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Introduction 6 

At the March 17, 2011 Western Alaska Salmon Stock Identification Program (WASSIP) 7 

meeting, the Gene Conservation Laboratory (GCL) proposed sub-regional reporting groups for 8 
sockeye salmon.  There was consensus among attendees to either establish or to set the process 9 

to establish all sub-regional reporting groups except one pair:  Goodnews/Togiak (Figure 1).  10 

Based on genetic relationships among collections from these two areas from the newly updated 11 
baseline (Figure 2), there were concerns that these two reporting groups might not meet the 90% 12 
correct allocation criterion established for reporting groups.  There was no consensus among AP 13 
members present that these two reporting groups should be combined into one reporting group if 14 

they did not meet the 90% criterion, primarily because these two reporting groups straddle two 15 
Management Regions (Arctic-Yukon-Kuskokwim and Central). 16 

The benefit of combining the Goodnews and Togiak reporting groups would be more accurate 17 
and precise estimates of the combined group in WASSIP mixtures, while the cost would be the 18 
loss of information important to the management of the resource.  Fisheries that harvest sockeye 19 

salmon from both the Goodnews and Togiak rivers are managed by the Alaska Department of 20 
Fish and Game based upon the sustained-yield principle, which requires an understanding of the 21 

relationship between the number of fish that spawn in a drainage and the number of their 22 
offspring that make it to adulthood (i.e., brood table).  The loss of drainage-specific information 23 

of the harvest represented by WASSIP mixtures would introduce complications to the estimation 24 
of run sizes and reduce the utility of WASSIP information. 25 

The GCL was tasked with testing the identifiability of the Goodnews River and Togiak Bay 26 

reporting groups to determine if they met the 90% criterion.  If these tests indicated that these 27 
reporting groups did not reach the 90% criterion, the GCL was tasked with convening a 28 
conference call with AP and TC members to resolve the Goodnews/Togiak reporting group 29 
issue.  This document provides results for these tests and the Department’s recommendation.  30 
Although the 90% criterion was not met in some of the tests, the correct allocations for the most 31 

challenging tests averaged 86%.  In light of these results and the management complexities 32 
associated with combing these two sub-regional reporting groups, the Department recommends 33 

that they should be maintained separately.  34 

                                                           
1
 This document serves as a record of communication between the Alaska Department of Fish and Game 

Commercial Fisheries Division and the Western Alaska Salmon Stock Identification Program Technical Committee.  

As such, these documents serve diverse ad hoc information purposes and may contain basic, uninterpreted data.  The 

contents of this document have not been subjected to review and should not be cited or distributed without the 

permission of the authors or the Commercial Fisheries Division. 
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Methods 35 

We evaluated the identifiability of the Goodnews and Togiak reporting groups with three types 36 
of baseline evaluation tests.  The first were “100% proof tests”, where 200 individuals were 37 
sampled without replacement from each reporting group and analyzed as a mixture against the 38 
reduced baseline. These tests provided an indication of the power of the baseline for mixed stock 39 

analysis (MSA) under the assumption that all the populations from a reporting group are 40 
represented in the baseline.  The second used two samples of the escapement to the Middle Fork 41 
of the Goodnews River (MF) as independent mixtures to analyze with the full baseline.  The first 42 
Goodnews River weir collection was taken on a single day (07/15/2001) and a second set of 43 
samples were taken over multiple days throughout June and July of 2007.  These tests assumed 44 

that the fish sampled at the Goodnews River weir were destined to spawn upstream of the weir.  45 
The third test used a sample of the subsistence harvest from the village of Togiak as an 46 

independent mixture to analyze with the full baseline.  The fish that made up this sample were 47 
collected over time (07/11/2008 – 08/01/2008) but little information exists on where they were 48 
harvested.  However, this test assumed that the harvested fish were returning to spawning 49 

grounds within Togiak Bay. 50 

The baseline used to estimate the stock composition of these tests is still in development but is 51 
based upon 91 independent SNP loci surveyed in populations of sockeye salmon ranging from 52 

Salmon Lake on the Seward Peninsula to Bering Lake near Cape Suckling.  Initial results of 53 
baseline evaluation tests, based upon 289 populations, indicated that the baseline for the 54 

Goodnews reporting group was incomplete.  Fortunately, we had screened a collection of river 55 
spawning sockeye salmon from the MF of the Goodnews River, but had excluded it from initial 56 
baseline evaluation tests because it did not meet the desired minimum samples size of 75 57 

individuals.  Given the apparent incompleteness of the baseline and the relatively large sample 58 

size of this collection (N=69), this collections was included in the baseline. 59 

Stock compositions of these test mixtures were estimated with the program BAYES (Pella and 60 

Masuda 2001). The Bayesian model implemented by BAYES places a Dirichlet distribution as the 61 
prior distribution for the stock proportions, and the parameters for this distribution must be 62 

specified.  We defined prior parameters for each reporting group to be equal (i.e., a “flat” prior) 63 
with the prior for each reporting group subsequently divided equally to populations within that 64 
reporting group.  We set the sum of all prior parameters to 1 (prior weight), which is equivalent 65 
to adding 1 fish to each mixture (Pella and Masuda 2001).  We ran 5 independent Markov Chain 66 
Monte Carlo (MCMC) chains of 40,000 iterations with different starting values and discarded the 67 

first 20,000 iterations to remove the influence of the initial start values.  We combined the 68 
second half of each chain to form the posterior distribution and tabulated mean estimates and 69 
90% credibility intervals from a total of 100,000 iterations.  We also assessed the among-chain 70 

convergence of these estimates using the Gelman-Rubin shrink factor, which compares the 71 
variation within a chain to the total variation among chains (Gelman and Rubin 1992).  If a 72 
shrink factor for any stock group estimate was greater than 1.2, we reanalyzed the mixture with 73 
80,000-iteration chains following the same protocol.  We repeated this procedure for each test 74 

mixture.  A critical level of 90% correct allocation was used to determine if the reporting group 75 

was acceptably identifiable (Seeb et al. 2000).  76 
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Results 77 

All stock composition estimates among chains converged for each mixture.  The correct 78 
allocations for the proof tests were 82% and 97% for the Goodnews and Togiak reporting groups 79 
(Table 1; Figure 3).  Only one of the three independent mixture samples returned a correct 80 
allocation greater than the 90% critical value, but the credibility intervals for all three included 81 
90%.   The correct allocation for the 2001 sample from the Goodnews River weir was greater 82 

than the 90% critical value (95%) but the 2007 mixture fell below (83%).  The Togiak 83 

subsistence sample had a correct allocation of 79%. 84 

Discussion 85 

Differences between the results of the different types of baseline evaluation tests within 86 
drainages likely reflect violations of test assumptions and differences in the completeness of the 87 

baseline.  The differences between the results of the types of baseline evaluation tests between 88 

drainages likely reflect violations of assumptions of the proof tests (i.e. baseline is complete), the 89 
independent mixture tests (i.e. fish destined for proximate drainage), or both.  The proof tests had 90 
a higher correct allocation than the mixture tests in the Togiak reporting group (proof = 97% vs. 91 

mixture = 79%).  In contrast, the Goodnews proof test had a similar correct allocation to one 92 
mixture sample but was worse than the other (proof = 82% vs. mixtures = 83% and 95%).  93 

Previous baseline evaluations that did not include the MF river collection had very similar 94 
estimates for the mixture tests but markedly better proof test results.  We believe that the proof 95 
tests of the previous, reduced baseline were overly optimistic because the complete baseline 96 

assumption of the test had been violated, and that the decrease in correct allocation for the 97 
current proof test reflects better representation of the Goodnews River reporting group in the 98 

baseline. 99 

The discrepancy between the results of the two Goodnews River weir tests may be explained by 100 
differences in the compositions of populations present in these collections and sampling error 101 
due to relatively small mixture sizes.  The river ecotype populations from Goodnews River are 102 

more genetically similar to Togiak area populations than the lake-type populations (Figure 2).  103 
The 2001 collection (95% correct allocation) was sampled on July 15, while the 2007 collection 104 

(83% correct allocation) was sampled throughout June and July.  Both collections are relatively 105 
small (2001=96 fish; 2007=140 fish).  It is possible that the fish in the 2001 collection were 106 
disproportionally represented by distinct, lake-ecotype populations than the 2007 fish.  This may 107 

have occurred if the lake-ecotype populations pass the weir later in the season or if these 108 
populations represented higher proportions of the escapement in 2001 than in 2007.  These types 109 
of differences, coupled with the relatively small mixture sizes may explain the variation in 110 
correct allocations we see between the two Goodnews River weir collections.  The performance 111 

of the weir samples relative to the proof tests does not support the hypothesis that there is 112 
missing baseline within the Goodnews River drainage after adding the sample of river-spawning 113 
sockeye salmon from the MF.  In addition, because the Goodnews River weir is 16 river 114 
kilometers upstream from Goodnews Bay, it is unlikely that fish destined for other drainages 115 

would have been captured at the weir.   116 

It is important to note that the MF of the Goodnews River produces only approximately one-third 117 
of the escapement to the Goodnews River drainage (10-year aerial survey count average: North 118 
Fork-24,965; Middle Fork-13,359; Taylor and Elison 2010) and that the MF Lake population in 119 
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the baseline appears to be the most divergent Goodnews River population (Figure 2).  It is 120 

possible that a mixture sample that includes fish from the entire Goodnews River system might 121 
show even higher misallocations to the Togiak reporting group based on the similarity between 122 

the NF populations and the Togiak populations (Figure 2). 123 

For the Togiak discrepancy, it is unclear which violation is more likely (missing baseline or non-124 

Togiak fish in the mixture). We have little documentation about where and how the subsistence 125 
harvest samples were collected except that they were collected over time throughout the month 126 
of July.  If some of the harvest occurred in nearshore marine waters, it is possible that some of 127 
the fish were not destined for Togiak Bay drainages.  On the other hand, we know that the 128 
baseline is missing some important populations such as the Pungokepuk River, a tributary of the 129 

Togiak River that contributes approximately 9% of the escapement as estimated by aerial survey 130 
(1988-2008 average 1,139, 8.7% of total; Salomone et al. 2009), and the river-spawning sockeye 131 
salmon from the Togiak mainstem that are thought to represent between 1/4

th
 and 1/3

rd
 of the 132 

escapement for this river.  Therefore, it is also possible that we do not have the populations of the 133 
Togiak reporting group adequately represented in the baseline.  Unfortunately we are unable to 134 
distinguish between these two hypotheses with available information.  We plan to collect fish 135 
from the Togiak drainage in the summer of 2011, but will not be able to incorporate these into 136 

the baseline given the timeline set out to get WASSIP results published. 137 

Conclusion 138 

While the Goodnews and Togiak reporting groups did not always meet our target critical level of 139 
90% correct allocation, due to the management implications of collapsing these two reporting 140 

groups into a single group and the generally fair identifiability suggested by our evaluation tests 141 
(average=87%), the Department recommends that these two should be separate sub-regional 142 

reporting groups. 143 

However, stock composition estimates for these two groups should be interpreted in context of 144 
these results, and we propose the following language accompany each reported estimate for these 145 

two groups from WASSIP: 146 

“Note that baseline evaluations suggest that misallocation between the Togiak and Goodnews 147 

sub-regional groups may be as high as 21%.” 148 

Following the consensus of the WASSIP AP at the March 17, 2011 meeting, a final decision on 149 

the separation of these sub-regional reporting groups based upon these results and review by the 150 

TC should be made by the AP via e-mail correspondence or teleconference call. 151 
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 167 

Specific questions for the Technical Committee 168 

1. Do you agree with our interpretation of these test results? 169 
 170 

2. Will the potential reduction in the accuracy and precision of estimates of the Goodnews 171 
and Togiak groups to WASSIP fisheries substantially compromise our ability to achieve 172 

the program goals? 173 
 174 

3. If you think we should collapse the two reporting groups, how do you suggest we apply 175 

combined estimates to the estimation of run sizes? 176 

 177 

Specific questions for the Advisory Panel 178 

1. Do you agree with the Department’s assessment that we should keep these two reporting 179 

groups separate? 180 
 181 

2. If you think we should collapse the two reporting groups, how do you suggest we apply 182 

combined estimates to the estimation of run sizes? 183 

 184 

Technical Committee review and comments 185 

Document 12:  Tests of Togiak and Goodnews reporting groups for sockeye salmon 186 

 187 

The Technical Committee and the Advisory Panel reached a consensus that the Goodnews and 188 
Togiak reporting groups should be kept separate for the purposes of WASSIP stock composition 189 

analysis for sockeye salmon.  190 
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Table 1.  Estimates of stock composition, 90% credibility intervals, and standard deviations for mixtures of 200 known-origin fish 

removed from the baseline populations of sockeye salmon that comprise the Goodnews and Togiak reporting groups (100% proof test; 

“Proof”), two mixtures of the escapement to the Goodnews River (“Weir”), and a mixture of the 2008 subsistence harvest from Togiak 

(“Subsistence”) using the program BAYES with a flat prior. Correct allocations are in bold. 

    Reporting Group 

Mixture 

 

Norton 

Sound 

Other 

Kuskokwim 

Bay Goodnews Togiak 

Other 

Bristol 

Bay 

North 

Peninsula 

South 

Peninsula Chignik 

East of 

WASSIP 

Goodnews Proof Proportion 0.00 0.02 0.82 0.15 0.01 0.00 0.00 0.00 0.00 

n=200 Lower 90% CI 0.00 0.00 0.75 0.09 0.00 0.00 0.00 0.00 0.00 

 

Upper 90% CI 0.00 0.06 0.89 0.21 0.03 0.01 0.00 0.00 0.00 

 

SD 0.00 0.02 0.04 0.04 0.01 0.01 0.00 0.00 0.00 

Goodnews Weir 2001 Proportion 0.00 0.00 0.95 0.03 0.01 0.01 0.00 0.00 0.00 

n=96 Lower 90% CI 0.00 0.00 0.85 0.00 0.00 0.00 0.00 0.00 0.00 

 

Upper 90% CI 0.00 0.01 1.00 0.12 0.02 0.03 0.02 0.01 0.01 

 

SD 0.00 0.01 0.05 0.04 0.01 0.01 0.01 0.01 0.00 

Goodnews Weir 2007 Proportion 0.00 0.00 0.83 0.14 0.00 0.01 0.00 0.00 0.00 

n=140 Lower 90% CI 0.00 0.00 0.75 0.08 0.00 0.00 0.00 0.00 0.00 

 

Upper 90% CI 0.00 0.01 0.91 0.22 0.02 0.04 0.00 0.00 0.00 

 

SD 0.00 0.01 0.05 0.04 0.01 0.01 0.00 0.00 0.00 

           Togiak Proof Proportion 0.00 0.00 0.03 0.97 0.00 0.00 0.00 0.00 0.00 

n=200 Lower 90% CI 0.00 0.00 0.00 0.88 0.00 0.00 0.00 0.00 0.00 

 

Upper 90% CI 0.00 0.00 0.11 1.00 0.01 0.01 0.00 0.00 0.00 

 

SD 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.00 0.00 

Togiak Subsistence Proportion 0.00 0.00 0.21 0.79 0.00 0.00 0.00 0.00 0.00 

n=473 Lower 90% CI 0.00 0.00 0.08 0.67 0.00 0.00 0.00 0.00 0.00 

 

Upper 90% CI 0.00 0.00 0.32 0.92 0.00 0.00 0.00 0.00 0.00 

  SD 0.00 0.00 0.07 0.07 0.00 0.00 0.00 0.00 0.00 
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Figure 1.  Baseline collections from the Togiak (red) and Goodnews (green) sub-regional reporting groups, and the locations of the 

weir on the Middle Fork of the Goodnews River (blue) and the village of Togiak (black dot).  
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Figure 2.  Multidimensional scaling plot of pairwise FST distances based upon 91 loci among sockeye salmon populations from the 

Goodnews (green) and Togiak (red) reporting groups.  
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Figure 3. Correct allocations and 90% credibility intervals for baseline evaluation tests of the Goodnews and Togiak reporting groups for sockeye 

salmon.  Tests include samples of the escapement (blue), mixtures of 200 known-origin fish removed from the baseline populations that comprise 

each reporting group (e.g., “100% proof tests”; purple), and a sample of the subsistence harvest (grey). 
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