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Introduction  
 In western Alaska, chum salmon (Oncorhynchus keta) are critical for subsistence, 

commercial, and cultural reasons.  Over the last couple of decades, declines in chum salmon 

returns in some western Alaskan drainages prompted various disaster declarations by the 

Governor of Alaska and federal agencies (Nelson 2011).  In addition, chum salmon fisheries on 

the Yukon and Kuskokwim Rivers have been complicated in recent years by various restrictions 

designed to limit the take of Chinook salmon, which are currently at very low abundance 

(ADF&G 2013).    

  

The summer and fall Yukon River chum salmon runs are managed by the Alaska 

Department of Fish and Game (ADF&G) to provide for escapement and maximize harvest 

opportunity.  Summer-run chum salmon generally spawn in the lower to middle reaches of the 

Yukon drainage whereas fall-run chum salmon are typically larger and generally spawn in 

spring-fed regions of the middle to upper reaches in Alaska and Canada.  The middle region of 

the Yukon drainage includes the Tanana and Koyukuk Rivers, which have both runs of chum 

salmon.  The summer run of chum salmon has averaged 1.8 million fish between 2000 and 2012 

and the fall run has averaged 864 thousand fish over the same time period (JTC 2013; Kathrine 

Howard, ADF&G, Anchorage, AK. Pers. commun., August 2013), although there is variation in 

the two run strengths between years.  Concern about fall-run chum salmon abundance in some 

years has resulted in reduced subsistence fishing opportunities and has created challenges in 

fulfilling treaty obligations with Canada that specify escapement objectives (Bue et al. 2009).  

  

To date, there is very little information about the survival of juvenile Yukon River chum 

salmon in their freshwater or saltwater environments (AYK SSI 2006).  Juvenile chum salmon 
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outmigrate from the Yukon River in the spring (Hillgruber and Zimmerman 2009) and are found 

in the pelagic waters on the eastern Bering Sea shelf during summer and fall months (Farley et 

al. 2009).  Juvenile chum salmon have been collected as part of annual United States 

BeringAleutian Salmon International Surveys (BASIS) in the eastern Bering Sea since 2002.  A 

previous genetic stock composition analysis of the 2002 juvenile chum salmon based on 

allozyme markers (Farley et al. 2004) determined that a substantial proportion of juvenile chum 

salmon samples collected in this area were from the Yukon River; however, samples from other 

years remained unanalyzed.  The 2002 year samples were collected between lat. 55-65°N, an 

area ranging from south of the Kuskokwim River to Norton Sound.  Genetic analysis showed 

that the genetically distinct Yukon River fall-run chum salmon stocks were located 

predominantly north of lat. 60°N.  Given the genetic similarity among coastal Bering Sea chum 

salmon populations (summer stocks) and the difficulty of genetically distinguishing lower river 

Yukon and Kuskokwim chum salmon summer runs, the genetic analysis of the 2003-2007 

juvenile chum salmon focused on samples collected between approximately lat. 58-64°N, an area 

for which juvenile chum salmon are likely to be from the Yukon River and for which relative 

abundances between summer- and fall-run juvenile indices may more likely correlate with adult 

Yukon River returns.      

Project Objectives  
Project Objective 1:  Determine the extent of stock contribution of juvenile chum salmon on the 

eastern Bering Sea shelf off the mouth of the Yukon River and compare the distribution across 

years.  

  

Project Objective 2:  Develop a relative abundance index of Yukon River summer- and fall-run 

for juvenile chum salmon on the eastern Bering Sea shelf.   

  

Project Objective 3:  Examine the potential to correlate juvenile relative abundances with adult 

returns for summer and fall Yukon River chum salmon runs.    
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Figure 1.  Sampling locations in the Bering Sea.  Juvenile chum salmon were collected at 

stations between approximately lat. 58-65°N as part of the annual BASIS cruises in 2003-2007.  

The three areas (purple, red, and blue boxes) are referred to later in the report.    

  

  

Methods  
Sample collection and DNA extraction  

Juvenile chum salmon samples were collected on the eastern Bering Sea shelf during late 

summer-early fall from 2003 through 2007 as part of annual BASIS cruises completed by the 

National Marine Fisheries Service (Figure 1; Farley et al. 2005; Farley and Moss 2009).  Fish 

were collected with a mid-water rope trawl that was towed at or near the surface during daylight 

hours (0730-2100, Alaska Daylight Savings Time); all tows lasted 30 min and covered 2.8 to 4.6 

km.  A maximum of 50 juvenile chum salmon per station were collected and frozen for later 

analysis.  

  

  

Bering Sea 

Alaska 

Russia 

Yukon R. 

Kuskokwim R. 
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DNA was extracted from 5,002  juvenile chum salmon tails or opercles with DNeasy 

Blood and Tissue Kits (QIAGEN, Inc., Germantown, Maryland)1 and Corbett X-tractor Gene 

reagents (Corbett Robotics Pty. Ltd., Australia) as described by the manufacturers, and processed 

with a Corbett CAS1820 X-tractor Gene robot (Corbett Robotics Pty. Ltd., Australia)1. Extracted 

DNA was stored in 96-well DNA plates at -20ºC.  

  

  

  
  

Figure 2.  Sample spatial distribution of juvenile chum salmon collected in the eastern Bering  

Sea from the 2003-2007 BASIS cruises.  Samples that were genotyped are designated as 

“Samples” whereas the total catch from the survey is designated as “Catch”.  Stations surveyed 

with no juvenile salmon caught in the sample are designated with a “+”.  

                                                 
1 Reference to trade names does not imply endorsement by the National Marine Fisheries Service, NOAA.  
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Figure 2.  Continued.   
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Figure 2.  Continued.   
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Microsatellite genotyping  

Genotypes of the juvenile chum salmon were obtained for 11 of the microsatellite loci 

represented in the coastwide chum salmon genetic baseline (Beacham et al. 2009a). The 

microsatellite loci were amplified with the polymerase chain reaction (PCR) in three multiplexed 

panels.  Each PCR was conducted in a 5 µL volume containing ~10 ng of DNA, 2.5 µL QIAGEN 

Multiplex PCR Mastermix, 0.2 µM of each primer, and RNase-free water.  Primer sequences for 

the 11 loci have been described in the following publications: Oki100 (Beacham et al. 2009b), 

Omm1070 (Rexroad et al. 2001), Omy1011 (Spies et al. 2005), One101, One102, One104, 

One114 (Olsen et al. 2000), Ots103 (Nelson and Beacham 1999), Ots3 (Banks et al. 1999), 

Otsg68 (Williamson et al. 2002), and Ssa419 (Cairney et al. 2000). Thermal cycling for the PCR 

amplification of DNA fragments was performed on a dual 384-well GeneAmp PCR System 9700 

(Life Technologies, Inc., Carlsbad, CA). Loci in Panel A (Omm1070, Omy1011,  

One102) were amplified with the following protocol: initial denaturation at 95ºC for 15 min, then 

16 cycles at 94ºC for 30 sec, 60ºC (-0.5ºC per cycle) for 90 sec, and 72ºC for 1 min, then 24 

cycles at 94ºC for 30 sec, 52ºC for 90 sec, and 72ºC for 1 min, followed by a final 

polymerization step at 60ºC for 30 min and then storage at 15ºC until removal from the 

thermocycler.  Loci in Panels B (Oki1002, One101, Ots3, Ssa419) and C (One104, One114, 

Ots103, Otsg68) were amplified with the following protocol: initial denaturation at 95ºC for 15 

min, then 34 cycles at 94ºC for 30 sec, 60ºC for 1.5 min, and 72ºC for 1 min, followed by a final 

polymerization step at 60ºC for 30 min and then storage at 15ºC until removal from the 

thermocycler.    

  

Samples from the PCR reactions were diluted into 96-well plates for analysis with a 

16capillary, 36 cm array on the Applied Biosystems (ABI) 3130xl Genetic Analyzer as follows: 

1 µL diluted (1:25) PCR product, 4.4 µL Hi-Di™ formamide, 4.4 µL de-ionized water, 0.2 µL 

GeneScan™ 600 LIZ® size standard (Life Technologies, Inc., Carlsbad, CA).  Samples were 

denatured at 95ºC for 3 min, then cooled to 4ºC and stored until analysis on the ABI 3130xl.   

Genotypes were identified with GeneMapper® 4.0 software (Life Technologies, Inc., Carlsbad, 

CA) and exported to Excel (Microsoft, Inc.) spreadsheets for further analysis.  

  

Microsatellite allele conversion to mixture format and stock composition analysis  

A single nucleotide polymorphism (SNP; Seeb et al. 2011) and a combined SNP/microsatellite 

baseline (Kondzela et al. 2013a) are now available and may provide additional resolution in the 

future; however, the coastwide microsatellite chum salmon baseline (Beacham et al. 2009a) has 

been optimized for use in our laboratory (Kondzela et al. 2012, 2013b) and was used for this 

study.  Baseline allele frequencies were downloaded from Fisheries  

and Oceans Canada (DFO) Molecular Genetics web page (http://www-

sci.pac.dfompo.gc.ca/mgl/data_e.htm) and baseline files compatible with software programs 

SPAM 3.7 (ADF&G 2003) and BAYES (Pella and Masuda 2001) were created.    

  

For the mixture files, allele designations were converted to match those in the baseline.  

Compatibility of our allele designations to the coastwide baseline was confirmed previously with 

                                                 
2 The difficulty of genotyping Oki100 when it was co-amplified with the other loci in Panel B led to separate 

amplification of this locus partway through the project. The post-PCR product was pooled with that of the other loci 

in Panel B prior to analysis on the ABI 3130xl.  
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a set of samples from the DFO Molecular Genetics Lab that was analyzed on the Auke Bay 

Laboratory’s ABI 3130xl Genetic Analyzer (Kondzela et al. 2013a).  Genotypes from converted 

mixtures were then exported from Excel as text files, and C++ programs were used to format the 

data into mixture files compatible with the SPAM and BAYES software programs used to make 

stock composition estimates.    

  

BAYES software uses a Bayesian algorithm to produce stock composition estimates 

(Pella and Masuda 2001), whereas SPAM uses a conditional maximum likelihood approach 

(ADF&G 2003).  Convergence of the SPAM estimates was monitored with the “Percent of 

Maximum” value which exceeded the 90% guaranteed percent achievement of the maximal 

likelihood for all estimates.  For each BAYES analysis, four Monte Carlo chains starting at 

disparate values of stock proportions were configured such that 95% of the stocks came from one 

designated region with weights equally distributed among the stocks of that region. The 

remaining 5% was equally distributed among remaining stocks from all other regions. For all 

estimates, a flat prior by region was used for all baseline populations. The stock composition 

analyses were completed for a chain length of 50,000 with the first 25,000 deleted during the 

burn-in phase.  Convergence of the chains to posterior distributions of stock proportions was 

determined with Gelman and Rubin shrink statistics, which were all 1.02 or less for all the 

estimates, conveying strong convergence to a single posterior distribution (Pella and Masuda 

2001).   

  

Baseline evaluation  

A subset of the coastwide chum salmon baseline was used to develop a western Alaska 

specific baseline which was then evaluated to determine finer-scale regional population 

groupings for stock composition analyses of the juvenile chum salmon mixtures.  Larger 

reporting groups can increase estimation accuracy and provide comparable aggregations for 

evaluating data across years or studies whereas small population groupings can have higher 

misallocation errors but might better inform local population effects.  Population genetic 

structure was examined in two ways.  First, principle coordinate analysis (PCO) of chord 

distances (Cavelli-Sforza and Edwards 1967) was completed from allele frequencies of baseline 

populations in the software NT-SYS (Applied Biostatistics, Inc.).  Second, baseline simulation 

analyses were performed to evaluate the effectiveness of the baseline to allocate stocks to the 

correct regions.  Simulation analyses were performed with SPAM 3.7 software by reallocating 

hypothetical mixtures of 400 fish from a single region to determine the percentage that 

reallocated back to the correct region.  Accuracy analyses made with the maximum likelihood 

approach are generally considered optimistic (Anderson 2010). Therefore, analyses were done by 

using both baseline population resampling and non-resampling methods to evaluate the 

sensitivity of the stock estimation analyses to small changes in baseline allele frequencies that 

could be introduced due to baseline sampling error.  

  

Relative abundance index of Yukon River summer- and fall-run chum salmon  

Return estimates by age-class for Yukon River chum salmon for years 2000-2012 were 

provided by the Alaska Department of Fish and Game (Estensen et al. 2013; Kathrine Howard, 

pers. commun., August 2013).  To follow returns of specific juvenile chum salmon year classes, 

the proportion of salmon that would have returned as part of the fall-run was determined by 
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summing the summer and fall year class returns from future years.  A yearly relative abundance 

index for Yukon River fall-run adult chum salmon was then computed by dividing the proportion 

of fall-run chum salmon by the total Yukon River chum salmon return.  For the juvenile chum 

salmon samples collected at sea, the proportion of fall-run fish were determined by dividing the 

fall-run genetic composition estimate by the total Yukon River genetic composition estimate 

(summer plus fall).   

  

Association of juvenile and adult abundances for Yukon River chum salmon.    

A correlation analysis was performed with software Minitab® 17 (Minitab Inc., State  

College, Pennsylvania) to determine if there was a relationship between the relative proportion of 

Yukon River fall-run juveniles collected at sea and (1) the relative proportions of fall-run adults 

that produced the juveniles, or (2) the relative proportions of subsequent fall-run adult returns.    

Results  
Genotyping  

Of the 5,002 juvenile chum salmon samples analyzed, 4,874 samples were successfully 

genotyped for 8 or more of the 11 loci (Table 1).  Samples genotyped for less than 8 loci were 

removed from analysis (Dann et al. 2009).  The remaining 4,874 samples had genetic 

information for an average of 10.91 loci (out of 11).  There were 4,488 samples with data for all 

11 loci, 332 with 10 loci, 42 with 9 loci, and 12 with 8 loci.   

  

  

  

Table 1.  Number of successfully 

genotyped juvenile chum salmon 

samples that were collected in the 

eastern Bering Sea during 2003-2007 

BASIS cruises.    

  

  

  

  

Quality control of sample handling and genotyping was examined by plating DNA from 

the bottom row of 32 DNA elution plates for a total of 384 samples (7.7% of 5,002 samples) that 

were then processed for genotyping as described above.  Genotypes from the quality control 

dataset were then compared to the genotypes of the original dataset (Table 2).  Overall, the 

genotyping error was very low; there were a total of 32 differences in allele designations across 

11 loci, which represented an overall discrepancy rate of 0.4% (32/8,258, where 8,258 is the 

number of alleles with unquestionable scores obtained from the original and quality control 

datasets).  About one-third of the differences were at locus Oki100, in which 9 of the 11 

differences were due to mis-identification of heterozygotes as homozygotes.  Concern over these 

results led to re-amplification of all samples with homozygous genotypes at Oki100 that had been 

originally co-amplified with the other loci in Panel B. Of the 394 re-amplified samples with non-

questionable genotypes, 51 were re-genotyped as heterozygotes.  This bias resulted in a lab 

Year  

Genotyped 

Number  Collection date  

2003  1,069  8/21-10/8  

2004  887  8/27–9/28  

2005  794  8/15–10/5  

2006  1,011  9/3–9/20  

2007  1,113  9/5–10/6  

Total  4,874    
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protocol change to amplify Oki100 separately.  All of the 30 homozygous samples re-amplified 

for Oki100 that were also used in the quality control analyses had 100% genotype concordance.  

  

Table 2.  Number of allele differences by locus between the original and quality control datasets 

for samples with non-questionable genotypes (prior to Oki100 protocol change).  

  

Marker  

Number alleles run  Number alleles 

compared  

Number  

differences  % Differences  

Oki100  768  700  11  1.6  

Omm1070  768  744  0  0  

Omy1011  768  746  5  0.7  

One101  768  748  5  0.7  

One102  768  752  7  0.9  

One104  768  762  0  0  

One114  768  756  2  0.3  

Ots103  768  762  0  0  

Ots3  768  764  0  0  

OtsG68  768  760  1  0.1  

Ssa419  768  764  1  0.1  

  

  

Microsatellite baseline – species wide groupings  

The Pacific Rim chum salmon microsatellite baseline (Beacham et al. 2009a) was used to 

perform stock composition analysis.  This baseline consists of 381 populations that we 

aggregated into six large stock groupings (Figure 3).  To evaluate the ability of the 11 

microsatellite markers to effectively separate the six regional groupings in mixed-stock analyses, 

simulations were performed under two scenarios.  First, simulations were performed with 

baseline resampling, a method that includes the effects of baseline sensitivity (Table 3A).  

Second, a set of simulations were performed without baseline resampling, a method that assumes 

that the baseline allele frequencies are correct and fixed (Table 3B).  In both instances, the 

baseline reallocated stocks with a high degree of accuracy indicating that stock composition 

estimates derived from the use of this baseline are highly accurate.  

  

Stock composition estimates – species wide groupings  

  Stock composition estimates were made with the coastwide chum salmon baseline and 

six large regional groupings for samples collected between longitudes 172.50-166.75°W and 

latitudinal ranges: 58-63°N, 60-64°N, and 60-63°N (Table 4).  These areas were chosen based on 

a previous study that showed that juvenile chum salmon of Yukon River origin aggregated in 

these areas (Farley et al. 2004).  Most of the 2003-2007 juvenile chum salmon samples were 

from the Western Alaska and Upper/Middle Yukon regions.  Because most of the fish between 

lat. 58-63°N were from these two regions, a more parsimonious baseline was selected for 

additional stock composition analyses with finer-scale regional groupings.  
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Figure 3.  The six large regional groupings of spawning chum salmon stocks from throughout 

the Pacific Rim.  Baseline groupings were determined from genetic trees (Beacham et al. 2009a), 

principal coordinate analysis (not shown), and simulation analyses (see below).  

  

  

Table 3.  Coastwide chum salmon baseline evaluation with simulated mixtures in which 100% 

of the samples were derived from a single regional grouping.  Simulations were performed by 

using SPAM 3.7 software, with (Panel A) and without (Panel B) baseline resampling (read down 

columns).  

  

A. With baseline 

resampling  

SE 

Asia  

NE  

Asia  

Coastal  

West AK  

Up/Mid 

Yukon  

Southwest 

AK  

GOA- 

PNW  

SE Asia  

NE Asia  

Coastal West AK  

Up/Mid Yukon  

Southwest AK  

GOA-PNW  

0.87  0.04  0.00  

0.01  

0.00  

0.00  

0.06  

0.01  

0.05  

0.04  

0.00  

0.00  

0.01  

0.00  

0.00  

0.00  

0.04  

0.01  

0.00  

0.00  

0.02  

0.83  

0.05  

0.00  

0.01  

0.04  

0.96  

0.01  

0.00  

0.01  

0.93  

0.00  

0.00  

0.82  

0.07  0.98  

 B. Without 

baseline 

resampling  

  

SE  

Asia  

  

NE  

Asia  

  

Coastal  

West AK  

  

Up/Mid  

Yukon  

  

Southwest 

AK  

  

GOAPNW  

SE Asia  

NE Asia  

Coastal West AK  

Up/Mid Yukon  

Southwest AK  

0.99  0.00  0.00 

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.00  

0.98  

0.00  

0.00  

0.00  

0.98  

0.01  

0.00  

0.99  

0.00  0.99  

  

SE ASIA 

NE ASIA 
GOA/PNW 

SW AK 

W AK 

Up/Mid Yukon 
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GOA-PNW  0.00  0.01  0.00  0.00  0.01  0.99  

Table 4.  Regional genetic stock composition estimates, lower and upper 90% non-symmetric 

bootstrap confidence interval values, and standard errors for juvenile chum salmon collected 

during the summer/fall 2003-2007 BASIS cruises. The program SPAM 3.7 with a 

381population, 11-locus microsatellite Pacific Rim chum salmon baseline was used to estimate 

contributions from six large regional groupings. Estimates >5% are identified in bold font.  

  
58-63°N 60-64°N 60-63°N 

 
2003 
Grouping 

N=930 

Proportion Lower Upper SE 
SE Asia 
NE Asia 
Coast West AK 
Up/Mid Yukon 
Southwest AK 
GOA-PNW 

 0.000 0.000 
 0.008 0.001 
 0.839 0.817 
 0.142 0.114 
 0.005 0.000 
 0.006 0.000 

0.001 
0.013 
0.871 
0.166 
0.011 
0.010 

0.000 
0.000 
0.028 
0.005 
0.000 
0.000 

 

 
N=810 

Proportion Lower Upper SE 
0.001 0.000 0.002 0.000 
0.006 0.000 0.011 0.000 
0.874 0.854 0.905 0.031 
0.109 0.082 0.130 0.004 
0.002 0.000 0.003 0.000 
0.009 0.002 0.014 0.000 

 

 
N=671 

Proportion Lower Upper SE 
0.001 0.000 0.002 0.000 
0.009 0.000 0.016 0.000 
0.871 0.852 0.907 0.034 
0.106 0.076 0.128 0.004 
0.002 0.000 0.005 0.000 
0.010 0.001 0.015 0.000 

 

 
2004 
Grouping 

N=694 

Proportion Lower Upper SE 
SE Asia 
NE Asia 
Coast West AK 
Up/Mid Yukon 
Southwest AK 
GOA-PNW 

 0.002 0.000 
 0.031 0.017 
 0.627 0.591 
 0.330 0.293 
 0.009 0.002 
 0.001 0.000 

0.003 
0.043 
0.668 
0.364 
0.016 
0.002 

0.000 
0.001 
0.024 
0.013 
0.000 
0.000 

 

 
N=452 

Proportion Lower Upper SE 
0.005 0.000 0.009 0.000 
0.042 0.024 0.061 0.002 
0.612 0.569 0.661 0.029 
0.329 0.283 0.373 0.016 
0.012 0.001 0.020 0.001 
0.000 0.000 0.000 0.000 

 

 
N=348 

Proportion Lower Upper SE 
0.003 0.000 0.006 0.000 
0.009 0.000 0.017 0.001 
0.591 0.540 0.651 0.032 
0.386 0.328 0.437 0.021 
0.012 0.001 0.021 0.001 
0.000 0.000 0.000 0.000 

 

 
2005 
Grouping 

N=584 

Proportion Lower Upper SE 
SE Asia 
NE Asia 
Coast West AK 
Up/Mid Yukon 
Southwest AK 
GOA-PNW 

 0.000 0.000 
 0.005 0.000 
 0.725 0.689 
 0.263 0.218 
 0.002 0.000 
 0.003 0.000 

0.000 
0.009 
0.775 
0.303 
0.004 
0.007 

0.000 
0.000 
0.030 
0.011 
0.000 
0.000 

 

 
N=193 

Proportion Lower Upper SE 
0.000 0.000 0.000 0.000 
0.023 0.000 0.046 0.002 
0.808 0.761 0.875 0.058 
0.164 0.104 0.209 0.012 
0.000 0.000 0.000 0.000 
0.005 0.000 0.010 0.000 

 

 
N=185 

Proportion Lower Upper SE 
0.000 0.000 0.000 0.000 
0.024 0.000 0.046 0.002 
0.806 0.758 0.882 0.059 
0.164 0.098 0.209 0.012 
0.000 0.000 0.000 0.000 
0.005 0.000 0.011 0.000 

 

 
2006 
Grouping 

N=855 

Proportion Lower Upper SE 
SE Asia 
NE Asia 
Coast West AK 
Up/Mid Yukon 
Southwest AK 
GOA-PNW 

 0.000 0.000 
 0.005 0.000 
 0.702 0.670 
 0.290 0.251 
 0.000 0.000 
 0.003 0.000 

0.000 
0.008 
0.745 
0.323 
0.000 
0.005 

0.000 
0.000 
0.024 
0.010 
0.000 
0.000 

 

 
N=1004 

Proportion Lower Upper SE 
0.000 0.000 0.000 0.000 
0.005 0.000 0.009 0.000 
0.703 0.680 0.739 0.022 
0.289 0.257 0.315 0.009 
0.000 0.000 0.000 0.000 
0.003 0.000 0.005 0.000 

 

 
N=852 

Proportion Lower Upper SE 
0.000 0.000 0.000 0.000 
0.005 0.000 0.008 0.000 
0.702 0.673 0.739 0.024 
0.290 0.256 0.322 0.010 
0.000 0.000 0.000 0.000 
0.003 0.000 0.006 0.000 
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2007 
Grouping 

N=820 

Proportion Lower Upper SE 
SE Asia 
NE Asia 
Coast West AK 
Up/Mid Yukon 
Southwest AK 
GOA-PNW 

 0.000 0.000 
 0.021 0.008 
 0.740 0.713 
 0.233 0.201 
 0.000 0.000 
 0.005 0.000 

0.000 
0.030 
0.780 
0.262 
0.001 
0.008 

0.000 
0.001 
0.026 
0.008 
0.000 
0.000 

 

 
N=796 

Proportion Lower Upper SE 
0.001 0.000 0.003 0.000 
0.061 0.043 0.076 0.002 
0.736 0.711 0.776 0.026 
0.194 0.163 0.221 0.007 
0.001 0.000 0.002 0.000 
0.006 0.000 0.010 0.000 

 

 
N=639 

Proportion Lower Upper SE 
0.000 0.000 0.000 0.000 
0.019 0.005 0.028 0.001 
0.754 0.727 0.800 0.030 
0.220 0.182 0.248 0.009 
0.001 0.000 0.001 0.000 
0.007 0.000 0.012 0.000 

 

  

  

  

Microsatellite baseline – western Alaska groupings  

Whereas the coastwide chum salmon microsatellite baseline is routinely used in our 

laboratory to perform species-wide stock composition analyses (e.g., Vulstek et al. 2014), the 

preponderance of juveniles in the eastern Bering Sea of western Alaska origin led to additional 

analyses to determine the suitable number of stock groupings in western Alaska and within the 

Yukon River drainage.  Population genetic structure was evaluated for the 51 chum salmon 

populations from the Yukon River and western Alaska drainages.  
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The finer-scale population groupings were determined from principal coordinate analysis 

(PCO) based on chord distances (Cavelli-Sforza and Edwards 1967) and State of Alaska salmon 

management areas, and evaluated with baseline simulation analyses.  On the first two principal 

coordinates, the Yukon River summer-run (red circles) and fall-run (orange squares) chum 

salmon populations separate. All of the Norton Sound populations (purple diamonds) clustered 

tightly together, but the Kuskokwim/NE Bristol Bay populations (yellow triangles) clustered more 

loosely and many overlap with the Norton Sound populations (Figure 4).  With these four western 

Alaska chum salmon stock groupings (Figure 5, Table 5), baseline simulation analyses showed 

that the baseline reallocated three of the four groupings (Yukon summer, Yukon fall, and Norton 

Sound) with a high degree of accuracy, but there was substantial misallocation of the 

Kuskokwim/NE Bristol Bay grouping to other coastal western Alaska groupings (Table 6).  Stock 

composition analyses performed with these baseline groupings may underestimate the 

contribution from the Kuskokwim/NE Bristol Bay region.    

  

  

  
Figure 4.   Principal coordinate analysis for the 51 western Alaska and Yukon River populations  
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separated into four temporal-spatial groupings.  Kuskokwim/NE Bristol Bay (yellow triangles), 

Norton Sound (purple diamonds), Yukon River summer (red circles), and Yukon River fall 

(orange squares).     

  
  

  

Figure 5.  Four finer-scale temporal-spatial population groupings of chum salmon used for 

mixed-stock analysis: fall Yukon River (orange), summer Yukon River (red), Norton Sound 

(purple), and Kuskokwim/NE Bristol Bay (yellow).  Numbers refer to the population number in 

Table 5 and the distribution file for the microsatellite baseline (Beacham et al. 2009c).  

  

  

Table 5.  Populations and groupings used in the 51-population chum salmon baseline of western 

Alaska and the Yukon River. “Num” refers the population number in the microsatellite baseline 

distribution file.  The “Population” refers to the drainage and “Group” designates the four 

temporal-spatial groupings used in the finer-scale baseline simulation and stock composition 

analyses.  Kusko = Kuskokwim River, NEBB = northeastern Bristol Bay 

 Num  Population  Group   Num  Population  Group  

 1  Tatchun  Fall Yukon   3  Andreafsky  Summer Yukon  

Summer Yukon   2  Kluane  Fall Yukon   80  Chulinak  

6  Pelly  Fall Yukon    301  Anvik  Summer Yukon  

7  Donjek  Fall Yukon   302  Nulato  Summer Yukon  

8  Big_Creek  Fall Yukon   303  Melozitna  Summer Yukon  

9  Teslin  Fall Yukon   322  Pikmiktalik  Norton Sound  

10  Minto  Fall Yukon   330  Niukluk  Norton Sound  
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59  Kluane_Lake  Fall Yukon   331  Pilgrim_River  Norton Sound  

4  Sheenjek  Fall Yukon   336  Kwiniuk_River  Norton Sound  

5  Fishing_Br  Fall Yukon   341  Snake  Norton Sound  

86  Black_River  Fall Yukon   342  Unalakleet  Norton Sound  

87  

89  

439  

28  

Chandalar  

Big_Salt  

Porcupine  

Chandindu  

Fall Yukon   344  Ungalik  

Nome  

Shaktoolik  

Eldorado  

Norton Sound  

Norton Sound  

Norton Sound  

Norton Sound  

Fall Yukon   345  

Fall Yukon   346  

Fall Yukon   347  

81  

84  

85  

181  

82  

Delta  

Toklat  

Kantishna  

Koyukuk_late 

Cheena3  

Fall Yukon   357  Aniak  

George  

Kanektok  

Kasigluk  

Kwethluk  

Kusko/NEBB  

Kusko/NEBB  

Kusko/NEBB  

Kusko/NEBB  

Kusko/NEBB  

Fall Yukon   358  

Fall Yukon   361  

Fall Yukon   362  

Summer Yukon  363  

83  

88  

90  

Salcha  

Jim_River  

Koyukuk_south  

Summer Yukon  371  Goodnews  

Naknek  

Nunsatuk  

Kusko/NEBB  

Kusko/NEBB  

Kusko/NEBB  

Summer Yukon  372  

Summer Yukon  374  

154  Tozitna  Summer Yukon  375  Togiak  Kusko/NEBB  

288  Henshaw_Creek  Summer Yukon  376  Alagnak  Kusko/NEBB  

307  Gisasa  Summer Yukon           

  

  

  

Table 6.  Evaluation of the finer-scale 51 population, 4 temporal-spatial grouping western 

Alaska/Yukon River chum salmon baseline with simulated mixtures in which 100% of the 

samples were derived from a single regional grouping (read down columns).  Simulations were 

performed by using SPAM 3.7 software with baseline resampling.  

  

Grouping  

  

Yukon Summer  

  

Yukon Fall  

  

Norton Sound  

  

Kuskokwim/NEBB  

Yukon Summer  

Yukon Fall  

Norton Sound  

Kuskokwim/NEBB  

0.846  0.062  0.073  

0.004  

0.218  

0.005  

0.246  

0.028  

0.092  

0.030  

0.923  

0.006 

0.003  

0.895  

0.023  0.522  

  

  

Stock composition estimates – western Alaska groupings - years pooled  

  For years 2003 through 2007, samples were aggregated by latitude and longitude to 

determine the optimal sampling location for estimating proportions of summer- and fall-run 

Yukon River chum salmon.  Samples across years were combined by latitude as follows:  1,244 

samples at lat. 58-59.5°N, 2,736 samples at lat. 60-63°N, and 296 samples at lat. 63.5-65°N 

                                                 
3 Correct spelling is Chena.  
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(Figure 1).  All samples were limited to between longitudes 166.75-172.5°W.  Stock composition 

analyses were performed in SPAM 3.7 by using the finer-scale 51 population chum salmon 

baseline with 4 temporal-spatial groupings.  Bearing in mind the large sizes of the Yukon River 

summer and Kuskokwim chum salmon returns in comparison to the Norton Sound returns and  

  

the potential misallocation of those stocks to the Norton Sound grouping, the proportion identified 

from the Norton Sound group increased with latitude, whereas the contribution of Kuskokwim 

River fish was low in all three areas (Table 7).  The proportion of fall-run Yukon  

River chum salmon was highest in the lat. 58-59.5°N and 60-63°N areas.  Because the Yukon Fall 

grouping identifies Yukon origin fish with high accuracy (Table 6) and because the relative 

proportion of summer- and fall-run fish did not change appreciably between the lat. 58-59.5°N 

and 60-63°N areas, we focused on the samples collected between lat. 58-63°N to investigate 

potential correlations between the relative abundance of fall-run juvenile chum salmon and (1) the 

parents of the juveniles, and (2) the future adult returns of the juveniles.  Estimates for samples 

collected from lat. 60-64°N and 60-63°N are also provided for comparison.  

  

Table 7.  Stock composition estimates and standard errors of juvenile chum salmon samples 

collected during 2003-2007 for the three large spatial areas identified in Figure 1.  The program 

SPAM 3.7 with a finer-scale 51-population baseline was used to estimate contributions from four 

temporal-spatial groupings. NEBB =northeastern Bristol Bay.  

  

Lat. 63.5-65°N, N=296    

Grouping  Proportion  SE  

Proportion  

fall  

Yukon Summer  0.326  0.019     

Yukon Fall  0.111  0.006  0.25  

Norton Sound  0.346  0.020     

Kuskokwim/NEBB  0.187  0.011     

 Lat. 60-63°N, N=2,736        

Grouping  Proportion  SE  

Proportion  

fall  

Yukon Summer  0.430  0.008     

Yukon Fall  0.189  0.004  0.31  

Norton Sound  0.317  0.006     

Kuskokwim/NEBB  0.060  0.001     

 Lat. 58-59.5°N, N=1,244       

Grouping  Proportion  SE  

Proportion  

fall  

Yukon Summer  0.504  0.014     

Yukon Fall  0.214  0.006  0.30  
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Norton Sound  0.203  0.006     

Kuskokwim/NEBB  0.074  0.002     

  

  

  

  

Stock composition estimates – western Alaska groupings – by year  

With the 51 population, 4 temporal-spatial grouping western Alaska/Yukon River chum 

salmon baseline, stock composition estimates were made for each project year for samples 

collected between lat. 58-63°N, 60-64°N, and 60-63°N.  Stock composition estimates derived 

from the maximum likelihood approach in SPAM (Table 8) and the Bayesian approach in 

BAYES (Table 9) were generally similar.  Stock estimates were also similar across the three 

latitudinal ranges within years with the exception of samples from 2005 where juvenile chum 

salmon estimated to be from Norton Sound were 2-3 times more prevalent in the northern survey 

locations.  Except in 2003 when >50% of the juvenile chum salmon collected on the eastern 

Bering Sea shelf were from Norton Sound populations, most of the juvenile chum salmon 

originated from the Yukon Summer populations. The Yukon Summer contribution was always 

higher than the Yukon Fall contribution.  Few juvenile chum salmon samples originated from the 

Kuskokwim River/NE Bristol Bay populations.    
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Table 8.  Maximum-likelihood stock composition estimates, lower and upper 90% nonsymmetric 

bootstrap confidence interval values, and standard errors for juvenile chum salmon collected 

during 2003-2007 summer/fall BASIS cruises. The program SPAM 3.7 with a 51population, 11-

locus microsatellite chum salmon baseline was used to estimate contributions from four western 

Alaska and Yukon River temporal-spatial reporting groups. Estimates >5% are identified in bold 

font. Kusko = Kuskokwim River, NEBB = northeastern Bristol Bay.  
 58-63°N 60-64°N 60-63°N 
2003 
Grouping 
Yukon Summer 

Yukon Fall 
Norton Sound 

Kusko/NEBB 

2004 Grouping 
Yukon Summer 

Yukon Fall 
Norton Sound 

Kusko/NEBB 

2005 
Grouping 
Yukon Summer 

Yukon Fall 
Norton Sound 

Kusko/NEBB 

2006 Grouping 
Yukon Summer Yukon Fall 
Norton Sound Kusko/NEBB 

2007 Grouping 
Yukon Summer Yukon Fall Norton Sound 
Kusko/NEBB  

    

Table 9.  Bayesian stock composition estimates, lower and upper 95% non-symmetric bootstrap 

credibility interval values, and standard errors for juvenile chum salmon collected during 

20032007 summer/fall BASIS cruises. The program BAYES with a 51-population, 11-locus 

microsatellite chum salmon baseline was used to estimate contributions from four western Alaska 

N=930 

Proportion Lower Upper SE 
 N=810 

Proportion Lower Upper SE 
 N=671 

Proportion Lower Upper SE 
 0.304 0.246 0.358 
 0.113 0.097 0.142 
 0.518 0.445 0.553 
 0.061 0.054 0.105 

0.010 
0.004 
0.017 
0.002 

 0.289 0.243 0.356 
 0.091 0.075 0.115 
 0.562 0.486 0.595 
 0.056 0.042 0.098 

0.010 
0.003 
0.020 
0.002 

 0.246 0.179 0.304 
 0.094 0.076 0.122 
 0.605 0.541 0.661 
 0.053 0.033 0.090 

0.010 
0.004 
0.023 
0.002 

N=694 

Proportion Lower Upper SE 
 N=452 

Proportion Lower Upper SE 
 N=348 

Proportion Lower Upper SE 
 0.425 0.372 0.497 
 0.294 0.275 0.347 
 0.224 0.140 0.248 
 0.050 0.031 0.088 

0.016 
0.011 
0.009 
0.002 

 0.404 0.335 0.481 
 0.291 0.262 0.346 
 0.249 0.162 0.297 
 0.050 0.020 0.086 

0.019 
0.014 
0.012 
0.002 

 0.454 0.400 0.561 
 0.319 0.280 0.382 
 0.195 0.101 0.234 
 0.027 0.000 0.046 

0.024 
0.017 
0.010 
0.001 

N=584 

Proportion Lower Upper SE 
 N=193 

Proportion Lower Upper SE 
 N=185 

Proportion Lower Upper SE 
 0.518 0.477 0.623 
 0.163 0.126 0.197 
 0.229 0.111 0.234 
 0.085 0.070 0.149 

0.021 
0.007 
0.010 
0.004 

 0.248 0.102 0.300 
 0.125 0.067 0.166 
 0.529 0.468 0.681 
 0.087 0.039 0.160 

0.018 
0.009 
0.038 
0.006 

 0.274 0.135 0.357 
 0.123 0.059 0.161 
 0.497 0.403 0.622 
 0.096 0.052 0.173 

0.020 
0.009 
0.036 
0.007 

N=855 

Proportion Lower Upper SE 
 N=1,004 

Proportion Lower Upper SE 
 N=852 

Proportion Lower Upper SE 
 0.553 0.534 0.653 
 0.233 0.205 0.270 
 0.138 0.031 0.122 
 0.074 0.062 0.124 

0.019 
0.008 
0.005 
0.003 

 0.537 0.523 0.634 
 0.233 0.207 0.268 
 0.159 0.055 0.143 
 0.071 0.062 0.118 

0.017 
0.007 
0.005 
0.002 

 0.548 0.523 0.644 
 0.236 0.207 0.276 
 0.139 0.027 0.125 
 0.076 0.070 0.127 

0.019 
0.008 
0.005 
0.003 

N=820 

Proportion Lower Upper SE 
 N=796 

Proportion Lower Upper SE 
 N=639 

Proportion Lower Upper SE 
 0.460 0.418 0.533 
 0.189 0.173 0.229 
 0.259 0.147 0.254 
 0.088 0.089 0.151 

0.016 
0.007 
0.009 
0.003 

 0.462 0.421 0.545 
 0.161 0.145 0.199 
 0.260 0.139 0.249 
 0.105 0.111 0.179 

0.016 
0.006 
0.009 
0.004 

 0.468 0.422 0.551 
 0.185 0.166 0.230 
 0.249 0.130 0.249 
 0.092 0.089 0.159 

0.019 
0.007 
0.010 
0.004 
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and Yukon River reporting groups. Estimates >5% are identified in bold font. Kusko = 

Kuskokwim River, NEBB = northeastern Bristol Bay.  
 58-63°N 60-64°N 60-63°N 
2003 
Grouping 
Yukon Summer 
Yukon Fall 

Norton Sound 

Kusko/NEBB 

2004 
Grouping 
Yukon Summer 
Yukon Fall 

Norton Sound 

Kusko/NEBB 

2005 
Grouping 
Yukon Summer 
Yukon Fall 

Norton Sound 

Kusko/NEBB 

2006 Grouping 
Yukon Summer 
Yukon Fall Norton Sound Kusko/NEBB 

2007 Grouping 
Yukon Summer 
Yukon Fall Norton Sound 
Kusko/NEBB  

     

Yukon River chum salmon abundance estimates  

Across years, the proportion of fall-run adult returns of Yukon River chum salmon based 

on ADF&G abundance estimates (Estensen et al. 2013; Kathrine Howard, ADF&G, Anchorage, 

AK. Pers. commun., August 2013) varied inter-annually (Table 10, Figure 6).  On average, 32% 

of the annual return between 2000 and 2012 was classified as a fall stock, with a high of 47% in 

N=930 

Proportion Lower Upper SD 
 N=810 

Proportion Lower Upper SD 
 N=671 

Proportion Lower Upper SD 
 0.247 0.161 0.329 
 0.117 0.084 0.153 
 0.523 0.457 0.590 
 0.113 0.048 0.189 

0.043 
0.018 
0.034 
0.036 

 0.254 0.170 0.334 
 0.091 0.064 0.121 
 0.570 0.505 0.635 
 0.085 0.018 0.158 

0.042 
0.015 
0.033 
0.036 

 0.207 0.119 0.293 
 0.096 0.065 0.130 
 0.598 0.530 0.667 
 0.100 0.031 0.176 

0.045 
0.017 
0.035 
0.037 

N=694 

Proportion Lower Upper SD 
 N=452 

Proportion Lower Upper SD 
 N=348 

Proportion Lower Upper SD 
 0.380 0.278 0.474 
 0.347 0.299 0.397 
 0.211 0.142 0.288 
 0.062 0.000 0.152 

0.050 
0.025 
0.037 
0.040 

 0.340 0.221 0.455 
 0.332 0.272 0.393 
 0.270 0.173 0.370 
 0.058 0.000 0.155 

0.060 
0.031 
0.050 
0.043 

 0.357 0.227 0.487 
 0.376 0.302 0.453 
 0.204 0.105 0.312 
 0.062 0.000 0.168 

0.067 
0.039 
0.053 
0.045 

N=584 

Proportion Lower Upper SD 
 N=193 

Proportion Lower Upper SD 
 N=185 

Proportion Lower Upper SD 
 0.482 0.359 0.605 
 0.150 0.103 0.204 
 0.244 0.152 0.346 
 0.124 0.023 0.240 

0.063 
0.026 
0.050 
0.056 

 0.148 0.015 0.306 
 0.131 0.072 0.202 
 0.645 0.480 0.796 
 0.076 0.000 0.212 

0.077 
0.033 
0.081 
0.059 

 0.181 0.028 0.344 
 0.125 0.065 0.200 
 0.603 0.432 0.772 
 0.090 0.000 0.233 

0.082 
0.035 
0.087 
0.063 

N=855 
Proportion Lower Upper SD 

 N=1,004 

Proportion Lower Upper SD 
 N=852 

Proportion Lower Upper SD 
 0.567 0.479 0.653 0.045 
 0.244 0.203 0.287 0.022 
 0.091 0.042 0.148 0.027 
 0.098 0.037 0.169 0.034 

 0.530 0.435 0.622 
 0.250 0.211 0.290 
 0.116 0.063 0.176 
 0.105 0.038 0.182 

0.048 
0.020 
0.029 
0.037 

 0.559 0.466 0.648 
 0.247 0.206 0.291 
 0.094 0.044 0.153 
 0.101 0.036 0.173 

0.047 
0.022 
0.028 
0.035 

N=820 
Proportion Lower Upper SD 

 N=796 

Proportion Lower Upper SD 
 N=639 

Proportion Lower Upper SD 
 0.441 0.345 0.532 0.048 
 0.203 0.158 0.251 0.024 
 0.221 0.145 0.301 0.040 
 0.135 0.069 0.207 0.035 

 0.430 0.332 0.527 
 0.172 0.128 0.222 
 0.205 0.130 0.290 
 0.193 0.124 0.267 

0.050 
0.024 
0.041 
0.036 

 0.435 0.328 0.541 
 0.191 0.144 0.245 
 0.218 0.133 0.309 
 0.157 0.089 0.230 

0.055 
0.026 
0.046 
0.036 
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2005 and a low of 22% in 2006.  A large return of age 0.24 and 0.3 fish sometimes corresponded 

to a large return of age 0.3 and 0.4 fish, respectively, the following year.    

  

  

Table 10.  Estimated summer- and fall-run chum salmon adult returns to the Yukon River 

drainage by age class (Estensen et al. 2013; Kathrine Howard, ADF&G, Anchorage, AK. Pers. 

commun., August 2013).   

  

 

  

  

 
Proportion  

 
  

  

 
Proportion  

 

Age  
3  

Age  
4  

Age  
5  

Age  
6  

Age  
3  

Age  
4  

Age  
5  

Age  
6  

Year  Summer  0.2  0.3  0.4  0.5  

  

Fall  0.2  0.3  0.4  0.5  
2000  547,469  0.00  0.53  0.46  0.02  239,299  0.01  0.69  0.29  0.01  

2001  525,875  0.00  0.25  0.74  0.01    381,411  0.00  0.64  0.36  0.00  

2002  1,220,034  0.01  0.57  0.40  0.02    424,312  0.07  0.63  0.28  0.02  

2003  1,245,850  0.00  0.79  0.19  0.02    773,496  0.01  0.91  0.07  0.00  

2004  1,536,469  0.04  0.38  0.58  0.00    612,640  0.22  0.48  0.28  0.01  

2005  2,547,398  0.00  0.90  0.10  0.00    2,280,434  0.00  0.94  0.05  0.01  

2006  4,047,464  0.00  0.27  0.72  0.00    1,150,989  0.02  0.39  0.59  0.00  

2007  2,041,705  0.00  0.43  0.47  0.10    1,116,550  0.00  0.76  0.21  0.03  

2008  1,910,109  0.00  0.41  0.54  0.05    905,100  0.00  0.42  0.56  0.02  

2009  1,451,895  0.01  0.48  0.48  0.02    575,730  0.04  0.67  0.26  0.03  

2010  1,651,009  0.04  0.67  0.28  0.01    606,360  0.14  0.69  0.16  0.00  

2011  2,232,924  0.00  0.44  0.56  0.00    1,206,675  0.01  0.70  0.28  0.00  

2012  2,456,658  0.00  0.69  0.26  0.05    963,602  0.01  0.78  0.18  0.03  
 

 

  
Total  

Return  
786,768  

907,286  

1,644,346  

2,019,346  

2,149,109  

4,827,832  

5,198,453  

3,158,255  

2,815,209  

2,027,625  

2,257,369  

3,439,599  

3,420,260  
 

  

 

                                                 
4 Salmon age in this report follows Koo (1962), wherein the number before the decimal refers to the numbers of 

freshwater annuli, and the number after the decimal refers to the numbers of marine annuli.  
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Year   Figure 6.  Annual summer- and fall-run 

adult returns of chum salmon to the Yukon River drainage (Estensen et al. 2013; Kathrine 

Howard, ADF&G, Anchorage, AK. Pers. commun., August 2013).  Estimates of return are on the 

left y-axis and proportions of fall-run chum salmon are on the right y-axis.  

  

  

To determine the proportion of fall-run adults that produced the juveniles collected in 

2003-2007, the abundance estimate for the fall-run from the year previous (Table 10) to each year 

of juvenile sampling was divided by the total Yukon River return (summer + fall).  For example, 

the 2003 juveniles sampled at sea were spawned by the 2002 brood-year return.  The relative 

proportions of the fall-run adults spawning in 2002 are referred to as “Parents” for the 2003 

juvenile year class (Table 12).  

    

To determine the proportion of the juvenile year class that subsequently returned as fallrun 

adults across four years, the abundance estimates (Table 10) that tracked ages 0.2-0.5 were 

summed for each run component and then the fall-run abundance was divided by the total return 

(summer + fall).  For example, some of the 2003 juveniles would have returned as age 0.2 adults 

in 2005, as age 0.3 in 2006, as age 0.4 in 2007, and finally as age 0.5 in 2008 (see Table 11). The 

relative proportions of subsequent adult fall-run fish from each juvenile year class are referred to 

as “Returns” (Table 12).    

  

Correlation of juvenile and adult fall-run proportions  

  A significant correlation was found between the proportion of fall-run juveniles estimated 

from the maximum likelihood approach in SPAM and the proportion of subsequent fall-run adult 

returns by brood calculated from abundance estimates for all three latitudinal data sets (Table 13, 

Figure 7).  When the same genetic data was analyzed with a Bayesian approach, the association 

was weaker.  There was no significant correlation between the proportion of fall-run juveniles 

(SPAM or BAYES estimates) and the parents that produced those juveniles (Table 13, Figure 7).    

  

  

  

Table 11.  Matrix of juvenile collections and associated adult returns of Yukon River chum 

salmon.  The blue cells identify the juveniles collected at sea. The yellow cells identify the parent 

year of the juveniles. The orange cells identify the age of the subsequent adults returns.    

   2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  

2003  
   

Age  

0.0  

Age  

0.1  

Age  

0.2  

Age  

0.3  

Age  

0.4  

Age  

0.5              

2004  
      

Age  
0.0  

Age  
0.1  

Age  
0.2  

Age  
0.3  

Age  
0.4  

Age  
0.5           

2005  
         

Age  
0.0  

Age  
0.1  

Age  
0.2  

Age  
0.3  

Age  
0.4  

Age  
0.5        

2006  
            

Age  

0.0  

Age  

0.1  

Age  

0.2  

Age  

0.3  

Age  

0.4  

Age  

0.5     
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    Adults  

   

  

  

  

Table 12.  Proportions of fall-run Yukon River chum salmon, relative to the Yukon River total.  

Juvenile proportions for each year are based on SPAM and BAYES genetic stock composition 

estimates of collections from three latitudinal ranges.  Adult proportions are based on abundance  

estimates from ADF&G.  

  

   Juveniles     Adults  

Sample  58-63°N   60-64°N   60-63°N        Brood-yr Year SPAM BAYES   SPAM BAYES   

SPAM BAYES   Parents  Returns  

  

  

  

  

  

  

  

  

  

2007  
               

Age  

0.0  

Age  

0.1  

Age  

0.2  

Age  

0.3  

Age  

0.4  

Age  

0.5  

2003  0.271  0.321     0.240  0.264     0.276  0.316     0.258      0.243  

2004  0.409  0.478     0.418  0.494     0.412  0.513     0.383      0.417  

2005  0.239  0.237     0.336  0.470     0.309  0.409     0.285      0.263  

2006  0.297  0.300     0.302  0.320     0.301  0.307     0.472      0.295  

2007  0.291  0.315     0.259  0.286     0.283  0.305     0.221      0.245  
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Table 13.  Pearson correlation coefficients and probability of r > 0 of the relative proportion of 

fall-run Yukon juvenile chum salmon collected from the eastern Bering Sea in 2003-2007 and 

fall-run parental and brood-year returns for three latitudinal ranges.  Relative proportions of adults 

were calculated from abundance estimates (ADF&G) and of juveniles from SPAM and BAYES 

genetic stock estimates.  P < 0.05 are in bold font.  

   

 Latitudinal range  r  

 Parents and juveniles     

 58-63°N  0.421  

 60-64°N  0.489  

 60-63°N  0.429  

   

 Juveniles and brood-year returns  

 58-63°N  0.922  

 60-64°N  0.906  

 60-

63°N  0.977  

  

   

P-value      r  P-value  

            

0.315     0.276  0.653  

0.480     0.266  0.665  

0.404     0.209  0.736  

            

            

0.026     0.862  0.060  

0.034     0.692  0.195  

0.004     0.843  0.073  

SPAM       BAYES   
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Figure 7.  The yearly relative proportion of fall-run Yukon River juvenile chum salmon 

collected in the eastern Bering Sea between lat. 58-63°N during 2003-2007, versus the parents of 

juveniles (green diamonds) and brood-year returns (orange squares) by juvenile collection year.  

Results are shown based on the juvenile stock composition estimates derived from a maximum 

likelihood approach (top panel) and Bayesian approach (bottom panel).  

  

Discussion  
Chum salmon are a highly important fish species in western Alaska and form the basis for 

critical commercial and subsistence fisheries.  The Yukon River is a major contributor of chum 

salmon in western Alaska.  The two distinct Yukon River chum salmon life-history types, an 

earlier and typically more abundant summer run and a later fall run, are managed to provide 

escapement and maximize harvest opportunity.  Stocks of fall-run chum salmon have had low 

abundances in some years, falling to levels at which subsistence fishing opportunities have been 

limited.  Little is known about the survival of juvenile Yukon River chum salmon during their 
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down river outmigration or early marine residence in the Bering Sea. The availability of 

multiyear collections of juvenile chum salmon from the eastern Bering Sea and the 

comprehensive genetic information of chum salmon populations throughout their geographic 

distribution (e.g., Beacham et al. 2009c) provides an opportunity to examine the distribution of 

western Alaskan chum salmon during their first summer/fall at sea.  For the first time that we are 

aware of, our study investigated the relationship of the stock compositions of juvenile chum 

salmon collected at sea and the Yukon River adult chum salmon returns.  Because the genetic 

diversity of coastal western Alaska chum salmon is low and therefore challenging to apply to 

mixed-stock analyses, we focused on the Yukon River, which has fall-run populations that are 

genetically distinct from the summer-run populations.  Estimates of the proportions of the two 

life-history types in mixtures of juveniles were used to examine year-to-year differences in 

distributions in the Bering Sea during early marine residence, and to investigate the potential 

association of juvenile abundances with summer and fall Yukon River adult returns.  The 

purpose of this study was (1) to develop stock composition estimates for the juvenile chum 

salmon sample sets collected in the eastern Bering Sea, (2) to estimate the proportion of fall-run 

Yukon River juvenile chum salmon in the sample sets, and then (3) to investigate the potential to 

correlate the relative proportions of juvenile fall-run Yukon River chum salmon collected at sea 

with adult returns.    

  

The study was begun by estimating the stock composition of the juvenile chum salmon 

samples sets with the coastwide microsatellite chum salmon baseline (Beacham et al. 2009c).  

Almost all of the juvenile chum salmon were from the Coastal Western Alaska and 

Upper/Middle Yukon River stock groupings (Table 4), as was found in an earlier genetic analysis 

of the 2002 samples (Farley et al. 2004).  To further investigate the relative contribution of 

Yukon River summer and fall stocks, the genetic baseline was reconfigured to separate coastal 

western Alaska populations to the north (Norton Sound) and south (Kuskokwim) from the Yukon 

River populations (Figures 4-5 and Tables 5-6).  The stock composition estimates from the 

maximum likelihood and Bayesian methods with the finer-scale baseline were with few 

exceptions within the confidence or credible interval values of each analysis.  Except for the 

2004 samples, the fall-run components of the two methods were within 1% of each other, as 

would be expected for this genetically distinct life-history type (Table 6).  Most of the 

differences that occurred were with the Norton Sound or Kuskokwim/NE Bristol Bay groups that 

have higher stock misallocations due to the relatively weak genetic stock structure of the coastal 

western Alaska chum salmon populations (summer-run).  The mechanics of each method also 

contributes to stock estimate differences.  Unlike the maximum likelihood method, the Bayesian 

method does not assume the baseline is fixed (without error) (Pella and Masuda 2001). This is 

especially important with many rare or low frequency alleles in the mixture individuals that are 

present in the baseline stocks but were not sampled – a common situation with microsatellite 

markers.  

  

The estimated stock proportions of juvenile chum salmon caught in the eastern Bering 

Sea during late summer/fall over a five-year time period adds to our understanding of the 

distribution of western Alaska chum salmon during their first year in the ocean.  With both the 

full coastwide baseline and the finer-scale western Alaska baseline, the contributions from each 

stock grouping of this highly migratory species were remarkably similar from year-to-year, 
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especially given the inter-annual latitudinal shifts in juvenile chum salmon distribution across the 

eastern Bering Sea shelf (Figure 2), as well as the variation in the date that stations were sampled 

across years.  Our results support a migration model whereby western Alaska juvenile chum 

salmon head primarily west and south across the eastern Bering Sea shelf during the summer/fall 

season.  Except in 2003, the highest proportion of juvenile chum salmon caught in the surveys 

was from the Yukon Summer populations. In all years, the Yukon Summer component was 

higher than the Yukon Fall component.  The contribution from Norton Sound varied annually, 

but in general, increased with latitude (Table 7).  Given the low abundance of many Norton 

Sound chum salmon populations in some years (Menard et al. 2009), surveys in the northeastern 

Bering Sea might help provide insight into the early marine residence of these populations.  The 

higher proportion of Norton Sound origin fish in the 2003 sample set appears to reflect the larger 

samples sizes from the Norton Sound area as compared to other years.  Although the presence of 

Norton Sound origin chum salmon would not necessarily adversely impact analysis of the 

relative proportions of summer and fall chum salmon from the Yukon River, the yearly sample 

sets were limited to collections below lat. 64°N in order to focus on Yukon River origin fish.  

Previous analyses (Farley et al. 2004) indicated that samples collected below lat. 60°N contained 

Kuskokwim origin fish, although our analysis suggests that Kuskokwim/NE Bristol Bay origin 

fish were only a minor component as far south as lat. 58°N and did not migrate northward during 

their first summer.  This difference may simply reflect inter-annual variation of migration routes 

or an effect of sampling west of long. 166.75°W, an area potentially outside the migration route 

of the Kuskokwim origin chum salmon during the 2003-2007 surveys.    

  

On average, across the five-year dataset, about one-third of the Yukon River juvenile 

chum salmon were from fall-run populations based on genetic stock estimates, much like the 

adult returns based on abundance estimates.  Although no correlation was found between the 

estimated proportion of fall-run Yukon River juvenile chum salmon in the sample sets and their 

parents, a significant correlation was found between the maximum likelihood estimated relative 

portion of juvenile fall-run Yukon River chum salmon sampled in the 2003-2007 BASIS surveys 

and the Yukon River brood-year returns (P = 0.026; Table 13).  The relationship between the 

relative proportion of fall-run juveniles and brood-year returns as evident in Figure 7 was slightly 

weaker when the Bayesian stock composition estimates were applied (P = 0.060; Table 13).  Our 

study was unique in that over 5,000 juvenile chum salmon were genotyped, representing much of 

the extensive U.S. BASIS sampling of the eastern Bering Sea across five years.  In one of those 

years, 2004, the significant departure of the relative survival of the two life-history types in the 

Yukon River provided contrast in the correlation analysis of the proportions of fall-run juveniles 

and brood-year returns.  The high correlation coefficients (0.91-0.98 from maximum likelihood 

estimates and 0.69-0.86 from Bayesian estimates) suggest that differences in the production and 

survival of the summer- and fall-run populations occurs during the period of freshwater and early 

marine residence and may portend the relative strength of future returns (Table 13, Figure 7).    

  

In most years, the abundance of fall-run fish is usually well-correlated with the 

abundance of summer-run fish (Figure 6; Kathrine Howard, personal commun., May 2014), but 

infrequently, the fall-run proportion is substantially higher or lower than expected, e.g., higher in 

2005.  Juvenile chum salmon produced from brood years 2001 and 2002 (sampled in 2002 and  

2003) provide some insight into the 2005 brood year (produced by age 0.2 fish from 2002, age  
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0.3 from 2001, age 0.4 from 2000, and age 0.5 from 1999).  There were few age 0.2 fall-run 

Yukon River chum salmon returns in 2005, so the juveniles produced from the 2002 brood year 

did not contribute significantly to the 2005 brood year.  However, from the relationship in Figure 

7, we speculate that the proportion of fall-run juveniles produced from brood year 2001, which 

contributed the age 0.3 fish that comprised 94% of the fall-run component in 2005, would have 

been high.  From our earlier, unpublished results (summarized in Farley et al. 2004) of maximum 

likelihood mixed-stock analyses with allozyme markers of juvenile chum salmon collected in 

2002, the relative proportion of fall-run juveniles was indeed high (0.42), and when compared to 

brood-year returns (0.35), corroborates the pattern observed with the microsatellite data (Figure 

7; 2002-2007 dataset, r = 0.887, P = 0.019).  With forward projections, the proportion of fall-run 

juveniles that return as adults is spread across multiple years, due to the age structure of chum 

salmon.  Thus, the high proportion of fall-run juveniles from brood year 2003 (collected in 2004) 

contributed to adult returns in 2006 as age 0.2, in 2007 as age 0.3, in 2008 as age 0.4, and in 

2009 as age 0.5. The age 0.2 and 0.5 contributions were only 2-3% of the fall-run return in 2006 

and 2009, respectively, but the high proportion of fall-run juveniles caught in 2004 is evident as 

age 0.3 fish, which comprised 76% of the 2007 fall-run return, and as age 0.4 fish, which 

comprised 56% of the 2008 fall-run return, the second highest proportion of age 0.4 fall-run 

returns in years 2000-2012.     

  

The results of our study add to the knowledge of western Alaska chum salmon 

populations, particularly of the early life history of chum salmon from the Yukon River. By the 

time juvenile chum salmon are caught on the continental shelf of the eastern Bering Sea in late 

summer/early fall, the relative proportion of fall-run fish appears to have been determined for 

that brood year.  The association of fall-run proportions of juveniles to subsequent adult returns 

may be useful in highlighting when the fall-run component may be larger than anticipated based 

on the summer-run adult abundance.  Future investigations should incorporate ongoing advances 

in the genetic baselines, which may improve the accuracy of the stock composition estimates in 

the western Alaska region, particularly for the summer coastal stocks such as the Yukon Summer 

group, and thus allow refinement of the correlation analysis of the relative proportion of fall-run 

fish (http://access.afsc.noaa.gov/pubs/posters/pdfs/pGuyon01_western-ak-chum.pdf, accessed 

7/22/14).  Analyses of samples collected during more recent years (2009-2012) and the addition 

of microsatellite marker data for samples from 2002 may further clarify the relationship between 

the fall-run proportions of juvenile and adult chum salmon from the Yukon River.  
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