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SCIENCE

Salmon Genetic Stock Composition 
Analyses in Alaska 

Introduction

Alaska is a very large and beautiful state with over 
80,000 km of shoreline along the Gulf of Alaska, Bering 
Sea, and Arctic Ocean (http://www.shorezone.org/learn-
shorezone/shorezone-coverage). It offers both marine and 
freshwater habitat for a wide range of species in Alaska. 
Five species of Pacific salmon in addition to steelhead 
are commonly encountered in Alaskan waters that in the 
marine environment include stocks that originate from 
throughout their spawning distributions. Salmon are 
intercepted in Alaskan waters through directed and non-
directed fisheries, where in the non-directed fisheries they 
are caught as bycatch. Because salmon are encountered 
at sea throughout Alaska as mixed stocks, genetic stock 
identification (GSI) is one of the techniques used to 
determine the impacts of catch on salmon stocks or groups 
of stocks. The purpose of this article is to describe how 
GSI techniques are implemented in the management of 
fisheries in Alaska. Two examples are provided, one for the 
analysis of salmon harvested in a state managed, directed 
salmon fishery, and another for the analysis of salmon 
incidentally caught in a federally managed fishery.

Population Structure of Pacific Salmon Lends Itself to 
Genetic Stock Identification

Salmon return to spawn in the same rivers where 
they were born with fairly high fidelity. Consequently, 
salmon within a spawning population are more genetically 
similar to each other than to salmon in other populations. 
Since straying among nearby populations is more likely 
than straying among more distant populations, nearby 
populations are often more genetically similar to each 
other than more distant populations, a characteristic 
known as isolation-by-distance. GSI takes advantage 
of these genetic patterns to group multiple closely-
related populations into reporting groups or “stocks”. 
By comparing the genetic characteristics of the catch 
with that from baseline spawning populations, stock 
composition of the catch can be estimated. One 
assumption for GSI is that the baseline contains adequate 
representation of all reporting groups that may be found in 
the catch sample.

State Managed Fisheries Example: Bristol Bay Sockeye 
Salmon Fishery

Sockeye salmon returning to spawn in tributaries of 
Bristol Bay, Alaska, sustain the largest sockeye salmon 
fishery in the world, with an average of 22.7 million fish 
caught annually in the last 20 years (Salomone et al. 2017). 
Fish returning to spawn are sought by commercial and 
subsistence harvesters (Figure 1). Within the commercial 
fishery, there are drift gillnet and set gillnet fisheries 
prosecuted in five management districts located near 
the mouths of the major rivers that drain into Bristol Bay 
(Figure 2). The commercial fishery harvests more than 
half of the returning adults (1996–2015 average was 52%; 
Salomone et al. 2017). Although most of the sockeye 
salmon caught in a given district originate from drainages 
within that district, some districts encompass multiple 
drainages and some districts catch fish that are destined 
to drainages in other districts. The subsistence fisheries, 
on the other hand, are much smaller and harvest most 
of their catch within the rivers or lakes in Bristol Bay and, 
therefore, are assumed to catch fish from the stock(s) that 
spawn in that drainage.
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Bristol Bay sockeye salmon fisheries are 
managed to ensure adequate numbers of salmon 
escape the fisheries and reach their spawning 
areas to maintain sustained yield, as is required 
by the State of Alaska Constitution, while meeting 
allocations set by the Alaska Board of Fisheries. The 
Board consists of seven members serving three-year 
terms. Members are appointed by the governor 
and confirmed by the legislature. Members are 
appointed on the basis of interest in public affairs, 
good judgment, knowledge, and ability in the field 
of action of the board, with a view to providing 
diversity of interest and points of view in the 
membership (http://www.adfg.alaska.gov/index.
cfm?adfg=fisheriesboard.main).

Figure 1. Drift gillnet commercial harvesters vie for position in the Naknek River, subsistence harvest hangs to dry, and set gillnet harvester brings in 
catch of sockeye salmon in Bristol Bay. Photo credit: Alaska Department of Fish and Game (ADF&G)

Figure 2. Map showing the five Bristol Bay commercial fishing districts, Port Moller 
test fishing stations (triangles), baseline collection locations, and stocks identified 
using GSI. Source: Dann et al. (2013)
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Because almost all sockeye salmon encountered in 
the Bristol Bay fishery are returning to spawn in Bristol 
Bay and surrounding area tributaries, sockeye salmon 
baselines have been developed from that region (Dann 
et al. 2012). Baseline sampling expeditions normally 
involve sending a group of trained people into the field 
to collect axillary processes from spawning populations, 
often in remote areas with difficult logistical operations 
(Figure 3). The salmon can be captured in a number of 
different ways, although the most common is with a small 
seine net where the fish can be immediately sampled and 
released unharmed to the river. When salmon are sampled 
on the spawning grounds they are assumed to represent 
the population from that location and are used to define 
the genetic “fingerprint” for that population within the 
larger baseline of populations from Bristol Bay. Samples 
are archived at ADF&G for current and future analyses 
(Figure 4).

Ensuring that adequate fish escape the fisheries means 
that the Alaska Department of Fish and Game (ADF&G) 
needs to determine the appropriate escapement goals and 
then control the harvest of each stock (drainage) to meet 
those escapement goals. Both of these objectives require 
an understanding of how many fish from each stock are 
harvested. This number is added to the number of fish 
that escape into rivers to spawn to come up with the total 
runs—a critical estimate for determining the spawner-
recruit relationship to establish escapement goals. This 
understanding is also important for the managers to 
determine where and when user groups can harvest 
fish in order to target those stocks that are in excess to 
escapement needs. 

Fish sampled from commercial fishery catches are 
genotyped for the same set of markers used in the baseline 
(Figure 4). Statistical programs are used to examine the 
genotypes of fish in the catch and compare those with 
the baseline to estimate the stock composition of the 
catch. ADF&G estimates stock composition for multiple 
geographic and temporal strata of the commercial fishery. 
These estimates of stock composition are then applied to 
the harvest that the catch sample represents to estimate 
the stock-specific harvest. As long as the catch samples 
represent the harvest well, a sample of 400 fish for each 
stratum is adequate to provide estimates that are within 
5% of the true value 90% of the time.

ADF&G uses this genetic information to provide in-
season and post-season estimates of stock proportions. 
In-season estimates are calculated for fish entering Bristol 
Bay captured in the Port Moller Test Fishery (Figure 2) 
and provide information to fishermen, processors, and 
ADF&G. This information, along with other information, 
is used by ADF&G managers to open and close fisheries 
on a daily basis. Post-season estimates are calculated for 
fish captured in multiple district/time strata to estimate 
the total run for use in spawner-recruit models used to 
establish escapement goals. This genetics program in 
Bristol Bay has been estimating stock composition of the 
commercial fishery since 2005. This long-term data series 
will allow for improved spawner-recruit relationships 
and provide insights into changes in productivity among 
stocks over time. ADF&G will continue to use GSI to inform 
managers as they seek to direct the harvest and distribute 
those harvests among user groups following the guidance 
of the Alaska Board of Fisheries.

Figure 3. Sampling sockeye salmon from the Ualik Lake on the Igushik 
River that drains into the Nushagak District in Bristol Bay: Skiff used 
to access the beach, a proud biologist with a captured fish, and 
sampling the axillary process. 
Photo credit: Alaska Department of Fish and Game (ADF&G)

Figure 4. Genetics processing within the Alaska Department of Fish 
and Game’s Gene Conservation Laboratory. Left: Extracting DNA 
in preparation for genotyping sockeye salmon commercial fishery 
catches. Right: Samples of both baseline and fishery catches are 
archived at Alaska Department of Fish and Game (ADF&G) for future 
analysis.
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Federally Managed Fisheries Example: Incidental Harvest 
of Chinook and Chum Salmon in the Bering Sea Pollock 
Trawl Fishery 

In Alaska, mid-water and bottom-trawl fisheries 
take place for gadid, rockfish, flatfish, and other species. 
While not the target catch, Chinook and chum salmon are 
also taken as bycatch in these fisheries, primarily in the 
walleye pollock fishery, which is the largest single species 
fishery in the United States (Figure 5). The number of 
salmon captured relative to the target species is small; 
however, given the magnitude of the Bering Sea-Aleutian 
Island groundfish fisheries, approximately two million 
metric tons annually, the total number of salmon taken 
can be high. For example, in 2007, an estimated 130,000 
Chinook salmon were taken as bycatch in the Bering Sea 
trawl fisheries, although the 20-year median is 29,585 
(NMFS 2017a). Similarly, the number of chum salmon 
encountered in these fisheries peaked in 2005 at an 
estimated 715,000 fish with a 20-year median of 89,430 
chum salmon (NMFS 2017b). Because salmon return to 
their natal streams to spawn, it is critical to know both the 
number of salmon taken as bycatch and the stock of origin 
to help us understand the impacts of capture. Salmon 
stock composition data has been used in recent years 
to help inform federally managed fisheries in the Bering 
Sea and the Gulf of Alaska (https://www.npfmc.org/bsai-
salmon-bycatch/).

In the management of Bering Sea trawl fisheries, 
the National Marine Fisheries Service (NMFS) utilizes 
fishery observers on more than 100 vessels that fish each 
year. The observer’s primary purpose is to ensure catch 
accounting, but they also monitor catch of non-target 
species such as salmon, halibut, and crab (AFSC 2016). 
One of the first challenges for determining which salmon 
stocks are present in the bycatch, within the available 
management resources, was to develop a method to 
transport representative samples from the many vessels 
participating in the Bering Sea pollock fishery to a single 
laboratory for processing. This includes collecting samples 
at sea from catcher processors and motherships, and from 
catcher vessel offloads at processors in Dutch Harbor and 
Akutan, Alaska (Figure 6). Previously, allozyme-based GSI 
analyses of the salmon bycatch were completed by the 
NMFS (Wilmot et al. 1998, Seeb et al. 2004); however, 
allozyme-based analyses required logistically difficult tissue 
collection procedures. Today, sample collection procedures 
are simpler and more robust for DNA-based analyses, and 
genetic methods in recent years have enabled the analysis 
of large numbers of samples.

DNA-based sample collection methods were first 
tested in 2005 and 2006 when a special sampling project 
was established within the NMFS as a collaboration of 
scientists at the Auke Bay Laboratories and the North 
Pacific Groundfish and Halibut Observer Program. Through 
this special project, observers opportunistically collected 
an axillary process (part of the pelvic fin) for genetic 
analysis and scales for ageing from salmon encountered 
in the bycatch. The samples were placed in labeled coin 

Figure 5. The groundfish trawl fisheries in Alaska (top left) capture 
both the intended target of pollock (top right) and incidental catch of 
salmon (bottom). Photo credit: NOAA Fisheries

Figure 6. Salmon bycatch samples from the Bering Sea are shipped 
from NMFS offices in Dutch Harbor (brown), Anchorage (green), and 
Seattle (yellow) for genetic stock identification at the NMFS Auke Bay 
Laboratories in Juneau, Alaska. Underlying map from www.google.
com/maps.

https://www.npfmc.org/bsai-salmon-bycatch/
https://www.npfmc.org/bsai-salmon-bycatch/
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envelopes and then stored frozen. At the end of the 
season, the Observer Program assembled the sample 
collections from multiple observers and sent the frozen 
collections via overnight delivery to Auke Bay Laboratories 
in Juneau, Alaska for analysis.

DNA was extracted from the samples by digesting 
a fragment of the axillary process with a protease and 
purifying over a silica-based column (Figure 7). For the 
chum salmon samples, 11 microsatellite markers (Beacham 
et al. 2009) were genotyped by using sizing standards 
on a polymer-based DNA sequencer (Life Technologies 
3730xl) and GeneMapper software. Because of the 
complexity of genotyping microsatellite markers, each 
sample was independently genotyped by two people and 
the genotypes were compared to quantify consistency. 
For the Chinook salmon samples, 43 single nucleotide 
polymorphism (SNP) markers (Templin et al. 2011) were 
genotyped with either TaqManTM (Applied Biosystems) 
(Figure 7, bottom right) or MALDI-TOF technologies; 
the genotyping concordance rate between these two 
technologies is greater than 99.5%. After genotyping, the 
data quality was evaluated; duplicate samples (very low 
number) and samples with genotypes at less than 80% of 
the markers were removed following previous standards 
(Dann et al. 2009).

Stock compositions were estimated with Bayesian 
and frequentist software that maximizes the probability 
that the observed genotypes were derived from large 
regional aggregations of salmon baseline stocks. This 
methodology takes advantage of the genetic divergence of 
salmon that often exists in an isolation-by-distance pattern 
and produces regional differences. For the chum salmon 
bycatch, stock composition was estimated to six large 
regional aggregations including: Southeast Asia, Northeast 
Asia, Western Alaska, Upper/Middle Yukon, Southwest 
Alaska, and Eastern Gulf of Alaska/Pacific Northwest. 
For the Chinook salmon bycatch, stock composition was 
estimated to 11 large regional aggregations including: 
Russia, Coastal Western Alaska, Middle Yukon, Upper 
Yukon, North Alaska Peninsula, Northwest Gulf of Alaska, 
Copper River, Northeast Gulf of Alaska, Coastal Southeast 
Alaska, British Columbia, and Washington/Oregon/
California. The stock compositions have been assembled 
into annual NOAA Technical Memoranda that are available 
on-line (see https://www.afsc.noaa.gov/Publications/
techmemos.htm).

Tests showed that these samples contained viable 
DNA that could be successfully genotyped and compared 
to species-wide genetic baselines to determine the 
overall stock composition of the sample set. By using 
opportunistically collected samples, bycatch stock 
compositions were developed for the Chinook and chum 
salmon bycatch intercepted in the Bering Sea pollock 
trawl fisheries from 2005 through 2010 (e.g., Guthrie 
et al. 2012, Kondzela et al. 2012). These results showed 
that in the Bering Sea (1) the majority of Chinook salmon 
encountered were from stocks from river systems that flow 
into the Bering Sea, and (2) the chum salmon were from 
stocks from throughout their geographic distribution.

The analysis of opportunistically collected samples 
provided valuable information about the stock origin of the 
salmon bycatch, but the stock composition estimates were 
only as good as the available sample sets, which had the 
potential to be biased because not all vessels and plants 
were sampled at the same rate. To account for the number 
of salmon taken in the Bering Sea trawl fisheries, the NMFS 
restructured the Observer Program for the Bering Sea 
pollock fishery to enable the census of all salmon (counting 
each fish rather than estimating from basket samples) 
and the collection of representative samples. In 2011, a 
systematic sampling protocol was implemented whereby 
1 out of every 10 Chinook salmon and 1 out of every 30 
chum salmon were genetically sampled (Faunce 2015). 
These sampling rates were established to collect enough 
samples in a low-bycatch year to determine a reliable stock 
composition estimate. In years with higher bycatch, as in 
recent years for the chum salmon bycatch, the sampling 
rate of 1 of 30 yields more samples than is needed for 
analysis and the samples may be further sub-sampled. 

Figure 7. Genetics Laboratory processing within NOAA’s Alaska 
Fisheries Science Center’s Auke Bay Laboratories. Top Left: Preparing 
samples for DNA extraction, Top Right: Plating DNA in the lab prior 
to genotyping, Bottom Left: PCR machines used to amplify quantity 
of specific DNA regions, Bottom Right: example plot output from SNP 
analyses.

https://www.afsc.noaa.gov/Publications/techmemos.htm
https://www.afsc.noaa.gov/Publications/techmemos.htm
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Although the precision of the estimates is influenced by 
the number of samples, an acceptable degree of accuracy 
can be obtained with subsamples from large collections 
(Whittle et al. 2015).

The method of sampling is simple to explain; however, 
it can be difficult to execute given the hundreds of 
fishing trips, the large number of participating vessels, 
and the wide geographic area of the pollock fishery. 
Even with these obstacles, genetic sampling has been 
representative of the entire bycatch, a feat largely 
attributable to the professional fishery observers and 
cooperation of the fishing industry. For example, the 
plot of the 2015 chum salmon bycatch census versus the 
number of genetic samples collected for each fishing 
vessel closely matches the proposed sampling rate of 1 
in 30 fish encountered (Figure 8). The stock composition 
estimates of samples collected systematically were 
generally similar to those from prior years when samples 
were collected opportunistically, a result likely reflective 
of the dispersion of stocks in the Bering Sea and the 
relative randomization of collection dates and locations for 
even the opportunistically collected samples. Systematic 
sampling for both the Chinook and chum salmon bycatch 
in the Bering Sea continues to this day.

The North Pacific Fishery Management Council 
(Council) has the primary responsibility for groundfish 
management of marine fisheries in Alaska that are 
conducted in the exclusive economic zone, between 3 and 
200 nautical miles offshore. The stock composition results 
of the salmon bycatch are presented annually to the 
Council where we receive information requests that can 
help guide changes to fishery management plans. In recent 
years, the Council requested that stock compositions be 
completed for more refined temporal and spatial strata. 
This led to a collaboration with the Pacific States Marine 
Fish Commission to develop a graphical tool that we use to 
determine finer scale spatial and temporal strata of sample 
sets. The genotype data sets are now prepared for stock 
composition analyses based on the temporal and spatial 
strata of interest. In addition, new analyses are becoming 
possible as the ageing of scales is being completed at the 
Auke Bay Laboratories. In the future, age determination 
of the bycatch samples will enable additional stock 
compositions separated by year class.

Summary

The genetic stock composition analysis of the salmon 
bycatch from the Bering Sea pollock fishery is completed 
annually by the Alaska Fisheries Science Center and 
involves the collection of genetic samples through the 
Observer Program and the analysis of those samples at the 
Auke Bay Laboratories. The work has evolved from stock 
composition analyses of allozymes from opportunistic 
sampling, to a DNA-based approach of systematically 
collected samples. The need to understand the impacts of 
groundfish trawl fisheries on salmon stocks is not unique 
to the Bering Sea and our efforts have expanded into the 
Gulf of Alaska where annual stock compositions of the 
Chinook salmon bycatch have been developed since 2011. 
The analyses of Gulf of Alaska samples include samples 
collected by the Observer Program from the pollock trawl 
fishery (e.g., Guthrie et al. 2017), as well as by the fishing 
industry, which voluntarily collects genetic samples of 
Chinook salmon from the rockfish and arrowtooth flounder 
trawl fisheries.

In the United States, the Magnuson-Stevens Fishery 
Conservation and Management Act (Magnuson-Stevens 
Act) was first passed in 1976 and established a series 
of eight fishery management councils (Figure 9), with 
the NMFS the designated action agency. U.S. marine 
fisheries are scientifically monitored, regionally managed, 
and legally enforced under a number of requirements, 
including ten national standards. The National Standards 
are principles that must be followed in any fishery 
management plan to ensure sustainable and responsible 
fishery management (see https://www.fisheries.noaa.gov/
national/commercial-fishing/national-standard-guidelines). 
These National Standards incorporate regulations for both 
the intended fishery and the associated bycatch.

Figure 8. Number of genetic samples collected from the number of 
chum salmon caught by fishing vessels (blue dots) during the 2015 
Bering Sea pollock fishery. The diagonal line represents the expected 
sampling rate.

North Pacific Fishery Management Council (picture from https://
www.npfmc.org/joint-protocol-committee/).

https://www.fisheries.noaa.gov/national/commercial-fishing/national-standard-guidelines
https://www.fisheries.noaa.gov/national/commercial-fishing/national-standard-guidelines
https://www.npfmc.org/joint-protocol-committee/
https://www.npfmc.org/joint-protocol-committee/
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