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Abstract
This study evaluated the feasibility of inseason genetic stock identification of Chinook
salmon (Oncorhynchus tshawytscha) harvested in fisheries of the Lower Yukon River.
There was no directed commercial Chinook salmon fishery in 2008, therefore the Lower
Yukon Test Fishery was sampled as an alternative. Tissue samples were collected from a
total of 1,290 Chinook salmon, and 900 of these samples, representing the three main
pulses detected in the fishery, were analyzed. Each pulse was analyzed separately
inseason. Stock composition estimates for each pulse were obtained, for a minimum of
three broad-scale reporting regions, within 36 hours of samples arriving at the Alaska
Department of Fish and Game genetics laboratory in Anchorage. The proportion of
Canadian-origin Chinook salmon in each pulse was estimated from a high of 53% during
the first pulse to a low of 43% during the second pulse. Low overall run strength
combined with inseason genetics information on the Canadian-bound proportion of the run
highlighted concerns regarding the run’s capacity to meet the escapement goal at the
Canadian border and subsistence harvests. Subsequently, fishery managers implemented
reductions in the subsistence fishery and delayed the summer chum salmon commercial
fishery.

Introduction
Management of the Yukon River salmon fishery is difficult and complex because of the
inability to determine stock specific abundance and timing, overlapping multi-species
salmon runs, the gauntlet nature of Yukon River fisheries, allocation issues between
lower river and upper river Alaskan fishermen, allocation and conservation issues
between Alaska and Canada, and the immense size of the drainage. Salmon fisheries
within the Yukon River may harvest stocks that are up to several weeks and over a
thousand miles from their spawning grounds. It is not possible to manage for individual
stocks in most areas where commercial and subsistence fisheries occur.

Hence, successful management of mixed stock fisheries depends in large part on reliable
indexes of abundance and run timing, and estimates of stock composition in the run and
harvest (Larkin 1981; Allendorf et al. 1987). On the Yukon River, while significant
resources are expended towards estimating Chinook salmon run size inseason, managers
have no inseason information on the stock composition of the Chinook salmon run or
harvest. Because a primary objective for managers is to allow a target range of Canadian-
origin Chinook salmon to pass the international border, based on the Yukon River
Salmon Agreement, a bilateral international treaty, knowing the abundance of Canadian-
origin Chinook salmon in the commercial catch may inform management decisions made
during the fishing season.

Since 2004, the stock composition of Chinook salmon harvests in the subsistence and
commercial Chinook salmon fisheries of the Yukon River has been obtained by genetic
stock identification (GSI), based on the comprehensive baseline of DNA markers
(Templin et al. 2006). In 2006, stock identification of the harvest used the baseline of
Single Nucleotide Polymorphism (SNP) markers which had been augmented by
increasing the populations represented and the number of SNP markers surveyed
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(Templin et al. 2008). The SNP marker baseline has been shown to provide more
complete coverage and greater resolution with the necessary levels of precision and
accuracy than was previously available from scale pattern analysis. This same baseline
was used for stock identification in 2007 and for this study (Table 1 or Appendix 1).

The primary application of this information has been to determine the proportion of
Canadian-origin Chinook salmon in fishery harvests in U.S. waters of the Yukon River
(JTC 2008). These data have ramifications for the management of U.S and Canadian
fisheries, particularly because the U.S. must meet treaty-defined goals for passage of
Chinook salmon into Canada.

Objectives

There are two objectives to this study: 1) To analyze Chinook salmon tissue samples
from all Yukon River District 1 (Y-1) commercial periods with results reported post-
season and 2) To analyze Chinook salmon tissue samples from three commercial periods
in the lower Yukon River in 2008 to estimate the stock composition of those harvests
inseason and test the potential application of stock proportion data to inseason
management decision making. If no directed Chinook salmon commercial fishery occurs
in 2008, samples from three pulses of Chinook salmon from the Lower Yukon Test
Fishery (LYTF) will be analyzed inseason after the pulses are identified by the test
fishery.

Methods

Sample collection
Alaska Department of Fish and Game (ADF&G) field crews collected tissue (axillary
process) during normal age, sex, and length (ASL) sampling of the LYTF. LYTF
samples were collected over the course of the Chinook salmon run (approximately June 1
to July 15) from all three mouths of the Yukon River using set gillnets with 8.5-inch
mesh. Tissues were clipped from each salmon, placed in an individually labeled plastic
tube, and preserved in denatured ethanol. Samples were flown back to the ADF&G Gene
Conservation Laboratory (GCL) in Anchorage at the conclusion of each of three pulses
detected in the LYTF. Samples from each pulse were analyzed and results were reported
within 36 hours of receipt at the GCL. Sample sizes for collections from the fisheries
were set such that the accuracy and precision of stock composition estimates would be
within 5% of the true value 90% of the time.

Laboratory analyses
All Chinook salmon samples collected were genotyped by the GCL for 48 SNP loci using
a BioMark 48.48 Dynamic Array (Fluidigm http://www.fluidigm.com/biomark_
genotyping.htm). The BioMark 48.48 Dynamic Array contains a matrix of integrated
channels and valves housed in an input frame. On one side of the frame are 48 inlets to
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accept the sample DNA from each individual fish, and on the other are 48 inlets to accept
the assays for each of the SNP markers. Once in the wells, the components are
pressurized into the chip using the NanoFlex 4-IFC Controller. The 48 samples and 48
assays are then systematically combined into 2,304 parallel reactions. Each reaction was
conducted in a 6.75 nL volume consisting of 1xTaqMan Universal Buffer (Applied
Biosystems), 1.5 U AmpliTaq Gold DNA Polymerase (Applied Biosystems), 9 mM of
each polymerase chain reaction (PCR) primer, 2 mM of each probe, 1xDA Assay
Loading Buffer (Fluidigm), 12.5xROX (Invitrogen), and 0.01% Tween-20. Thermal
cycling were performed on a BioMark IFC Cycler as follows: an initial denaturation of
10 min at 95°C followed by 50 cycles of 92° for 15 s and 60° for 1 min. The Dynamic
Arrays were read on a BioMark Real-Time PCR System after amplification and scored
using BioMark Genotyping Analysis software (Fluidigm).

Genotypes collected were entered into the Gene Conservation Laboratory Oracle
database, LOKI. Quality control measures were performed post-season and included
reanalysis of 8% of each collection for all markers to insure that genotypes were
reproducible and to identify laboratory errors.

Mixture Analysis
Stock composition estimates for the stock groups of management interest were generated
using BAYES (Pella and Masuda 2001). Individual population or stock estimates were
first calculated, and then summed into reporting regions. The 90% confidence interval for
all group contribution estimates was computed from the posterior distribution of stock
composition estimates generated during the estimation procedure.

While estimates of Canadian-origin Chinook salmon in the harvest are most important,
the resolution of stock contribution estimates was the same provided for post-season
estimates (Templin et al. 2008). Stock composition estimates were reported for three
hierarchical levels when sample sizes were > 200 as follows: 1) country of origin (U.S
and Canada), 2) broad scale (Lower Yukon, Middle Yukon, and Canada), and 3) fine
scale (Lower Yukon, Tanana, Upper U.S. Yukon, Canada Border, Pelly, Carmacks and
Takhini). When sample sizes were < 200, only the first two levels of the hierarchy were
reported. Increasing the resolution to three reporting groups in the U.S. (Lower River,
Tanana, and Upper Koyukuk/Upper U.S. Yukon) has been supported by simulation
studies of the baseline.

Results

Due to the lack of a directed commercial fishery for Chinook salmon in 2008, the
alternative objective of sampling three pulses of Chinook salmon from the LYTF
inseason was accomplished and the results are detailed in this report.
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A total of 1,290 Chinook salmon were sampled from the LYTF in 2008. Of these, 583
were from the Big Eddy site and 707 were from the Middle Mouth and North Mouth
(henceforth referred to as Middle Mouth) sites combined. A subsample of 900 Chinook
salmon, 400 and 500 from Big Eddy and Middle Mouth respectively, were analyzed for
this study (Table 1) (Fig. 1). Each sample was analyzed for 48 SNP loci, yet only the 26
SNPs used in the baseline (Templin et al. 2008) were used for mixture analysis in this
study (Table 2). Quality control analysis indicated an overall genotyping success rate of
98.63% and an overall discrepancy rate between the initial and re-analyzed genotypes of
0.11%.

Three pulses of Chinook salmon were detected passing through the LYTF (Table 1):
(Figure 2). Pulses are identified by increases in LYTF catch per unit effort (CPUE) for a
sustained period of 3-5 days followed by a substantial decrease in CPUE. The conclusion
of the first pulse was identified by a decline in the daily catch from a high of 122 on June
16 and 358 samples caught through June 17 were flown back to Anchorage and analyzed.
Stock composition estimates indicated that the proportion of Canadian-origin Chinook
salmon present in the LYTF from June 3 through June 17 was 53%. The estimates for
Big Eddy and Middle Mouth for the same period were 50% and 55% respectively (Table
3).

The conclusion of the second pulse was detected by a decline in the daily catch from a
high of 117 on June 24 and 327 samples caught between June 18 and June 25 were flown
back to GCL and analyzed. Stock composition estimates indicated that the proportion of
Canadian-origin Chinook salmon present in the LYTF from June 18 through June 25 had
declined to 43%. The estimates for Big Eddy and Middle Mouth for the same period were
52% and 40%, respectively (Table 4).

The end of the third pulse was detected by a decline in the daily catch from a high of 205
on June 27 and 215 samples caught through June 29 were flown back to GCL and
analyzed. Stock composition estimates showed that the proportion of Canadian-origin
Chinook salmon present in the LYTF from June 26 through June 29 was 44%. The
estimates for Big Eddy and Middle Mouth for the same period were 57% and 32%
respectively, (Table 5).

The estimates for each of the three pulses analyzed were available within 36 hours of
receipt of samples at the GCL.

Discussion

The 2008 Yukon River Chinook salmon run was well below average. Midway through the
season, it was clear that projected Chinook salmon run abundance would not support
average subsistence harvests in Alaska (approximately 50,000 Chinook salmon), meet
escapement goals in Alaska, and meet the interim management escapement goal (IMEG) of
>45,000 fish in Canada agreed to by the Yukon River Panel. Combined with low overall
run strength estimated at Pilot Station sonar, the inseason genetics information on the
Canada-bound proportion of the run highlighted concerns regarding the run’s capacity to
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meet both the Canadian border escapement goal, Alaska subsistence harvests, and
Canadian aboriginal harvests.

Based on inseason projections from the LYTF and Pilot Station sonar combined with
inseason genetics information, subsistence salmon fishing periods were reduced
chronologically upriver after the first pulse of Chinook salmon had passed consistent with
the migratory timing as the run progressed in an effort to conserve Chinook salmon. These
reductions beginning June 23 in District 1, while unfortunate, were needed to provide
adequate numbers of Chinook salmon on the spawning grounds.

This study detected a preference by Canadian-origin Chinook salmon for entering the south
mouth of the river, as evidenced by declining proportions through time at Middle Mouth
and corresponding increases at Big Eddy. The difference in proportions of Canadian-
origin Chinook salmon between Big Eddy and Middle mouth are significant for the third
pulse, given that the 90% confidence intervals do not overlap.

This pilot study showed that rapid production of stock composition estimates is possible
for lower Yukon River Chinook salmon fisheries. Frequent flight service from Emmonak
enabled timely delivery of samples, and all estimates were provided within 36 hours of
receipt at the GCL.
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Table 1. Chinook salmon samples analyzed inseason from the Lower Yukon Test
Fishery, 2008.

Location Gear Type Pulse Date
Number
analyzed

Big Eddy Set gillnet A 6/3 - 6/17 183
B 6/18 - 6/25 105
C 6/26 - 6/29 112

Total Big Eddy 400

Middle Mouth Set gillnet A 6/5 - 6/17 175
B 6/18 - 6/25 222
C 6/26 - 6/29 103

Total Middle Mouth 500

Total 900
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Table 2. Single nucleotide polymorphisms used in this study.

Locus Source
Ots_E2-275 Smith et al. 2005a
Ots_ETIF1A GAPs locus
Ots_FGF6A Unpublished
Ots_FGF6B Unpublished
Ots_GH2 Smith et al. 2005b
Ots_GPDH-338 Smith et al. 2005a
Ots_GST-207 Smith et al. 2007
Ots_hnRNPL-533 Smith et al. 2007
Ots_HSP90B-100 Smith et al. 2007
Ots_HSP90B-385 Smith et al. 2007
Ots_IGF-I.1-76 Smith et al. 2005a
Ots_il-1racp-166 Smith et al. 2005a
Ots_MHC1 Smith et al. 2005b
Ots_MHC2 Smith et al. 2005b
Ots_SWS1op-182 Smith et al. 2005a
Ots_P53 Smith et al. 2005b
Ots_Prl2 Smith et al. 2005b
S7-1 GAPs locus
Ots_SClkF2R2-135 Smith et al. 2005a
Ots_SERPC1-209 Smith et al. 2007
Ots_SL Smith et al. 2005b
Ots_Tnsf Smith et al. 2005b
Ots_u202-161 Smith et al. 2005a
Ots_u4-92 Smith et al. 2005a
unkn526 GAPs locus
Ots_u6-75 Smith et al. 2005a
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Table 3. Estimated proportional contributions (Est), standard deviations (S.D.), and 90% confidence intervals of Chinook salmon
caught in the Lower Yukon Test Fishery, representing the first pulse (“A”), 2008. The estimated group proportions are given for each
of three hierarchical levels.

Big Eddy Middle Mouth Big Eddy and Middle Mouth
June 3-17 June 5-17 June 3-17

N = 183 N = 175 N = 358
Reporting Group Est S.D. 90%CI Est S.D. 90%CI Est S.D. 90%CI
Country

United States 0.505 0.055 (0.413-0.594) 0.450 0.053 (0.365-0.540) 0.468 0.043 (0.399-0.540)
Canada 0.495 0.055 (0.406-0.587) 0.550 0.053 (0.460-0.635) 0.532 0.043 (0.460-0.602)

Broad-scale
Lower Yukon 0.110 0.028 (0.066-0.160) 0.167 0.034 (0.114-0.224) 0.139 0.022 (0.104-0.177)

Middle Yukon 0.395 0.058 (0.301-0.490) 0.283 0.052 (0.202-0.375) 0.328 0.044 (0.259-0.405)
Canada 0.495 0.055 (0.406-0.587) 0.550 0.053 (0.460-0.635) 0.532 0.043 (0.460-0.602)

Fine-scale
Lower Yukon 0.139 0.022 (0.104-0.177)

Upper U.S. Yukon 0.063 0.050 (0.000-0.150)
Tanana 0.265 0.038 (0.204-0.328)

Canada Border 0.235 0.041 (0.170-0.304)
Pelly 0.168 0.061 (0.071-0.271)

Carmacks 0.128 0.045 (0.058-0.202)
Takhini 0.001 0.002 (0.000-0.004)
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Table 4. Estimated proportional contributions (Est), standard deviations (S.D.), and 90% confidence intervals of Chinook salmon
caught in the Lower Yukon Test Fishery, representing the second pulse (“B”), 2008. The estimated group proportions are given for
each of three hierarchical levels.

Big Eddy Middle Mouth Big Eddy and Middle Mouth
June 18-25 June 18-25 June 18-25

N = 105 N = 222 N = 327
Reporting Group Est S.D. 90%CI Est S.D. 90%CI Est S.D. 90%CI
Country

United States 0.485 0.062 (0.384-0.588) 0.602 0.045 (0.530-0.676) 0.568 0.037 (0.507-0.628)
Canada 0.515 0.062 (0.412-0.616) 0.398 0.045 (0.324-0.471) 0.432 0.037 (0.372-0.493)

Broad-scale
Lower Yukon 0.210 0.047 (0.136-0.290) 0.332 0.038 (0.271-0.397) 0.290 0.030 (0.242-0.341)

Middle Yukon 0.276 0.060 (0.179-0.379) 0.270 0.047 (0.197-0.350) 0.278 0.037 (0.217-0.340)
Canada 0.515 0.062 (0.412-0.616) 0.398 0.045 (0.324-0.471) 0.432 0.037 (0.372-0.493)

Fine-scale
Lower Yukon 0.332 0.038 (0.271-0.397) 0.290 0.030 (0.242-0.341)

Upper U.S. Yukon 0.059 0.050 (0.000-0.149) 0.069 0.041 (0.002-0.140)
Tanana 0.211 0.046 (0.137-0.286) 0.208 0.037 (0.148-0.271)

Canada Border 0.073 0.034 (0.021-0.132) 0.065 0.029 (0.020-0.116)
Pelly 0.231 0.072 (0.116-0.353) 0.201 0.057 (0.111-0.298)

Carmacks 0.092 0.055 (0.001-0.184) 0.165 0.049 (0.088-0.247)
Takhini 0.003 0.006 (0.000-0.016) 0.002 0.005 (0.000-0.012)
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Table 5. Estimated proportional contributions (Est), standard deviations (S.D.), and 90% confidence intervals of Chinook salmon
caught in the Lower Yukon Test Fishery, representing the third pulse (“C”), 2008. The estimated group proportions are given for each
of three hierarchical levels.

Big Eddy Middle Mouth Big Eddy and Middle Mouth
June 26-29 June 26-29 June 26-29

N = 112 N = 103 N = 215
Reporting Group Est S.D. 90%CI Est S.D. 90%CI Est S.D. 90%CI
Country

United States 0.433 0.059 (0.337-0.531) 0.679 0.065 (0.567-0.780) 0.556 0.045 (0.481-0.629)
Canada 0.567 0.059 (0.469-0.663) 0.322 0.065 (0.220-0.433) 0.444 0.045 (0.371-0.519)

Broad-scale
Lower Yukon 0.267 0.049 (0.190-0.351) 0.394 0.063 (0.294-0.501) 0.332 0.040 (0.267-0.400)

Middle Yukon 0.166 0.052 (0.086-0.256) 0.284 0.074 (0.160-0.404) 0.224 0.043 (0.156-0.296)
Canada 0.567 0.059 (0.469-0.663) 0.322 0.065 (0.220-0.433) 0.444 0.045 (0.371-0.519)

Fine-scale
Lower Yukon 0.332 0.040 (0.267-0.400)

Upper U.S. Yukon 0.166 0.055 (0.082-0.262)
Tanana 0.058 0.042 (0.000-0.128)

Canada Border 0.006 0.014 (0.000-0.036)
Pelly 0.046 0.045 (0.000-0.130)

Carmacks 0.339 0.057 (0.245-0.433)
Takhini 0.053 0.026 (0.013-0.100)
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Figure 1. The LYTF site location for the Yukon River drainage, 2008.
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Figure 2. Daily catch of Chinook salmon in the LYTF, 2008. Vertical dashed lines denote
the temporal separation of collections for the purpose of sampling three distinct pulses of
Chinook salmon through the fishery.
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Figure 3. Relative stock composition of three broad-scale reporting groups in the
Chinook salmon caught in the Lower Yukon Test Fishery at Big Eddy (BE) and Middle
Mouth (MM), representing the first pulse (“A”), 2008. Error bars denote the bounds of
the 90% bootstrap confidence interval.
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Figure 4. Relative stock composition of three broad-scale reporting groups in the
Chinook salmon caught in the Lower Yukon Test Fishery at Big Eddy (BE) and Middle
Mouth (MM), representing the second pulse (“B”), 2008. Error bars denote the bounds of
the 90% bootstrap confidence interval.
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Figure 5. Relative stock composition of three broad-scale reporting groups in the
Chinook salmon caught in the Lower Yukon Test Fishery at Big Eddy (BE) and Middle
Mouth (MM), representing the third pulse (“C”), 2008. Error bars denote the bounds of
the 90% bootstrap confidence interval.


