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ÅAleutian Islands Pacific cod: Tier 5 with random 
effects model since 2013. 
ÅInitial age structured model presented by Grant 

Thompson in 2012.
ÅThe 2020 BSAI GPT recommended presentation 

of an age-structured assessment at the BSAI 
GPT  meeting in September 2021. 

Aleutian Islands cod model history



Model features (2021)

ÅOne fishery, one gear type, one season per year.
ÅSingle sex model.
ÅLogistic age-based selectivity for both the fishery 

and survey.
ÅExternal estimation of a single growth curve 

(vonBertalanffy) for length at age, weight at age.
ÅAn ageing error matrix for ages 1 through 10+.
ÅAll parameters constant over time except for 

recruitment and fishing mortality.



Model features (2021)

ÅInternal estimation of fishing mortality, catchability, 
and selectivity parameters.
ÅRecruitment estimated as a mean with lognormally

distributed deviations
ÅNatural mortality was fixed in the model using 

M=0.34 (and M = 0.4).
ÅSurvey catchabilitywas estimated within the model 

as a constant multiplier on fishery selectivity.
ÅMaturity at age was estimated using observer data, 

consistent with the Gulf of Alaska Pacific cod 
assessment.



Four age structured models.

ÅModel 19.0: Base model with M=0.34, 
maturity ogivederived from observer 
collections of maturity values from Aleutian 
Islands cod.

ÅModel 19.0a: Base model except M=0.40.

ÅModel 19.0b: Base model except Stark (2007) 
maturity ogive.

ÅModel 19.0c: Base model with no fishery 
length data likelihood.



Survey biomass in the Aleutian Islands 
declined after 1990, stable since 2010.



Fishery catches have remained at a 
relatively low level since 2011.



Catch by area is highest in the eastern 
Aleutian Islands.



Length frequencies for Pacific cod caught 
in the Aleutians by fishery (1990-2021) 

and survey (1991-2018) 



Proportion of fishery lengths taken by 
month for each gear type, 1990-2021
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Avg: 19% in May-Dec.



Length frequency by age of cod collected 
from surveys from 1990-2018



Data used in the model

Model starts in 1991.
Last year of fishery lengths was 2020 (very few records 

from 2021).



Survey age data used in the model.

ÅGrowth estimated from length and age 
data from AI surveys from 1991 to 2016. 

ÅAll otoliths were aged after 2007, as 
there was a shift in our understanding of 
the first two checks deposited at early 
ages in Pacific cod.

ÅPrior to 2007 they were thought to be 
true annuli, but subsequently 
determined not to be. 



Length at age

Stratified otolith collections are typically adjusted for survey 
length frequencies for which there is typically much more data, 
which are assumed to be a better representation of length 
frequencies in the population than lengths of the aged fish.

There are 489,000 length observations from surveys 1991-2016.



Otolith sampling methodology for AI 
surveys 1991-2018

Year Otolith sampling method

1991 Stratified random

1994 Sub-sampled from original random sample and stratified by size

1997 Stratified by size

1997 Stratified random

1997 Selectively sampled

1997 Sub-sampled from original random sample and stratified by size

2000 Stratified by size

2002 Stratified by size

2004 Sub-sampled from original random sample and stratified by size

2006 Stratified sex/length/area

2010 Stratified sex/length/area

2012 Stratified sex/length/area

2014 Stratified sex/length/area

2016 Randomly selected

2016 Stratified sex/length/area

2018 Randomly selected



Raw lengths at age and vonBertalanffy
growth curves (corrected vs. not for 

population length frequencies)



Length ςage conversion matrix for AI 
Pacific cod 



Length-weight relationship for AI 
Pacific cod



Maturity estimation

ÅStark (2007) 129 female fish from Unimak Pass in 
February 2003. 
ï 50% maturity at 4.88 years, 58 cm. 

Å1,331 observer records of maturity at length 
collected since 2008 during January-March. 
ï Maturity at length relationship fit to the data.

ï Converted to maturity at age using length age 

ï conversion matrix.



Proportion mature by age, using Stark 
(2007) and observer maturity at length data



Data weighting

ÅSurvey ages compositional data weighted by 
number of hauls in each year.

ÅFishery length compositional data weighted by 
the number of lengths per year, such that the 
average was 10.

Stewart and Monahan 2017



Four models fit to survey biomass



Model fit to age frequencies



Recruitment (Model 19.0)



Biomass (Model 19.0)



Key parameters from the 4 models



Key parameters from the 4 models


