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Executive Summary1 
This report provides genetic stock identification results for Chinook salmon Prohibited 
Species Catch (PSC) samples collected in the 2023 Bering Sea and Aleutian Islands (BSAI) 
and Gulf of Alaska (GOA) trawl fisheries for walleye pollock (Gadus chalcogrammus). All 
samples were genotyped for 37 single nucleotide polymorphism markers from which stock 
contributions were estimated using a range-wide Chinook salmon baseline developed by 
the Alaska Department of Fish and Game (Templin et al. 2011). In the BSAI, genetic samples 
were collected using a systematic random sampling protocol where one out of every 10 
Chinook salmon encountered was sampled. The Chinook salmon PSC in the BSAI was 
11,855 fish, down from the long-term average (32,684 1991-2022). Based on analysis of 
1,106 Chinook salmon bycatch samples, Coastal Western Alaska (47.2%), North Alaska 
Peninsula (24.0%) and British Columbia (21.4%) dominated the bycatch with smaller 
contributions from West Coast US (5.5%) and Northwest GOA (0.9%). Temporal groupings 
within the pollock “A” and “B” seasons revealed changes in stock composition over the 
course of the year. The relative percentages by region were greater during the A-season 
than during the B-season for Coastal Western Alaska (50.0% and 30.4%, respectively) and 
North Alaska Peninsula (25.6% and 8.9%, respectively) while the relative percentages by 
stock were less during the A-season than during the B-season for West Coast US stocks 
(4.2% and 18.9%, respectively) and British Columbia (18.8% and 38.7%, respectively). 
Despite increasing proportions for these southern stocks, the majority of chinook salmon of 
southern origin were caught during the A-season because bycatch was nearly ten times 
larger in the A-season compared to the B-season. In 2023, genetic samples were collected 
from Chinook salmon taken in the bycatch of the GOA pollock trawl fisheries using a simple 
random sample protocol with trip being the primary unit. The Chinook salmon PSC in the 
GOA was 18,302 fish, up from the long-term average (14,730 1991-2022 ). Based on 
analysis of 3,138 genetic samples, the vast majority of Chinook salmon that were caught as 
bycatch in the GOA pollock trawl fishery originated from three regions South and East of 
the Alaska Peninsula with the British Columbia region contributing the most (42.1%), 
followed by the West Coast US (30.1%), and Coastal Southeast Alaska (17.5%) regions. This 
pattern is consistent for samples analyzed across finer-scale area and time strata within the 
GOA. 

  

 
1 Disclaimer - These represent preliminary analyses of the 2023 Chinook Salmon genetic 
data. All estimates are subject to change. Numerous plots in this report display fishery 
information. All data are non-confidential. Data have been aggregated and any data point 
with fewer than three unique vessels has been removed. 
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Bering Sea pollock trawl fishery 
Pacific salmon (Oncorhynchus spp.) are prohibited species in the federally managed Bering 
Sea groundfish fisheries, which are subject to complex management rules (NPFMC 2017a). 
In part, these rules are designed to reduce prohibited species catch, hereafter referred to as 
“bycatch.” Understanding the stock composition of Pacific salmon caught as bycatch in 
these fisheries is important since they take place in areas that are known feeding habitat 
for multiple brood years of Chinook salmon (Oncorhynchus tshawytscha) from many 
different localities in North America and Asia (Myers et al. 2007, Davis et al. 2009). Chinook 
salmon are economically valuable and highly prized in commercial, subsistence, and sport 
fisheries. Determining the geographic origin of salmon caught in federally managed 
fisheries is essential to understanding the effects that fishing has on Chinook salmon 
stocks, especially those with conservation concerns (NPFMC 2017a). This section of the 
report provides genetic stock identification results for the Chinook salmon bycatch samples 
collected from the Bering Sea walleye pollock (pollock) (Gadus chalcogrammus) trawl 
fishery. National Marine Fisheries Service (NMFS) geographical statistical areas (NMFS 
area) associated with the Bering Sea groundfish fishery (NMFS areas 509-524) and Alaska 
Department of Fish and Game (ADF&G) statistical areas grids are shown in Figure 1 and are 
used to describe the spatial distribution of the Chinook salmon bycatch and genetic 
samples. All analyses used a single nucleotide polymorphism (SNP) baseline provided by 
ADF&G (Templin et al. 2011; Appendix 1), the same baseline used to estimate previous 
stock compositions of samples from the Chinook salmon bycatch of the federally managed 
BSAI trawl fisheries.  

Amendment 91 to the North Pacific Fishery Management Council (NPFMC) Fishery 
Management Plan (FMP) for groundfish of the BSAI Management Area was enacted in 2010 
and included retention of all salmon caught in the pollock fishery. In 2011, a systematic 
random sampling design recommended by Pella and Geiger (2009) was implemented by 
the Alaska Fisheries Science Center’s (AFSC) Fisheries Monitoring and Analysis Division’s 
(FMA) North Pacific Groundfish and Halibut Observer Program (Observer Program) to 
collect genetic samples from one out of every 10 Chinook salmon encountered as bycatch in 
the Bering Sea pollock fishery. 

Catch Summary 

In 2023, 11,855 Chinook salmon were caught in the BSAI pollock trawl fisheries (NMFS 
2023). This was substantially lower than the average bycatch from 1991 to 2022 (32,684) 
(Figure 1). While this represented a slight increase in bycatch from the previous year, it is 
still lower than the average bycatch post-Amendment 91 (18,864). The majority of the 
bycatch of Chinook salmon occurred in the A-season when 10,685 Chinook salmon were 
caught compared to the 1,170 caught in the B-season. 
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Figure 1: Chinook salmon prohibited species catch (PSC) for the Bering Sea and Aleutian 
Islands (BSAI) pollock-directed trawl fisheries for the A, B, and both seasons. The horizontal 
dashed lines represent the mean PSC pre- and post-Amendment 91. 

Spatial & Temporal Trends 

There were clear spatial differences in the distribution of the Chinook salmon bycatch by 
season. In the A-season, most of the bycatch occurred within, and just outside of, the 
eastern portion of the catcher vessel operational area (CVOA; Figure 2 - shaded green box). 
Additionally, some bycatch occurred around the Pribilof Islands. In the B-season, bycatch 
was smaller in magnitude and distributed along the shelf to 179°W. 
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Figure 2: Location and timing of Chinook salmon bycatch in the Bering Sea & Aleutian Islands 
pollock trawl fishery in the A- and B-seasons. (A) Map of Chinook salmon bycatch by NMFS 
management areas (outlined in black) and ADF&G groundfish statistical areas (outlined in 
light gray) where circles represent the amount of total bycatch. The catcher vessel 
operational area is shaded green. (B) Timing of the Chinook salmon bycatch by statistical 
week.  

The timing of the Chinook salmon bycatch occurred early with the majority encountered in 
the first half of the A-season (Figure 2B). In fact, ~50% of the bycatch was taken in three 
statistical weeks (4-6). After the 8th statistical week, bycatch of Chinook salmon declined 
throughout the remainder of the A-season. The B-season bycatch was characterized by two 
peaks in statistical weeks 24 and 36. These peaks did not correspond to increases in 
Chinook salmon bycatch rates (Chinook salmon bycatch per metric ton of pollock). The 
start and end of the B-season were characterized by the highest Chinook salmon bycatch 
rates. Bycatch rates averaged 0.002 Chinook per metric ton of pollock between statistical 
weeks 25 and 41, after which it rose to 0.013. This is consistent with the observation that 
Chinook salmon bycatch rates typically increase when fishing is extended late into the B-
season. 
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Sampling & Genotyping Summary 

 Caudal fin clips and scales were collected from Chinook salmon bycatch by the Observer 
Program throughout 2023 for analysis at AFSC’s Auke Bay Laboratories (ABL). Caudal fin 
clips were dried, stored in labeled coin envelopes, and shipped to ABL for analysis. Scales 
were collected as an additional source for genetic analysis and aging. 

In 2023, of the 11,855 Chinook salmon that were taken in the bycatch of BSAI pollock trawl 
fisheries (NMFS 2020), 1,170 were sampled by the Observer Program; of those samples, 
1,106 were successfully genotyped for an overall genotyped sampling rate of 9.3% (A-
season N = 1,002 fish, 9.5% sampling rate; B-season N = 104 fish, 8.4% sampling rate). 

Potential biases primarily introduced through spatial and temporal aspects of genetic 
sample collection from bycatch are well documented and have the potential to affect 
resulting stock composition estimates (Pella and Geiger 2009). The distributions of 2023 
Chinook salmon bycatch genetic samples were evaluated by comparing the collection of 
genetic samples among NMFS statistical areas and throughout the fishing season (Figure 
3). 

 

Figure 3: Proportion of BSAI Chinook salmon bycatch sampled for genetic analysis by 
statistical week and NMFS Statistical Areas. The size of the circles corresponds to the number 
of fish caught. The red dashed line is the realized mean sampling proportion over NMFS areas 
and statistical weeks, and the black dotted line is the target of 10%. 

The spatial and temporal distribution of the genetic samples from the 2023 Bering Sea 
pollock fishery were representative of the total bycatch. While there was slight 
undersampling in some NMFS areas early, and oversampling of NMFS area 521 late, the 
average sampling proportion was 10.1%. 
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Genetic Stock Composition 

Overall 

The stock composition results indicate that 71.5% of the Chinook salmon bycatch from the 
A- and B-seasons originated from Alaska river systems flowing into the Bering Sea with the 
largest contributions from Coastal Western Alaska region (47.2%) and the North Alaska 
Peninsula (24.0%; Table 1). With a total bycatch of 11,855 Chinook salmon, this equates to 
an estimated 5,596 Coastal Western Alaska and 2,840 North Alaska Peninsula Chinook 
salmon. The remaining 28.5% were from southern regions with British Columbia (21.4%) 
contributing the most, followed by the West Coast US (5.5%). 

Table 1: Regional stock composition estimates of Chinook salmon from the 2023 Bering Sea 
and Aleutian Island pollock trawl fishery (PSC = 11,855; n = 1,106). The estimated number of 
Chinook salmon bycatch, 95% CI for the estimated number, and mean proportion are 
provided with 95% credible intervals, P = 0 statistic, and the Gelman-Rubin shrink factor (SF).  

 

 

Stock composition estimates were mostly similar to the long-term trends observed in prior 
years (2011-2022; Figure 4). The proportion of Coastal Western Alaska has decreased from 
a high of 68.0% in 2011 to a low of 23.7% in 2017 and has since increased and has 
fluctuated around ~47% since 2020. The proportion of the North Alaska Peninsula has 
increased in recent years, averaging 13.5% between 2011 and 2020 and 31.9% since. 
Despite the increase in relative proportion for this group, because of the overall declining 
bycatch numbers, the number of fish has remained consistent averaging 3,160 fish. Coastal 
Southeast Alaska appears to have gone through three cycles of increase and decrease, but 
2023 marks the lowest proportion of this regional group to the bycatch across the time 
period (0.4%). Southern stock proportions peaked in 2017, with British Columbia 
accounting for 36.0% of the bycatch and West Coast US representing 18.8%. While the 
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proportion of West Coast US has since declined to levels similar to pre-2015, in 2023 there 
was a substantial increase in the proportion of bycatch attributed to British Columbia. 

 

Figure 5: Annual (2011-2023) stock composition estimates (top) and estimated total number 
of Chinook salmon bycatch (bottom) with their 95% credible intervals from the Bering Sea 
Chinook salmon bycatch.  

In addition to the large decrease in total bycatch numbers between seasons, there was 
variability in the relative proportion of regional groups contributing to the bycatch 
between the A- and B-seasons (Figure 6). Coastal Western Alaska decreased from 50.0% to 
30.4% while the North Alaska Peninsula declined from 25.6% to 8.9%. Alternatively, stocks 
from the south showed increases between the A- and B-seasons. British Columbia 
increased from 18.8% to 38.7% and West Coast US increased from 4.2% to 18.9%. 
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Figure 6: Regional stock composition estimates of Chinook salmon from the 2023 Bering Sea 
and Aleutian Island pollock trawl fishery (PSC = 11,855; n = 1,106). The estimated number of 
Chinook salmon bycatch, the 95% CI for the estimated number, mean proportion, 95% 
credible intervals, median estimate, P = 0 statistic, and the Gelman-Rubin shrink factor (SF).  

Season specific stock composition estimates appear to be similar to prior years estimates 
from 2011 to 2022 (Figure 6) with some exceptions. The contribution of Southeast Alaska 
stocks in 2023 was the lowest of the time series, 0.6% and 0.2% in the A- and B-seasons 
respectively. Other stocks show shifts from the prior year, but appear to be relative shifts 
returning to proportions observed in prior years. Estimates for British Columbia showed a 
large increase in both seasons from last year, but are similar to proportions from 2016 to 
2018. Similarly, the proportion of West Coast US shows an increase from last year in the A-
season, but a decrease in the B-season. 

Spatial Trends 

To evaluate differences in the stock composition of bycatch in different areas within the 
Bering Sea the bycatch was divided into four subareas based on prior analyses: CVOA, 
NMFS Statistical Area 509, Northwest (West of 167°W), and Southeast (East of 167°W; 
Figure 2). 

Estimates for the CVOA, NMFS 509 and Southeast (SE) strata are all similar when analyzed 
for the A- and B-seasons combined (Figure 7; left column). This stems from the fact that 
there is overlap in these spatial strata, and they make use of overlapping sets of genetic 
samples within each mixture. By contrast, the Northwest spatial group is composed of less 
West Coast US (0%) and British Columbia (7.5%) stocks than all other spatial strata 
considered where West Coast US comprised ~6.0% and British Columbia comprised 
~22.0% of the bycatch. 
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Spatiotemporal Trends 

Of the five spatial areas considered (BSAI, CVOA, NMFS Area 509, Northwest, and 
Southeast; Figure 2), there were sufficient sample sizes to estimate the stock composition 
for the A- and B-season for three areas: BSAI, CVOA and Southeast. All of these areas 
displayed a consistent trend of decreasing proportions of Coastal Western Alaska and 
North Alaska Peninsula stocks and increasing proportions of British Columbia and West 
Coast US stocks from the A to the B-season (Figure 7). 

 

Figure 7: Stock composition estimates with 95% credible intervals of Chinook salmon bycatch 
for five spatial strata (Bering Sea and Aleutian Islands [BSAI], Catcher Vessel Operation Area 
[CVOA], NMFS statistical area 509 [NMFS509], Northwest Bering [NW], and Southeast Bering 
[SE]) for the A- and B-seasons combined [AB], the A-season [A], and the B-season [B].  

Within the CVOA, the proportion of Coastal Western Alaska decreased from 52.8% in the A-
season to 17.4% in the B-season. The Northern Alaska Peninsula stock group showed a 
similar decline, dropping from 22.7% to 1.9%. In contrast, the West Coast US and British 
Columbia groups increased from 4.4% and 19.6% to 22.4% and 53.6% respectively. 
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BSAI Summary 

Stock composition estimates of the Chinook salmon bycatch inform pollock and salmon 
fishery managers of the biological effects of the incidental take of salmon in the trawl 
fishery (Ianelli and Stram 2015). The incidental harvest of Chinook salmon in the Bering 
Sea pollock fishery averaged 32,684 salmon per year between 1991 and 2022 (31-year 
average), with a peak of 122,195 in 2007 and a low of 4,961 in 2000 (Figure 1; NMFS 
2023). The Bering Sea Chinook salmon bycatch has abated in more recent years. In 2023, a 
total of 11,855 Chinook salmon were caught, below the 31-year average. The incidental 
harvest between 1991 and 2010 averaged 40,976 and after the implementation 
Amendment 91 between 2011 and 2023 the average dropped to 18,325 (Figure 1; NMFS 
2023). The proportions of Chinook salmon originating from Alaska Rivers, particularly 
Coastal Western Alaska and North Alaska Peninsula, accounted for most of the catches in 
early years, but southern regions accounted for an increasing proportion of the bycatch 
through 2017. Since then, this trend has reversed leading to increasing proportions of 
Coastal Western Alaska and decreasing proportions of southern stocks. However, in 2023, 
there was an uptick in the proportion of British Columbia relative to the last three years. 
The proportion of Coastal Western Alaska fish was relatively similar to the last three years 
while the proportion of North Alaska Peninsula has increased. Despite the overall increase 
in proportion of North Alaska Peninsula, because of the overall decrease in the total 
Chinook salmon bycatch, the total number of North Alaska Peninsula fish caught as bycatch 
has remained relatively stable through time. The relative proportion of Alaska and 
southern stocks in the total bycatch is a product of the relative proportion of bycatch 
occurring in the A- and B-seasons. In 2023, we continued to observe the pattern of higher 
proportions of Alaska stocks in the A-season and increasing relative proportions of 
southern stocks in the B-season. We also observed increasing proportions of southern 
stocks from 2014 to 2017, years in which the Gulf of Alaska experienced a marine 
heatwave which may have influenced the marine distribution of Chinook salmon stocks. 
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Gulf of Alaska trawl fisheries 
The Gulf of Alaska (GOA) is known as a feeding habitat for multiple brood years of Chinook 
salmon (Oncorhynchus tshawytscha) originating from many different localities in North 
America and Asia. Determining the stock composition of bycatch in federally managed 
fisheries is essential to understanding the effects that these fisheries have on Chinook 
salmon stock groups. This section of the report provides genetic stock identification results 
for Chinook salmon Prohibited Species Catch (hereafter referred to as bycatch) samples 
collected in the GOA from the trawl fisheries for walleye pollock (Gadus chalcogrammus). 
The National Marine Fisheries Service (NMFS) and Alaska Department of Fish and Game 
(ADF&G) geographical statistical areas associated with the groundfish fishery (Figure 8) 
are used to describe the spatial distribution of the Chinook salmon bycatch and genetic 
samples. All analyses used a single nucleotide polymorphism (SNP) baseline provided by 
ADF&G (Templin et al. 2011; Appendix 1), the same baseline used to estimate previous 
stock compositions of samples from the Chinook salmon bycatch of the federally managed 
GOA trawl fisheries (Guthrie et al. 2013, 2016, 2017b-2020b, 2021; Guyon et al. 2014, 
2015a,b; Larson et al. 2013).  

The objective of this report is to present stock composition estimates for samples collected 
from the bycatch of the 2023 GOA federal trawl fisheries. Stock composition estimates have 
been applied to bycatch numbers; however, it is important to understand the limitations of 
each sample set for applying estimates to the entire bycatch or comparing estimates among 
sample sets or years. Amendment 93 to the GOA groundfish fishery management plan 
required industry to retain all Chinook salmon caught as bycatch in the GOA pollock trawl 
fishery. This retention requirement was aimed at providing observers with complete 
access to the bycatch to support genetic stock composition analyses. However, Amendment 
93 did not mandate complete observer coverage, and not all GOA pollock trips were 
observed at-sea. Consequently, the North Pacific Groundfish and Halibut Observer Program 
(Observer Program) lacked the ability to know in advance the times and locations of all 
GOA pollock deliveries. Recognizing these limitations in the GOA, starting in 2014, the 
Observer Program implemented a simple random sampling protocol with respect to trip 
for the collection of genetic samples in the GOA (Faunce et al. 2014). This method randomly 
samples from trips and censuses the salmon bycatch encountered in each associated 
delivery to the processor (Faunce 2015). Fin clips and scales were collected for genetic 
analysis throughout 2023 from the GOA bottom and midwater pollock trawl fishery. 
Tissues were stored in coin envelopes that were labeled, dried, and shipped to the AFSC’s 
Auke Bay Laboratories (ABL). Scales were collected as an additional source of tissue for 
genetic analysis, and for aging. 

Catch Summary 

Temporal Trends 

In 2023, an estimated 18,302 Chinook salmon were caught in the GOA pollock trawl 
fisheries (NMFS 2023). This estimate is about two-fifths of the highest overall Chinook 
bycatch of 44,769 in 2010 and slightly larger than the historical mean of 14,730 between 
1991-2022 (Figure 8). 

C2 Chinook Genetics Report 
April 2024



 14 

 

Figure 8: Chinook salmon prohibited species catch (PSC) for Gulf of Alaska pollock-directed 
trawl, other ground fish, and all fisheries. The solid horizontal line represents the mean PSC 
and the dashed line represents the median PSC from 1992 to 2023 for the pollock-directed 
trawl fishery. 

Spatial Trends 

Of the 18,302 Chinook salmon bycatch from the GOA pollock trawl fishery, the majority 
occurred in three areas: Shumagin Islands (Figure 9B), Shelikof Strait (Figure 9C), and 
southeast of Kodiak Island (Figure 9C). There was also some bycatch that occurred south of 
Akutan in the Western GOA and south of Middleton Island in NMFS Area 640. Plotted but 
not analyzed as part of the GOA bycatch, is the bycatch of Chinook salmon that occurred 
within Prince William Sound (NMFS Area 649, part of the Inside [INSD] FMP Area). 
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Figure 9: Location of sample strata used in comparative stock composition estimates from the 
2023 Gulf of Alaska Chinook salmon bycatch. Circles represent the amount of total bycatch 
(A). Locations (shaded) of the strata used: (B) Shumagin Islands (n = 439); (C) Shelikof Strait 
(n = 1,412); (D) Southeast Kodiak Island (n=755). 

Sampling & Genotyping Summary 

Potential spatial and temporal biases associated with the 2023 Chinook salmon GOA 
bycatch sample sets were evaluated visually by comparing the genetic sample distribution 
with the estimated overall bycatch distribution. The distributions of the numbers of 
samples and overall bycatch were similar by week and by statistical area and week (Figure 
10). The sampling rate was variable, but mostly over 10%, with a mean realized sampling 
proportion of 21.5%. There was some bias where large catches had large sampling rates, 
particularly for NMFS Area 620. Additionally, some large catches were undersampled late 
in the year (Figure 10). 
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Figure 10: Proportion of GOA Chinook salmon bycatch sampled for genetic analysis by 
statistical week and NMFS Statistical Areas. The size of the circles corresponds to the number 
of fish caught. The green dashed line is the realized mean sampling proportion over NMFS 
areas and statistical weeks, and the black dotted line is the target of 10%. 

The genotyped (genetic) sample set for the 2023 GOA Chinook salmon bycatch was 3,274 
fish, which represents 18% of the total bycatch. There was, however, some variability in 
genotyping success with 82.5% of all samples being genotyped successfully. 

Genetic Stock Composition 

Overall 

The stock composition results indicate that almost 90% of the 3,138 samples from the GOA 
originated from three regions South and East of the Alaska Peninsula with the British 
Columbia region contributing the most (42.1%), followed by the West Coast US (30.1%), 
and Coastal Southeast Alaska (17.5%) regions (Table2). When multiplied by the total 
bycatch, we estimated that of the 18,302 Chinook salmon in the GOA bycatch, 7,702 were 
from British Columbia, 5,517 were from West Coast US, 3,208 were from Southeast Alaska, 
and 1,353 were from NW GOA. The stock composition estimates in 2023 were similar to 
estimates from the previous nine years with a slight decrease in British Columbia and 
increases in Coastal Southeast Alaska and NW GOA regions from the previous year (Figure 
11). 
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Table 2: Regional stock composition estimates of Chinook salmon from the 2023 Gulf of 
Alaska pollock trawl fishery (PSC = 18,302; n = 3,138). The estimated number of Chinook 
salmon bycatch, 95% CI for the estimated number, and mean proportion are provided with 
95% credible intervals, P = 0 statistic, and the Gelman-Rubin shrink factor (SF).  

 

 

 

Figure 11: Yearly stock composition estimates (2014-2023) with 95% credible intervals of 
Chinook salmon bycatch based on available genetic samples from the Gulf of Alaska (GOA) 
pollock trawl fishery. The same genetic baseline and general regional groupings were used in 
all analyses.  
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Spatial Trends 

Analyses were performed on the three areas where bycatch has historically been highest 
within the trawl fishery: Shumagin Islands, Shelikof Strait and southeast of Kodiak Island 
(Figure 9). Bycatch from the Shumagin Islands was composed of a higher proportion of 
British Columbia fish (59.1%) compared to Shelikof Strait (36.9%) and SE Kodiak Island 
(43.1%; Figure 12). Whereas, both SE Kodiak Island and Shelikof Strait bycatch were 
characterized by higher proportions of West Coast US Chinook salmon (31.2% and 30.2% 
respectively) than Shelikof Strait (20.0%). Shelikof Strait had the highest proportion of NW 
GOA bycatch (10.5%; Figure 12). 

 

Figure 12: Stock composition estimates with 95% credible intervals of Chinook salmon 
bycatch samples from four area strata from the 2023 GOA pollock trawl fishery: GOA overall 
(3,138 samples); Shumagin Islands overall (n = 439); Shelikof Strait overall (n = 1,412); and 
Southeast Kodiak Island overall (n = 755).  

Spatiotemporal Trends 

In order to better understand shifts in stock composition through time the three spatial 
analyses were analyzed for two time strata (Early and Late). These time periods differ 
slightly by area to reflect the fishing pressure and resulting bycatch in the area. Early 
bycatch in the Shumagin Islands area occurred prior to week 30, while late bycatch 
occurred from statistical week 30 to the end of the year. Early bycatch in both the Shelikof 
Strait and SE Kodiak occurred prior to week 21, while late bycatch includes all fish after 
week 20. 
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All of the bycatch from the Shumagin Islands occurred in the Late time strata, so we 
focused on comparisons between the early and late catches from Shelikof Strait and SE 
Kodiak, but provide late Shumagin estimates for comparisons among the areas in the late 
time period. 

 

Figure 13: Stock composition estimates with 95% credible intervals for samples from the 
Shumagin Islands area and time strata (Late n = 165), Southeast Kodiak Island area (Early 
time strata n = 102, Late strata n = 653), and from the Shelikof Strait area and time strata 
(Early time strata n = 518, Late n = 894).  

Between the early and late periods there was a subtle shift in stock composition around SE 
Kodiak Island (Figure 13). Both the NW GOA and Copper groups increased in relative 
proportions through the year. NW GOA comprised only 0.4% of the bycatch in the early 
period while in the late it increased to 5.0%. The Copper regional group similarly increased 
from 0% to 3.0%. Bycatch from the Shelikof area showed similar increases in NW GOA 
(2.0% to 15.6%) and Copper stocks (0% to 1.7%), and a substantial decrease in the 
proportion of British Columbia stocks (50.4% to 29.1%). 

GOA Summary 

In 2023, genetic samples were collected from Chinook salmon taken in the bycatch of the 
GOA pollock trawl fisheries using a simple random sample protocol with trip being the 
primary unit. Based on analysis of 3,138 samples from a total bycatch of 18,302 Chinook 
salmon, British Columbia (42.1%), West Coast US (30.1%), and Coastal Southeast Alaska 
(17.5%) stock groups were the largest contributors to Chinook salmon bycatch. The stock 
composition estimates for Chinook salmon bycatch samples collected from federally 
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managed trawl fisheries in the GOA continue to show that the vast majority of Chinook 
salmon that are encountered originate from three stock groups that are located South and 
East of the Alaska Peninsula. This pattern is consistent for samples analyzed across finer-
scale area and time strata within the GOA. 
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Appendix I - BSAI GSI Estimates 
Regional stock composition estimates of Chinook salmon samples from the 2023 Bering 
Sea pollock trawl fishery. The estimated number of chum salmon bycatch, the 95% CI for 
the estimated number, mean proportion, 95% credible intervals, P = 0 statistic (the 
probability that the estimated proportion is 0), and the Gelman-Rubin shrink factor (SF; 
convergence diagnostic).  
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Appendix II - GOA GSI Estimates 
Regional stock composition estimates of Chinook salmon samples from the 2023 Gulf of 
Alaska pollock trawl fishery. The estimated number of chum salmon bycatch, the 95% CI 
for the estimated number, mean proportion, 95% credible intervals, P = 0 statistic (the 
probability that the estimated proportion is 0), and the Gelman-Rubin shrink factor (SF; 
convergence diagnostic).  
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Appendix III - GSI Methods 
DNA was extracted from axillary process tissues with Chelex. SNP genotyping was 
performed using Genotyping-in-Thousands by Sequencing (GTseq; Campbell et al. 2015) 
chemistry that uses short-read sequencing on an Illumina platform to interrogate the 37 
SNP DNA markers represented in the Chinook salmon baseline (Templin et al. 2011; 
Appendix 5). The SNP baseline contains genetic information for 172 populations of Chinook 
salmon grouped into 11 geographic regions (also known as stock groups or reporting 
groups; Appendix 1). Proof tests performed previously have shown the baseline to be 
suitable for stock composition analysis using the regional reporting groups defined in 
Appendix 1 (Templin et al. 2011). 

Sequencing libraries were prepared using the GT-seq protocol (Campbell et al. 2015). PCR 
was performed on extracted DNA with primers that amplify 37 SNP loci (Templin et 
al. 2011). These PCR products were then indexed in a barcoding PCR, normalized using 
SequalPrep plates (Invitrogen) and each 96 well plate was subsequently pooled after 
Sequel prep normalization. Next, a double-sided bead size selection was performed using 
AMPure XP beads (Beckman Coulter), using ratios of beads to library of 0.5× to remove 
non-target larger fragments and then 1.2× to retain the desired amplicon. Libraries were 
sequenced on a MiSeq (Illumina) using a single 150-cycle lane run with 2 × 75 bp paired-
end (PE) chemistry. PE reads for each individual were joined with FLASH2 (Magoč & 
Salzberg, 2011; https://github.com/dstreett/FLASH2). Merged reads were genotyped with 
the R package GTscore (McKinney; https://github.com/gjmckinney/GTscore). Individuals 
with low quality multilocus genotypes (< 80% of loci scored) were discarded. We re-
genotype 3% of all individuals as quality control measures. The successfully genotyped 
samples had genetic information for an average of 36 of 37 markers. Mixtures were created 
by separating sampled fish into spatial and temporal groups from observer data from the 
AKFIN database. Genetic stock identification was performed with the conditional genetic 
stock identification model in the R package rubias (Moran and Anderson 2019). For all 
estimates, the Dirichlet prior parameters for the stock group proportions were defined by 
region to be 1/(GCg), where Cg is the number of baseline populations in region g, and G is 
the number of regions (i.e., flat over reporting groups). To ensure convergence to the 
posterior distribution, 11 separate chains of 70,000 iterations (burn-in of 35,000) of the 
non- bootstrapped model were run, with each chain starting at disparate values of stock 
group proportions; configured such that for each chain 95% of the mixture came from a 
single designated reporting group (with probability equally distributed among the 
populations within that reporting group) and the remaining 5% equally distributed among 
remaining reporting groups. The convergence of chains for each reporting group estimate 
was assessed with the Gelman-Rubin statistic (Gelman and Rubin 1992) estimated with the 
gelman.diag function in the coda library (Plummer et al. 2006) within R. Once chain 
convergence was confirmed, inference was conducted with the conditional genetic stock 
identification model with bootstrapping over reporting groups (70,000 MCMC iterations, 
burn-in of 35,000 and 100 bootstrap iterations). The stock composition estimates were 
summarized by the mean, standard deviation, median, 95% credible interval (2.5th and 
97.5th percentile of the MCMC iterates in the posterior output), and P=0, which is the 
probability that a stock composition estimate is effectively zero (Munro et al. 2012). The 
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P=0 statistic is the frequency of the last half of the MCMC iterates of each chain for which 
the individual regional contribution to the mixture was less than a threshold of . This 
statistic may be more useful than the credible interval for assessing the presence or 
absence of minor stocks. Estimated numbers of fish caught from each stock group were 
calculated from the mean of the posterior distribution of stock composition estimates and 
the estimated total bycatch of Chinook salmon from observer data within AFKIN. 
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Figure A1:  Eleven reporting groups of baseline Chinook salmon populations used in this 
report, circles represent individual populations represented in the baseline. (A) Range-
wide distribution of the eleven reporting groups. (B) Russia (dark blue), (C) Coastal 
Western Alaska (red), Middle Yukon (green), and Upper Yukon (dark purple), (D) 
Northern Alaska Peninsula (blue), NW GOA (orange), Copper (light purple), (E) NE GOA 
(pink), Southeast Alaska (light green), British Columbia (light purple), West Coast US 
(light blue) reporting group. 
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Appendix II Table A2: Chinook salmon populations in the Alaska Department of Fish and 
Game (ADF&G) single nucleotide baseline grouped by eleven reporting groups used in the 
analyses of this report. 
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Appendix II Table A2 continued 
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Appendix II Table A2 continued 
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Appendix II Table 1A: Single nucleotide polymorphisms included in the 84-SNP panel used for stock composition analysis of 
chum salmon bycatch samples from the 2023 Bering Sea B-season pollock trawl fishery. 
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