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Executive summary

Harvest specifications for Aleutian Islands (AI) Pacific cod have been based on Tier 5 methodology since
the AT and eastern Bering Sea (EBS) stocks were first managed separately in 2014. Several age-structured
models of this stock have been explored in assessments since that time. This document presents three age
structured models for the Aleutian Islands Pacific cod stock using data from 1991 through 2023 (Model 23.0,
23.1, and 23.2) as well as a Tier 5 harvest specification model. A version of these models was presented to
the BSAI Plan Team in September, 2023 and to the SSC in October, 2023.

Summary of changes in assessment inputs

The following substantive changes have been made in the Aleutian Islands Pacific cod age structured
assessment relative to the November 2022 assessment.

Changes in the input data (age structured models) A version of this model was presented in 2022,
with the following data used in the 2022 model and updated for the most recent year.

o Realized catches for 1991 - 2022 were used (through October 20, 2023), as well as a preliminary catch
estimate through December 31, 2023.

e Commercial fishery size compositions for 1991 - 2022, as well as preliminary size composition from the
2023 commercial fisheries.

e Aleutian Islands trawl survey biomass index and size compositions from the 1991 - 2022 (there was no
survey in 2023).

e Aleutian Islands trawl survey age composition from the 1991 - 2022.

Changes in the input data (Tier 5 model)

e There has been no change to the input data for Tier 5 model; it uses existing biomass estimates from
1991 - 2022 and the natural mortality estimate used in past models is retained for 2023.

Changes in the assessment methodology

o Model 13.4: is the Tier 5 random effects model implemented using the REMA package (Sullivan et
al. 2022).

The age structured models presented here incorporate fishery data as a single fishery from 1991 - 2023. The
single fishery combined catch data over trawl, pot, and longline gear. Survey age and length data were
input as conditional age-at-length. Survey and fishery selectivity were modeled as constant over time and
logistic, except in Model 23.1, which incorporated time blocks on fishery selectivity. More details on model
specifications are given in the Model Structure and Parameter Estimation sections.
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e Model 23.0: This model incorporates three time blocks on the growth parameter K, with breakpoints at
2003 and 2017. The first breakpoint accounts for a shift in growth determined using the methodology
of Kapur et al. (2019). The second breakpoint was implemented to account for a shift to warmer
temparatures during the past decade (Xiao and Ren 2022).

e Model 23.1: This model is similar to Model 23.0, except it incorporates five timeblocks on the fishery
selectivity parameter for ascending width, corresponding with shifts in the gear targeting Pacific cod.
Selectivity breakpoints were set at 2002, 2012, 2016, and 2019.

e Model 23.2: This model is similar to Model 23.0, except there are two timeblocks on the growth
parameter K with a breakpoint at 2003. There are also two timeblocks on natural mortality with a

breakpoint in 2015 corresponding to the shift to warmer temperatures during the past decade (Xiao
and Ren 2022).

Summary of Results

All three age structured models presented here (Model 23.0, 23.1, and 23.2) fit the survey index and length
composition data well, achieved acceptable retrospective patterns, and improved upon the models presented
in September 2023 and November 2022. All models provided similar estimates of biomass, natural mortality,
and reference points (Table 2A.1, Table 2A.2, and Table 2A.3). In addition, the three models had similar
AIC values, with the lowest AIC in Model 23.2, followed by Model 23.1. Model 23.0 produced an acceptable
Mohn’s rho, 0.17; Model 23.1 produced a smaller retrospective pattern, 0.14, and Model 23.2 produced the
best Mohn’s rho = 0.06. Of the two models recommended by the September, 2023 Plan Team meeting,
Model 23.0 and 23.1, Model 23.1 would be the preferred model, due to a lower AIC value and acceptable
retrospective pattern. However, Model 23.2 provides the best fit to the data, produced the lowest AIC of all
models, and the best retrospective pattern and lowest absolute value Mohn’s rho. In addition, the assumption
that increased natural mortality due to higher temperatures is supported by evidence, whereas there is no
evidence for a shift in growth during the past decade (as assumed by Models 23.0 and 23.1). Model 23.2
retains two time blocks on growth with a break at 2003, reflecting a documented change in growth. Model
23.2 also implements a time block on natural mortality with a break in 2015, roughly corresponding with the
thermal regime shift in 2013/2014 (Xiao and Ren 2022). This model estimated a total biomass of 54,160 t for
2024. Model 23.2 ABCs were 3,655 t and 5,894 t for 2024 and 2025. Model 23.2 OFLs were 4,347 t and 7,031
t for 2024 and 2025. The Tier 5 ABCs and OFLs for 2024 and 2025 are the same as estimated in 2022, due
to no new survey data. The 2022 (and 2023) random effect estimates of biomass represent a 37% decline
from the estimate based on the 2018 Aleutian Islands survey. Model 13.4 incorporates this biomass estimate
directly in the calculation of reference points; therefore, the random effects model estimated an exploitable
biomass of 54,166 t, which resulted in OFLs (18,416 t) and ABCs (13,812 t) for 2024 and 2025.

Catch of Pacific cod as of October 20, 2023 was 7,311 t. Over the past 5 years (2018 - 2022), 92.6% of the
catch has taken place by this date. Therefore, the full year’s estimate of catch in 2023 was extrapolated to be
7,898 t. This is lower than the average catch over the past five years of 15,936 t.

All models and detailed results are publicly available and can be found at https://github.com/afsc-
assessments/Al_PCOD.

We recommend the Tier 3b assessment Model 23.2 for management quantities and no additional reduction in
ABC due to Risk Table concerns.

Summary table for Model 13.4.
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As estimated or specified | As estimated or recommended
last year for: this year for:

Quantity 2023 2024 2024 2025
M (natural mortality rate) 0.34 0.34 0.34 0.34
Tier 5 ) 5 5
Biomass (t) 54,165 54,165 | 54,166 54,166
Forr 0.34 0.34 0.34 0.34
maxFapo 0.255 0.255 | 0.255 0.255
Fupce 0.255 0.255 | 0.255 0.255
OFL 18,416 18,416 | 18,416 18,416
maz ABC 13,812 13,812 | 13,812 13,812
ABC 13,812 13,812 | 13,812 13,812
Status 2021 2022 2022 2023
Overfishing No n/a No n/a

Summary table for Model 23.2. Natural mortality is provided for two time blocks, 1991-2015, followed by

2015-2023.
As estimated or specified | As estimated or recommended
last year for: this year for:

Quantity 2023 2024 2024 2025
M (natural mortality rate) 0.34 0.34 | 0.32, 0.49 0.32, 0.49
Tier 5 5 3b 3b
Projected total (age 1+) biomass (t) 54,165 54,165 54,160 61,363
Projected female spawning biomass (t) - - 19,187 21,137
Bioow - - 79,434 79,434
Baow - - 31,773 31,773
B, - - 927,802 927,802
Forr 0.34 0.34 0.169 0.241
marFapc 0.255 0.255 0.141 0.2
Fape 0.255 0.255 0.141 0.2
OFL 18,416 18,416 4,347 7,031
mazABC 13,812 13,812 3,655 5,894
ABC 13,812 13,812 3,655 5,894
Status 2021 2022 2022 2023
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

Responses to SSC and Plan Team comments on Assessments in General

SSC December 2022

The SSC appreciates the innovative work being done by the assessment authors through random effects
(RE) modeling, by treating area-specific process variation as a random effect to properly weight and, where
appropriate, consistently weight, the variation across areas. If not currently included in assessments, the SSC
requests full documentation of the justification for the weighting schemes applied.

Authors’ response
While this model used REMA, this comment does not apply.
SSC December 2022
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The SSC reminds authors and PTs to please bring forward and respond to SSC comments from previous
assessments, particularly where updates with minimal change to the assessment have been conducted in the
intervening year(s).

Authors’ response

Noted.

Responses to SSC and Plan Team comments specific to this assessmemt
SSC December 2022

The SSC supports the PT recommendation for continued efforts to develop a viable age-structured assessment
model framework for this stock and retaining the annual assessment cycle at this time. However, the SSC
encourages the authors and PT to consider whether this stock might be a viable candidate for reduced
assessment frequency given the timing of available survey information and the opportunity for more model
development in off-cycle years.

Authors’ response
The authors agree that reduced assessment frequency would be appropriate for a tier 3 model.
SSC December 2022

The SSC notes that the majority (65.8%) of harvest is taken during the January-April spawning season
while fish are aggregated, during which the majority of harvest comes from trawl (40.5%) and pot (58.3%)
gears. However, the fishery length composition data are collected primarily from the longline and trawl fleets.
The SSC encourages the authors to work with the observer program to identify whether it is possible to
collect additional length composition data from the pot fleet to ensure representative composition samples
are available to inform continued development of fleet-disaggregated models such as 22.1. Otherwise, the
data may not support a fleet-specific model.

Authors’ response

The authors have worked with the observer program and ADFG to obtain additional length samples. As of
2023, length composition data from the pot fleet is still low.

SSC' December 2022

The SSC is encouraged by the authors’ progress in developing age-structured models for this stock and offers
the following suggestions for future development:

If the fleet disaggregated model 22.1 is pursued in the future, the SSC encourages consideration of dome-shaped
selectivity for the HAL fleet, given the observed differences in size compositions among fleets.

Authors’ response The fleet aggregated was pursued in the 2023 assessment.

SSC December 2022 1f the fleet-aggregated model 22.0 is pursued in the future, the SSC encourages the authors
to explore the potential for time-varying fishery selectivity as one option for addressing the retrospective
pattern, and changes in fishing behavior and gear use over time.

Authors’ response Time-varying fishery selectivity was incorporated into Model 23.1.

SSC December 2022 Given the uncertainty of the AI bottom trawl survey, a version of 22.0 that includes the
AFSC longline survey and/or IPHC survey data could be a viable alternative

Authors’ response The longline survey was incorporated into September models and deemed a poor proxy for
Pacific cod abundance in the Aleutian Islands. Therefore, it is not included in the proposed models for 2023.

SSC December 2022 With respect to future use of the Tier 5 assessment method, the SSC supports the
PT recommendation to consider a hybrid approach where the natural mortality estimated by a Tier 3
age-structured model is used for Tier 5 harvest specification.
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Authors’ response The age structured models provide a consistent estimate of natural mortality. Age structured
models provide a much more comprehensive picture of the state of the stock than the random effects model,
which simply fits the survey biomass indices. We recommend moving this assessment to a Tier 3 approach.

Plan Team November 2023 The Plan Team recommended two age structured models for November, 1. A
model with time varying growth and 2. A model with time varying growth as well as time varying selectivity.

Authors’ response Model 23.0 and 23.1 incorporate time varying growth. Model 23.1 also incorporates time
varying fishery selectivity. It became apparent during the model building process that previous retrospective
patterns are the result of retrospective peels poorly fitting a downaward trend in spawning biomass. A time
block on growth in Models 23.0 and 23.1 allowed the model to accomodate survey indices during the past
5-10 years, but there was not evidence for a change in growth patterns during that time. Therefore, a third
model is presented here, Model 23.2, which retains two time blocks on growth with a break at 2003, reflecting
a documented change in growth. Model 23.2 also implements a time block on natural mortality roughly
corresponding with the thermal regime shift in 2013/2014 (Xiao and Ren 2022). All three Aleutian regions
experienced a warm 2023 with waters in or near moderate MHW status beginning in winter, fewer heatwaves
but temperatures still above average during spring and early summer, and a return to heatwave conditions in
late summer. Generally, all three regions have trended towards anomalously warm (>1 standard deviation
from the long term mean) conditions over the last 10 years, as well as a marked increase in heatwave days
(Figure 2A.1, Satellite SST and MHW, AI ESR 2023).

As presented in the Ecosystems Considerations section, Pacific cod are typically found between 3.5-5.7°C
(range 2.8 to 6.90 C) and an average depth of 164 m (range 22 — 435) in the Aleutian Islands based on data
from the bottom trawl survey. Higher ambient temperatures incur bioenergetic costs for ectothermic fish.
However, Holsman and Aydin (2015) found adult Pacific cod consumption in the Aleutian Islands increases
up to 40 C and decreases past 5°C. Pacific cod are known to be highly sensitive to temperatures outside
their preferred range (2-8 C) and have been shown to experience higher natural mortality under higher
than optimal temperatures (Barbeaux et al. 2018, Barbeaux et al. 2020). Therefore, there is evidence to
expect that natural mortality would increase in Aleutian Islands cod during the recent periods of higher
temperatures (~2015).

Introduction

Pacific cod (Gadus macrocephalus) ranges across the northern Pacific Ocean from Santa Monica Bay, California,
northward along the North American coast, Gulf of Alaska, Aleutian Islands, and Bering Sea north to Norton
Sound; and southward along the Asian coast from the Gulf of Anadyr to the northern Yellow Sea. Cod
occurs at depths from shoreline to 500 m (Ketchen 1961, Bakkala et al. 1984). The southern limit of the
species’ distribution is about 34°N latitude, and until recently its northern limit was approximately 65°N
latitude (Stevenson and Lauth 2019). However, in recent years Pacific cod has been observed in the Chukchi
sea (Cooper et al. 2023). Pacific cod is distributed widely over the eastern Bering Sea (EBS) as well as
in the Aleutian Islands (AI) area. In 2017, large scale movement was noted into the northern Bering Sea
(NBS) by Eastern Bering Sea stocks (Spies et al. 2020). Tagging studies (e.g., Shimada and Kimura 1994)
have demonstrated significant migration both within and between the EBS, AI, and Gulf of Alaska (GOA).
Pacific cod likely return to their natal origin to spawn during winter months (January - April) but perform
feeding migrations during other months. Genetic research indicates the existence of discrete spawning stocks
in the EBS and AI, and the genetic distinctiveness of the Aleutian Islands stock (Cunningham et al. 2009,
Canino et al. 2010, Spies 2012, Spies et al. 2022). High assignment success (>80%) was demonstrated among
five spawning populations of Pacific cod throughout their range off Alaska using 6,425 single-nucleotide
polymorphism (SNP) loci (Drinan et al. 2018). The three spawning groups examined in the Gulf of Alaska,
Hecate Strait, Kodiak Island, and Prince William Sound, were all genetically distinct and could be assigned
to their population of origin with 80-90% accuracy (Fig. 2.4; Drinan et al. 2018).

Separate harvest specifications for Pacific cod have been set for the Bering Sea and Aleutian Islands regions
since the 2014 season. Pacific cod were managed in the combined EBS and AI (BSAI) region from 1977
through 2013.

NPFMCBering Seaand AleutianlslandsSAFE
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Life history

Pacific cod in the EBS form large spawning aggregations, and typically spawn once per year (Sakurai and
Hattori 1996, Stark 2007), between February and April (Neidetcher et al. 2014). Shimada and Kimura (1994)
identified major spawning areas between Unalaska and Unimak Islands, and seaward of the Pribilof Islands
along the shelf edge. Neidetcher et al. (2014) identified spawning concentrations north of Unimak Island, in
the vicinity of the Pribilof Islands, at the shelf break near Zhemchug Canyon, and adjacent to islands in the
central and western Aleutian Islands along the continental shelf. Pacific cod are known to undertake seasonal
migrations as part of an annual migration between summer feeding grounds and winter spawning grounds,
the timing and duration of which may be variable (Savin 2008). Travel distances have been observed in
excess of 500 nautical miles (nmi), with a large number of travel distances in excess of 100 nmi (Shimada and
Kimura 1994). Eggs hatched between 16-28 days after spawning in a laboratory study, with peak hatching on
day 21 (Abookire et al. 2007, Hurst et al. 2009). Settlement in the Gulf of Alaska is reported to occur from
July onward (Blackburn and Jackson 1982, Abookire et al. 2007, Laurel et al. 2007), which, given a mean
spawning date of mid-March (Neidetcher et al. 2014), and assuming that settlement occurs immediately after
transformation, and subtracting about 20 days for the egg stage, implies that the larval life stage might last
about 90 days. In the laboratory study by Hurst et al. (2010), postflexion larvae were all younger than 106
days post-hatching, and juveniles were all older than 131 days post-hatching, so it might be inferred that
transformation typically takes place between 106 and 131 days after hatching.

Several studies have demonstrated an impact of temperature on survival and hatching of eggs and development
of embryos and larvae (e.g., Laurel et al. 2008, Hurst et al. 2010, Laurel et al. 2011, Laurel et al. 2012, Bian
et al. 2014, Bian et al. 2016). Recruitment of Pacific cod has been shown to be influenced by temperature
(e.g., Doyle et al. 2009, Hurst et al. 2012). Pacific cod eggs are demersal (Thomson 1963). After hatching,
Pacific cod larvae move quickly to surface waters (Rugen and Matarese 1988, Hurst et al. 2009), and appear
to be capable of traveling considerable distances. Rugen and Materese concluded that larval Pacific cod were
transported from waters near the Kenai peninsula and Kodiak Island to locations as far as Unimak Island. In
the Gulf of Alaska, it is thought that movement of larvae has a significant shoreward component (Rugen and
Materese, Abookire et al. 2001 and 2007, Laurel et al. 2007) but it is not obvious that this is always the case
elsewhere in the species’ range (Hurst et al. 2012). For example, Hurst et al. (2015) found that age-0 Pacific
cod in the EBS were most abundant in waters along the Alaska peninsula to depths of 50 m.

Cold environments allow Pacific cod larvae to bridge gaps in prey availability (i.e., timing and magnitude),
but negatively impact survival over longer periods (Laurel et al. 2011). Under warmer conditions, mismatches
in prey significantly impacted growth and survival; however, both yolk reserves and compensatory growth
mechanisms reduced the severity of mismatches occurring in the first 3 weeks of development (Laurel et
al. 2011). Larval retention of Pacific cod during the month of April appears to be important to late spring
abundance in the Gulf of Alaska, but it is unknown whether this result holds elsewhere in the species’ range
(Doyle et al. 2009).

Juvenile Pacific cod typically settle near the seafloor (Abookire et al. 2007, Laurel et al. 2007). Some studies
of Pacific cod in the Gulf of Alaska, and also some studies of Atlantic cod, suggest that young-of-the-year cod
are dependent on eelgrass, but this may not be the case elsewhere in the species’ range. Key nursery habitat
for age-0 Pacific cod across most of its range typically consists of sheltered embayments. Age-0 Pacific cod
have also been observed in the shelf-pelagic zone (Hurst et al. 2012, Parker-Stetter et al. 2013). Habitat
use of age-0 Pacific cod in the EBS occurs along a gradient from coastal-demersal (bottom depths < 50 m)
to shelf-pelagic (bottom depths 60-80 m), with densities near the coastal waters of the Alaska peninsula
much higher than elsewhere (Hurst et al. 2015). Hurst et al. (2012) found evidence of density-dependent
habitat selection at the local scale, but no consistent shift in distribution of juvenile Pacific cod in response to
interannual climate variability. Habitat use by age-0 Pacific cod in the EBS may be related to temperature
and the distribution of large-bodied demersal predators (Hurst et al. 2015). Similarly, the habitat distribution
of age-0 Atlantic cod is influenced by predators (Gotceitas et al. 1997).

Leslie matrix analysis of a Pacific cod stock occurring off Korea estimated the instantaneous natural mortality
rate of 0-year-olds at 2.49% per day (Jung et al. 2009). This may be compared to a mean estimate for age-0
Atlantic cod (Gadus morhua) in Newfoundland of 4.17% per day, with a 95% confidence interval ranging
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from about 3.31% to 5.03% (Robert Gregory, DFO, pers. commun.); and age-0 Greenland cod (Gadus ogac)
of 2.12% per day, with a 95% confidence interval ranging from about 1.56% to 2.68% (Robert Gregory and
Corey Morris, DFO, pers. commun.).

The most recent genomic analysis of Pacific cod includes a new publication that used pooled whole genome
sequencing (Pool-Seq), as well as a new study conducted during 2021 and 2022 that used low coverage whole
genome sequencing (IcWGS). The Pool-Seq manuscript (Spies et al. 2022) is the culmination of several years
of effort, while the IcWGS is more recent and provides a more powerful approach to gather individual-based
sequence data from the whole genome. Here, we focus on how the two studies contribute to our knowledge of
the population structure of Pacific cod throughout Alaskan waters.

Low-coverage whole-genome sequencing analysis of 429 samples of Pacific cod from known spawning regions
during spawning season indicated population structure similar to what was previously known, but with finer
resolution and greater power owing to the larger number of markers. Using 1,922,927 polymorphic SNPs
(Figure 1), the pattern of population structure mostly resembles isolation-by-distance, in which samples from
proximate spawning areas are more genetically similar than samples from more distant areas. Isolation-by-
distance was observed from western Gulf of Alaska (Kodiak and the Shumagin Islands) through Unimak
Pass and the eastern Aleutian Islands. Previous studies have reported an isolation-by-distance pattern in
Pacific cod using microsatellite markers (Cunningham et al. 2009 and Spies 2012) and reduced-representation
sequencing (Drinan et al. 2018). Within the isolation-by-distance pattern, there were some distinct breaks in
the population structure. The most significant genetic break occurs between western and eastern Gulf of
Alaska (GOA) spawning samples, and was supported by previous research that highlighted the zona pellucida
gene region (Spies et al. 2021). Aleutian Island populations are highly diverged at a few genomic regions that
we believe are adaptively significant (Spies et al. 2022, Figure 2). These adaptive differences provide further
support for the Aleutian Island management unit that was established as distinct from the Bering Sea in
2013.

Adult Pacific cod in the EBS are strongly associated with the seafloor (Nichol et al. 2007), suggesting that
fishing activity has the potential to disturb habitat. Diel vertical migration has also been observed (Nichol
et al. 2013). Patterns varied significantly by location, bottom depth, and time of year, with daily depth
changes averaging 8 m. Although little is known about the likelihood of age-dependent natural mortality in
adult Pacific cod, it has been suggested that Atlantic cod may exhibit increasing natural mortality with age
(Greer-Walker 1970). At least one study (Ueda et al. 2006) indicates that age 2 Pacific cod may congregate
more, relative to age 1 Pacific cod, in areas where trawling efficiency is reduced (e.g., areas of rough substrate),
causing their selectivity to decrease. Also, Atlantic cod have been shown to dive in response to a passing
vessel (Ona and Godg 1990, Handegard and Tjgstheim 2005), which may complicate attempts to estimate
catchability (q) or selectivity. It is not known whether Pacific cod exhibit a similar response.

Fishery

Description of the directed fishery

During the early 1960s, Japanese vessels began harvesting Pacific cod in the Aleutian Islands. However, these
catches were not large, and by the time the Magnuson Fishery Conservation and Management Act went into
effect in 1977, foreign catches of Pacific cod in the AI had not exceeded 4,200 t (Table 2A.4). Joint venture
fisheries began operations in the AI in 1981, and peaked in 1987, with catches totaling over 10,000 t. Foreign
fishing for AI Pacific cod ended in 1986, followed by an end to joint venture fishing in 1990 (Table 2A.5).
Domestic fishing for AT Pacific cod began in 1981, with a peak catch of over 43,000 t in 1992 (Table 2A.6).

Presently, the Pacific cod stock is exploited by a multiple-gear fishery, including pot, trawl and longline
components (Figure 2A.2). Pacific cod in the Aleutian Islands are exploited in the federal and state fisheries.
The management quantities in this document pertain to the federal fishery; however, a proportion of the
federal quota is allocated to the state fishery. In 2023, 61% of the catch was taken in the state fishery (Figure
2A.2). In 2023 (as of October 20, 2023), the federal fishery consisted of 6% pot gear, 2% longline gear, and
92% trawl gear. The state fishery consisted of 87% pot gear, 0% longline gear, and 13% trawl gear.
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Historically, Pacific cod were caught throughout the Aleutian Islands. For the last five years prior to enactment
of additional Steller sea lion (Fumetopias jubatus) protective regulations in 2011, the proportions of Pacific
cod catch in statistical areas 541 (Eastern AI), 542 (Central AI), and 543 (Western AI) averaged 58%,
19%, and 23%, respectively. For the period 2011-2014, the average distribution has was 84%, 16%, and 0%,
respectively. In 2015, area 543 was reopened to limited fishing for Pacific cod (see “Management History”
below). The average catch distribution for 2019-2023 (through October 20, 2023) was 61% from the eastern
Aleutian Islands (NMFS area 541), 29% from the central Aleutian Islands (NMFS area 542), and 10% from
the western Aleutian Islands (NMFS area 543).

Catches of Pacific cod taken in the AT for the periods 1964-1980, 1981-1990, and 1991-2023 are shown in
Table 2A.4, Table 2A.5, and Table 2A.6, respectively. The catches in Table 2A.4 and Table 2A.5 are broken
down by fleet sector (foreign, joint venture, domestic annual processing). The catches in Table 2A.5 are also
broken down by gear to the extent possible. The catches in Table 2A.6 are broken down by gear. Table 2A.7
breaks down catches from 1994-2023 by statistical area (area breakdowns not available prior to 1994), both
in absolute terms and as proportions of the yearly totals.

Effort and CPUE

CPUE aggregated over gear types for the number and weight of fish show similar trends, indicating that
there has been no large shifts in the weight of individual fish (Figure 2A.3). CPUE has decreased by all
metrics since approximately 2015, including seasonally by trawl gear and for longline gear (Figure 2A.4).
Recent declines in CPUE may be attributed to the timing of the fishery relative to spawning season or other
factors such as hyperaggregation during spawning in the trawl fishery (Rose and Kulka 1999). Standardized
surveys are needed to understand whether declines in fishery CPUE represent declines in Aleutian Islands
Pacific cod stock size. Recent declines in CPUE may also be due to less effort in targeted Pacific cod fishing.
The amount of targeted Pacific cod fishing has decreased since 2018, but the catch in the atka mackerel and
rockfish fisheries has remained the same or increased (Figure 2A.5).

Discards

The catches shown in Table 2A.5 and Table 2A.6 include estimated discards. Discard amounts and rates of
Pacific cod in the AI Pacific cod fisheries are shown for each year 1993-2023 in Table 2A.8. Amendment 49,
which mandated increased retention and utilization of Pacific cod, was implemented in 1998. From 1991-1998,
discard rates in the Pacific cod fishery averaged about 5.6%. Since 1998, they have averaged about 1.0%.

Management History

Appendix 1 from the 2021 Aleutian Islands stock assessment and fishery evaluation lists implemented
amendments to the BSAI Groundfish FMP that reference Pacific cod explicitly.

History with Respect to the EBS Stock

Prior to 2014, the Al and EBS Pacific cod stocks were managed jointly, with a single TAC, ABC, and OFL.
Beginning with the 2014 fishery, the two stocks have since been managed separately.

The history of acceptable biological catch (ABC), overfishing level (OFL), and total allowable catch (TAC)
levels is summarized and compared with the time series of aggregate (i.e., all-gear, combined area) commercial
catches in Table 2A.9. Note that, prior to 2014, this time series pertains to the combined BSAI region, so the
catch time series differs from that shown in Table 2A.4, Table 2A.5, and Table 2A.6, which pertain to the Al
only. Total catch has been less than the OFL in every year since 1993. Instances where catch exceeds TAC
can typically be attributed to the fact that the catches listed in Table 2A.9 are total catches (i.e., Federal
plus State), whereas the TAC applies only to the Federal catch.

In the 10 years that AI Pacific cod have been managed separately from EBS Pacific cod, the ratio of Federal
catch to TAC has ranged from 0.35 to 0.96. The catch/TAC ratio in 2023 (complete through October 26)
was 0.35, which is the lowest ratio observed since 2014.
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ABCs were first specified in 1980. Prior to separate management of the AT and EBS stocks in 2014, TAC
averaged about 83% of ABC, and aggregate commercial catch averaged about 92% of TAC (since 1980).
Changes in ABC over time are typically attributable to three factors: 1) changes in resource abundance,
2) changes in management strategy, and 3) changes in the stock assessment model. Because ABC for all
years through 2013 were based on the EBS assessment model (with an expansion factor for the AI), readers
are referred to the Eastern Bering Sea Pacific cod stock assessment for a history of changes in that model
(Thompson et al. 2019). During the period of separate AT and EBS management, the assessment of the Al
stock has been based on a simple, random effects (Tier 5) model.

History with Respect to the State Fishery

Beginning with the 2006 fishery, the State of Alaska managed a fishery for Al Pacific cod inside State waters,
with a guideline harvest level (GHL) equal to 3% of the BSAT ABC. Beginning with the 2014 fishery, this
practice was modified by establishing two separate GHL fisheries, one for the Al and one for the EBS. The
table below shows the formulas that have been used to set the State GHL for the Al.

Year Formula
2014 0.03*(EBS ABC + AI ABC)
2015 0.03*(EBS ABC + AI ABC)
2016 0.27*AI ABC
2017 0.27*AI ABC
2018 0.27*AI ABC
2019 0.31*AI ABC

2020 0.35*%AI ABC or 6,804 t, whichever is less
2021 0.39*AI ABC or 6,804 t, whichever is less
2022 0.39*AI ABC or 6,804 t, whichever is less
2023  0.39*AI ABC or 6,804 t, whichever is less

If 90% of the Aleutian Islands GHL is harvested by November 15 of the preceding year, the GHL increases
by 4%. However, the GHL cannot exceed 39% or 6,804 t. If the 2024 ABC remains at the value that was
specified last year (13,812 t), the above formula would result in a GHL of 5,386 t in 2024, which is the
maximum allowed (39%) of the ABC. The total caught in the state fishery by October 20, 2023 was 4,511 t
(Table 2A.6). During the period in which a State fishery has existed: 1) TAC has been set so that the sum of
the TAC and GHL would not exceed the ABC, 2) catch in the Federal fishery has been kept below TAC, and
3) total catch (Federal+State) has been kept below ABC.

History with Respect to Steller Sea Lion Protection Measures

The National Marine Fisheries Service (NMFS) listed the western population segment of Steller sea lions as
endangered under the ESA in 1997. Since then, protection measures designed to protect potential Steller sea
lion prey from the potential effects of groundfish fishing have been revised several times. One such revision
was implemented in 2011, remaining in effect through 2014. This revision prohibited the retention of Pacific
cod in Area 543. The latest revision, implemented in 2015, replaced this prohibition with a “harvest limit”
for Area 543 determined by subtracting the State GHL from the AI Pacific cod ABC, then multiplying the
result by the proportion of the AI Pacific cod biomass in Area 543 (see “Area Allocation of ABC,” under
“Harvest Recommendations,” in the “Results” section).

Data

This section describes data used in the model presented in the Aleutian Islands Pacific cod stock assessment.
The data used in the age structured models include fishery catch and size compositions, survey biomass
and standard error, and age compositions from survey data (Table 2A.10 and Figure 2A.6). Partial catch
information for 2023 was available and was extrapolated to estimate the catch for the full year. On average,
92.6 % of the annual catch occurs by this date, as estimated by catch statistics in 2018 - 2022. The catch of
Pacific cod in the Aleutian Islands as of the end of October, 2023, was 7,898 t.
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The data used in the Tier 5 Model included biomass estimates and associated error for the NMFS Aleutian
Island research surveys, 1991-2022 (Table 2A.11).

Survey

The National Marine Fisheries Service (NMFS) conducts biennial daytime summer trawl surveys in the
Aleutian Islands. Survey biomass is estimated by extrapolating the weight from individual trawls with the
measured path of the trawl area to the total area surveyed. The net used in the Aleutian Islands survey is
a high-rise poly-Noreastern 4 seam bottom trawl (27.2 m headrope, 36.8 m footrope) (Nichol et al. 2007).
Survey biomass estimates and standard error for Pacific cod are available for the survey years 1991, 1994,
1997, 2000, 2002, 2004, 2006, 2010, 2012, 2014, 2016, 2018, and 2022 (Table 2A.12). Aleutian Islands surveys
prior to 1991 were not used in the model because they were not standardized to current survey methodology;
therefore, data from the 1980, 1983, and 1987 surveys were excluded. Survey data includes NMFS areas 541,
542, and 543. The Aleutian Islands bottom trawl survey does include NMF'S areas 518 and 519, but these
were not included in data for this model.

Survey age data is available for each survey, 1991-2022. The number of cod aged from the survey has ranged
between 500 and 1,200 and the number of hauls ranges from 76-173 (Table 2A.13). Length composition data
from the fishery and surveys was also used in the model (Figure 2A.6).

The time series of NMFS bottom trawl survey biomass is shown for Areas 541-543 (Eastern, Central, and
Western Al, respectively), together with their respective coefficients of variation, in Table 2A.11. These
estimates pertain to the Aleutian management area, and so are smaller than the estimates pertaining to the
Aleutian survey area that were reported in BSAI Pacific cod stock assessments prior to 2013. Over the long
term, the survey biomass data indicate a decline, and the 2022 estimate of biomass is the lowest in the time
series. The total biomass estimate for Pacific cod in the Aleutian Islands declined from over 180,000 t in 1991
to 51,539 t in the current year. Recent declines took place in the eastern Aleutians (>50% decline) and in
the central Aleutians (32% decline) from the last survey in 2018 to the current survey in 2022. The western
Aleutian Islands stock of Pacific cod increased from 11,425 t to 13,661 t (20% increase) between 2018 and
2022 (Figure 2A.7).

The longline survey was not incorporated into the Tier 5 model or the age stuctured models, but the index is
provided (Table 2A.12). The longline survey was designed to target sablefish, and how well it documents the
abundance of Pacific cod is uncertain. Further discussion on this topic is presented in the Risk Table.

Fishery

There are three predominant gear types in the Aleutian Islands Pacific cod fishery; pot, trawl, and longline,
which are implemented at different times of the year (Figure 2A.8). During spawning season (January -
April), mature Pacific cod aggregate for spawning at known locations. During these months, over the past 5
years (January 1, 2019 - October 20, 2023), pot and trawl gear were primarily used (1.3% longline, 33.8%
trawl, 64.8% pot). After spawning, Pacific cod tend to disperse for feeding; during May through December,
cod were primarily caught with longline gear, followed by trawl and pot gear (51.5% longline, 45.1% trawl,
3.4% pot). While the spawning season is approximately half the time of non-spawning (4 vs. 8 months), the
majority, 67.1%, of the annual catch (January 1, 2019 - October 31, 2023) took place during spawning season.

Catches have exceeded TAC harvest recommendations in five of the nine years since 2013, but have never
exceeded the OFL (Table 2A.9).

Length frequencies from the fishery

Fishery lengths are taken throughout the year by observers during commercial fishing operations (Figure
2A.8). The length frequency composition ranges from approximately 40-120 cm and varies over time (Figure
2A.9, Figure 2A.10). Length frequency also varies by season, with mature fish typically caught in the winter
surveys. Observer length records are taken during summer/non-spawning (May-December) and during
winter /spawning (January-April) on boats using all gear types. The number of hauls from which length
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observations from catch data by year is shown in Table 2A.14. Most lengths by fisheries observers have been
collected on longline and trawl vessels (Table 2A.14).

Starting in 2019, Pacific cod net excluders were implemented in EBS summer trawl fisheries to reduce
incidental take of Pacific cod, particularly in the flatfish fisheries (Rand et al. 2022). The use of cod excluders
are not considered to bias length compositions used here because data was selected from fisheries that were
targeting Pacific cod. Fishery length frequencies were weighted by the relative catch by year, area (NMFS
areas 541, 542, and 543), gear, and quarter. Fishery length frequencies in which sample sizes were fewer than
70 were omitted because inclusion of smaller sample sizes resulted in a spiky distribution. Larger samples
were also incorporated to select for boats targeting Pacific cod. In 2020 through 2023 there were no samples
greater than 100 fish.

General Model Structure

The Aleutian Islands stock of Pacific cod was managed jointly with the eastern Bering Sea stock through
2012. During that time, the stock assessment model was config