor.
• Low length-weight residuals have been observed in all regions since 2012. 
• Lower fish condition, heatwave conditions, and decline in survey estimates 

of biomass are consistent with high temperatures having cumulative stress 
effect on cod in the AI, resulting in climate-induced mortality. 
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Selected SSC and Plan Team comments - 7
SSC October 2024: 

…an important new feature of Model 24.1 was the inclusion of a natural 
mortality block….
…future efforts could be enhanced by tying parameters to a specific 
covariate which would adjust to baseline when it returns to “normal”. 

Response:

• We agree that future efforts should tie parameters to a specific 
covariate which would adjust to baseline when it returns to “normal”. 

• This is an aspect of the Model 24.1 that will improve with more time 
and data. 
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Selected SSC and Plan Team comments - 8
SSC October 2024: 

The SSC recommends one additional model “24.0b” which removes the 
block on M and uses the LVB growth model as a simpler but improved 
model from last year as an alternative. 

Response:

This new model (“24.0b”) was not presented due to the short turnaround 
between the October 2024 SSC meeting and the November assessment 
deadlines. 

Removal of the Richards growth curve and the natural mortality timeblock 
would deteriorate the fit to the data.
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Selected SSC and Plan Team comments - 9
Plan Team October 2024: 

Consider a prior for M that accounts for maximum ages beyond what has been 
observed in recent survey data, which likely reflect a truncated age structure.

Response:

The base value of natural mortality was calculated using all available age data 
for Aleutian Islands Pacific cod, from NMFS surveys 1991 - 2022. 

Future efforts to obtain ages from cod taken prior to 1991 can be made if there 
is interest and resources.
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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. 

• Model 24.1a: Model 24.1 with vonBertalanffy growth curve.

Tier 5 random effects model:

• Model 13.4: Base model M = 0.34 (Growth derived)

• Model 24.2: Incorporates M = 0.417 (Longevity derived)
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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 (1991 – 2021).
• 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 September 22).
• Survey and fishery selectivity were modeled as logistic and 
constant over time.
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Age-structured models - Changes in the 
assessment methodology

• Natural mortality was estimated externally.

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

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

Presented at September (2024) meeting:

• Initial fishing mortality was estimated within the model.

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

• Fishery length composition extended to max = 143 cm 
(previously 117+ cm).
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Research suggests that longevity-based 
predictions of natural mortality rate are more 
precise than growth-based estimates 

• Longevity based estimator recently requested by SSC 
(Then et al. 2015).

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

• Aleutian Islands M = 0.417.
• Eastern Bering Sea M = 0.387.

• Since 2007, M = 0.34 estimated using growth (Jensen 
1996), and age-at-maturity of 4.9 years (Stark 2007).



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 18

Maturity curve
Maturity curve was updated 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% = 55.4 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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Data
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Aleutian Islands Pacific cod survey biomass 
1991 - 2024

AI survey biomass (total) AI survey biomass (by area)
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Survey data from 2024 – similar to 2022 
estimates
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Age structured models - Data sources and 
relative weight

*Data current through September 22, 2024

Catch: Complete data for 2023, 2024*. 
Fishery size compositions: Complete for 
2023, 2024*.

Survey: New survey index, standard error, 
and length composition data for 2024.
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Aleutian Islands Pacific cod catch history, with 
federal catches by gear type, from 1991-2024 
(through September 22)

Blue dot 
represents the 
ABC for 2024
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Sensitivity testing
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Sensitivity testing – M timeblock and 
growth 
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Improving fit to growth curve
• Incorporated Richards growth curve rather than von 
Bertalanffy.

• 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 curve
Model 24.1a

Richards growth curve
Model 24.1

• 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, 
survey, and total 
likelihood

Von BertalanffyRichards
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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

Number of days during which marine heatwave conditions persisted in a given year. Seasons are summer (Jun–Aug), fall 
(Sept – Nov), winter (Dec – Feb), spring (Mar – Jun). Years are shifted to include complete seasons so December of a 
calendar year is grouped with the following year to aggregate winter data (e.g., Dec 2020 occurs with winter of 2021). Data 
extends through Sep 2, 2023.
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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

Lemagie, E. and M. Callahan. 2024. Regional Sea Surface Temperature and Marine Heatwaves. In:  Ortiz, I. and S. Zador. 
2024. Ecosystem Status Report 2024: Aleutian Islands, Stock Assessment and Fishery Evaluation Report, North Pacific 
Fishery Management Council, 1007 West 3rd Ave., Suite 400, Anchorage, Alaska 99501.



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 31

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

M = 0.570 (estimated)

M = 0.417 (fixed)

Note improvements in total likelihood, 
survey likelihood, age comp likelihood, 
recruitment likelihood age comp likelihood  
and AIC 
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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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Model diagnostics
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One-step-ahead residuals, survey

Model 24.1 Model 24.0
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One-step-ahead residuals, fishery

Model 24.1 Model 24.0
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The Model 24.1 jitter diagnostic for global convergence conducted on the 
Aleutian Islands Pacific cod assessment. (10%)

• 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. (10%)

• 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 should always use base natural 
mortality

Natural mortality

Recruitment

Selectivity
Growth

Constant parameters:Time-varying parameters:

Model 24.1

Model 24.0
Constant parameters:Time-varying parameters:

Recruitment

Selectivity
Growth Natural mortality
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Climate mortality should not be used 
for forecasting.

Natural mortality
Fishing mortality

Climate mortality

Image credit: ParabolStudio | Shutterstock.com)

+ Climate mortality

Natural mortality
Fishing mortality
Total mortality

+
Natural mortality
Fishing mortality

Total mortality
+
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Forecasting for all models done with base 
parameters.

Natural mortality (2016 – 2024)
Recruitment
Growth
Selectivity
Natural mortality base value

Constant parameters:Time-varying parameters:

Model 24.1

Model 24.0
Constant parameters:Time-varying parameters:

Recruitment
Growth
Selectivity
Natural mortality base value

None
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Forecasting for all models done with base 
parameters.

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

• Forecasts used mean recruitment, selectivity, growth 
over all years they were estimated.
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Risk Table
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Assessment considerations
• Currently categorized as Tier 5 (requiring reliable biomass 
estimate and estimate of M).

•  We prefer the SSC adopt the age-structured assessment 
model (24.1) using Tier 3 because of 

1. Available estimates of recruitment, biomass, and SPR 
rates.

2. Tier 3 allows Council to be informed on the status 
determination of the stock.

Therefore, assessment concerns are level 1, no concern.
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Population dynamics considerations
• The long-term (1991-2024) trawl survey biomass trend is 
downward

• The 2024 index is the lowest of the time series. 
• Research indicates that Aleutian Islands cod have do not 
move out of the region and it is unlikely that the decline is 
due to emigration.

Therefore, population dynamics considerations were rated as 
level 2
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Environmental/Ecosystem Considerations

• Despite the cooler temperatures, and good quality small 
pollock, the fish condition of cod stayed similar to that in 
2022 as opposed to continue to improve. 

• This together with continued warm winter and potentially 
suboptimal foraging conditions in the western Aleutians 
suggests adverse signals relevant to the stock, but the 
pattern is not consistent across all areas.

Environmental/ ecosystem considerations were rated as level 
2 (multiple indicators showing consistent adverse signals 
across the same trophic level).



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 47

Fishery performance
• Market considerations, vessels selective about fishing 
locations to maximize CPUE. 

• Reduced catch unlikely to be a negative indicator.

Fishery performance considerations were rated as level 1
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Risk Table 
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Results
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A Kobe plot for Model 24.1 indicates a 97.6% 
probability that the stock status is between SSB8% 
and SSB35%, and that the fishing mortality rate is 
below F40%. 
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A Kobe plot for Model 24.1 indicates a 47.7% 
probability that the stock status is between SSB17.5% 
and SSB35%, 52.3% probability that the stock status 
is greater than SSB35%. 
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Phase plane diagram for Model 24.1
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Phase plane diagram for Model 24.0
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Tier 5 model comparison

13,376 t and 12,973 t were used in place of the Model 24.2 ABCs for 2025 and 2026.
These value are the Model 24.1 ABCs for 2025 and 2026.



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 55

Tier 3 models
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Summary table with a comparison of proposed 
2024 Model 24.1

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