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ABSTRACT 

This report summarizes progress in the development and implementation of genetic 
stock identification (GSI) in the Snake River basin for natural-origin steelhead and 
spring/summer (spring/summer) Chinook Salmon for the 01/01/2016 to 12/31/2017 reporting 
period. Four objectives for the GSI project are addressed in this report: 1) the maintenance and 
evaluation of single nucleotide polymorphism (SNP) panels for high-throughput genotyping of 
steelhead and Chinook Salmon in the Snake and Columbia river basins; 2) the updating, 
maintenance, and testing of SNP baselines to describe genetic variation and for use as a 
reference in conducting GSI for both species; 3) the implementation of GSI to estimate genetic 
stock composition and life history diversity of steelhead and spring/summer Chinook Salmon 
passing Lower Granite Dam (LGR); and 4) the summarization of life history and genetic diversity 
information for steelhead and spring/summer Chinook Salmon detected at PIT-tag detection 
systems. For both species, panels of up to 191 SNPs have been in use for GSI and parentage-
based tagging (PBT) at both Idaho Department of Fish and Game’s Eagle Fish Genetics Lab, 
and its collaborating laboratory, the Columbia River Inter-Tribal Fish Commission’s Hagerman 
Genetics Lab. Steelhead SNP baseline version v3.1 consists of 66 collections and 6,150 
individuals. Chinook Salmon SNP baseline v3.1 consists of 46 collections and 4,604 individuals. 
SNP baselines are used to describe genetic diversity and structure of natural-origin populations 
throughout the Snake River. Based on population structure we have defined 10 genetic stocks 
for steelhead and 7 genetic stocks for Chinook Salmon for GSI analysis at LGR. We summarize 
GSI results for returning adults and emigrating juveniles during 2016-2017 at LGR using v3.1 
baselines as reference. Finally, we describe the life history variation and genetic diversity of 
steelhead and Chinook Salmon detected at IPTDS. The information presented in this report 
provides critical data for viable salmonid population (VSP) monitoring of the Snake River 
steelhead DPS and the Snake River spring/summer Chinook Salmon ESU. 
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INTRODUCTION 

Abundance (i.e. number of adults on spawning grounds) is a primary metric needed for 
monitoring the status of steelhead and salmon populations in the Columbia River basin 
(McElhany et al. 2000). Estimates of abundance combined with age and sex information over 
time allows estimation of productivity (e.g. recruits-per-female). Both abundance and 
productivity metrics provide indicators of the resiliency of populations and allow assessments of 
extinction risk. Estimates of these metrics at the population or major population group (MPG) 
scale is information that fisheries managers can use to achieve sustainable harvest of larger 
populations, while protecting weaker stocks and the biodiversity present within them.  

 
Population-level assessments of abundance and productivity for ESA-threatened Snake 

River steelhead and Chinook Salmon can be particularly difficult due to the wide distribution and 
location of spawning areas (many populations are present in remote or wilderness areas). 
Additionally, environmental conditions at the time of spawning, especially for Snake River 
steelhead, often prevent the use of traditional counting methodologies (weirs, rotary screw 
traps, and redd count surveys). This is less of a problem for spring/summer Chinook Salmon, 
although turbid water conditions resulting from storms and forest fires have at times impacted 
the ability to estimate adult abundance using redd-based surveys in the Middle Fork and South 
Fork Salmon rivers (Thurow 2000). Snake River steelhead monitoring is further hampered due 
to high turbidity and changing flow conditions during the time of spawning (Thurow 1985). As a 
result, escapement estimates (and other demographic information) have not been available for 
most Snake River populations (Busby et al. 1996; Good et al. 2005) until recently.  

 
In lieu of more detailed basin-level and population-specific information, steelhead in the 

Columbia River basin have traditionally been assigned to two groups (A-run and B-run), based 
on life history characteristics and bimodal passage timing at Bonneville Dam in the mid-
Columbia River (Busby et al. 1996). By definition, A-run steelhead pass Bonneville Dam before 
August 25 and tend to return after one year in the ocean. B-run steelhead pass Bonneville Dam 
after August 25, tend to return after two years in the ocean. B-run steelhead are thought to be 
larger at age than A-run steelhead. Upstream migrating steelhead adults at Lower Granite Dam 
(LGR) do not exhibit a bimodal passage distribution. A-run and B-run adults at LGR are 
enumerated based on length (A-run, ≤78 cm; B-run, >78 cm) as a proxy for ocean age. A-run 
and B-run steelhead also exhibit differences in spawning distribution. A-run steelhead spawn 
throughout the Columbia basin, whereas the majority of B-run steelhead originate primarily from 
the Clearwater, Middle Fork Salmon, and South Fork Salmon rivers in Idaho. The putative 
differences in migration timing, morphology, and life history characteristics have been used as a 
surrogate for biodiversity in conservation planning for Snake River steelhead. However, the 
relationship between the morphological and life history characteristics to time of passage at 
Bonneville Dam is uncertain (Good et al. 2005). Further, the bimodal passage distribution at 
Bonneville Dam has become unimodal in recent years (Robards and Quinn 2002). 

 
Two management concerns regarding Snake River steelhead have arisen in the last 

several years. First, populations classified as “B-run” do not appear to be self-sustaining (NMFS 
2007) and their presence in the basin has affected operation of the Columbia River hydrosystem 
and fisheries management in the lower Columbia River. In particular, harvest of fall Chinook 
Salmon is constrained in order to limit impacts to B-run steelhead concurrently present in the 
Columbia River fishery. Secondly, there are substantial data needs to refine population 
delineations and conservation assessments (ICTRT 2003), but data have been lacking. 
Although Snake River “B-run” steelhead are currently identified as a biologically significant and 
distinct component of the Snake River DPS, their management is confounded by the lack of a 
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clear and detailed understanding of their actual spawning distribution and population structure. 
Nielsen et al. (2009) found that steelhead in Idaho Snake River tributaries exhibit a complicated 
pattern of genetic structure with populations clustering according to drainage locality, not simply 
by “A-run” or “B-run” designations. 

 
The above issues and similar conservation and management questions relating to 

Snake River steelhead and spring/summer Chinook Salmon may be addressed through genetic 
stock identification (GSI). GSI uses multilocus genotype data from reference populations 
(representing the contributing stocks) as a baseline and complimentary genotype data from 
mixtures of fish of unknown origin to estimate stock proportions within the mixture (Shaklee et 
al. 1999; Anderson et al. 2008). GSI has been used extensively to understand and manage 
mixed stock fisheries for a variety of Pacific salmonids including Chinook Salmon (Smith et al. 
2005), Sockeye Salmon (Habicht et al. 2010), Coho Salmon (Beacham et al. 2001), and 
steelhead (Beacham et al. 2000). In the Snake River basin, studies have indicated that both 
steelhead and Chinook Salmon exhibit significant genetic structuring at the watershed (or 
subbasin) level (Moran 2003; Narum et al. 2007; Nielsen et al. 2009; Matala et al. 2014). 
Previously, researchers have made use of this genetic structure to identify the genetic stock 
origin of kelt steelhead at LGR (Narum et al. 2008) and to estimate the stock composition of 
natural-origin and hatchery Chinook Salmon (Smith 2007) and natural-origin steelhead and 
Chinook Salmon (Ackerman et al. 2012; Campbell et al. 2012; Camacho et al. 2017; Camacho 
et al. 2018a; Camacho et al. 2018b) at LGR.  

 
The results of the studies summarized above demonstrate the utility of GSI to obtain 

genetic stock abundance estimates for steelhead and Chinook Salmon in the Snake River 
basin. Continuation of GSI at LGR will allow us to 1) monitor genetic structure throughout the 
basin over time, and 2) estimate abundance, productivity, and life history diversity for genetic 
stocks throughout the Snake River. Sustained development and evaluation of GSI has been 
strongly recommended by regional RME workgroups. Similar work initiated at Bonneville Dam 
and in the lower Columbia River has been supported by the Independent Scientific Review 
Panel (http://www.nwcouncil.org/library/isrp/isrp2008-15.pdf). 

 
REPORT STRUCTURE 

This report contains four sections, one for each of the study objectives. Section 1 
addresses the development of GT-Seq (Genotyping in Thousands by Sequencing) for more 
efficient and cost effective high-throughput genotyping for GSI in the Snake River basin. Section 
2 summarizes efforts to update, maintain, and test SNP baselines for Snake River steelhead 
and spring/summer Chinook Salmon. These baselines are used to monitor genetic diversity and 
structure of natural-origin populations and are the reference for GSI at LGR. Section 3 
addresses the use of GSI to estimate genetic stock proportions and life history diversity for 
natural-origin stocks at LGR. Section 4 summarizes life history and genetic diversity of 
steelhead and spring/summer Chinook Salmon detected at PIT-tag detection systems. 

 
In this report, we refer to adult steelhead and Chinook Salmon migrating past LGR using 

spawn years (SY). For steelhead, a spawn year refers to adults that migrate upstream past LGR 
during the fall of the previous calendar year and the spring of the current calendar year (e.g., 
SY2017 steelhead are adults that migrated past LGR between 7/1/16 – 6/30/17 and spawned in 
spring of 2017). For spring/summer Chinook Salmon, a spawn year refers to adults that migrate 
past the dam prior to August 17 and spawn that same fall. We refer to juveniles of both species 
migrating past LGR using migratory years (MY). A migratory year refers to juveniles migrating 
downstream past LGR from the end of March to the end of July that year.  

http://www.nwcouncil.org/library/isrp/isrp2008-15.pdf
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SECTION 1: EVALUATE AND MAINTAIN SNP MARKER PANELS 

INTRODUCTION 

The conclusion of calendar year 2017 marks our second full year of genotyping using 
the GT-seq platform for GSI and PBT applications. Our initial GT-seq marker panels comprised 
all markers used previously on the Fluidigm platform. As discussed in past reports, we chose to 
use the same markers on both genotyping platforms for continuity and because current PBT 
projects still rely on the original panel that had been produced on the Fluidigm platform. To 
review, the original Chinook Salmon GT-seq panel consists of 95 PBT loci, 96 GSI loci, and 1 
sex marker. Similarly, the original Steelhead GT-seq panel consists of 95 PBT loci, 96 GSI loci, 
and 1 sex marker. Starting this year, in collaboration with the CRITFC Hagerman Genetics Lab, 
we chose to expand both the Chinook Salmon and steelhead GSI/PBT GT-seq panels. In total, 
107 and 77 new markers have been added to the Chinook Salmon and steelhead GSI/PBT GT-
seq panels, respectively. All GSI and PBT work started in 2017, as well as current projects, 
have been genotyped using these larger panels. 

 
Data for existing and the newer panels are available on FishGen 

(https://www.fishgen.net/WebPages/CustomMarkerSet/MarkerExport.aspx). Metadata for each 
marker include synonym of species, Vic probe, Vic allele, Fam probe, Fam allele, forward 
primer, and reverse primer. The new larger Chinook panel known as ‘CRITFC/IDFG Chinook 
GTseq v3.0 299’ consists of 95 PBT loci, 96 GSI loci , 1 sex marker, and 107 new SNP 
markers. The new larger Steelhead panel known as ‘CRITFC/IDFG Steelhead GTseq v1.0 269’ 
consists of 95 PBT loci, 96 GSI loci, 1 sex marker, and 77 new SNP markers.  

 
 

DISCUSSION 

Marker panels have continued to expand since their inception, and this trend may slow 
in the future. It is important to keep in mind that the expansion of these panels does not affect 
past and future GSI/PBT work from the perspective of the original panels. That means that 
genotypes of markers from the smaller panels are contained within the larger panels. Current 
and future panels must adhere to one criteria: they must be compatible with existing panels. We 
have begun the process of evaluating these additional makers for both GSI and PBT 
applications. We intend to perform a thorough evaluation over the next performance period. For 
example, work is currently underway to re-genotype the Snake River steelhead GSI baseline. 
As more fish are genotyped using these larger panels, we will have the opportunity to evaluate 
the utility of these markers for PBT work as well. However, it is worth noting that we will 
continue to use the original 95 PBT marker panels for PBT work for the next several years, as 
only fish from the past year have been genotyped on the larger panels. 
 
 
 
 

  

https://www.fishgen.net/WebPages/CustomMarkerSet/MarkerExport.aspx
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SECTION 2: UPDATE, MAINTAIN, AND TEST SNP BASELINES FOR STEELHEAD AND 
CHINOOK SALMON IN THE SNAKE RIVER 

INTRODUCTION 

The Snake River SNP baselines for steelhead and Chinook Salmon serve two primary 
purposes: 1) to monitor genetic structure and diversity of natural-origin Snake River populations 
both spatially and temporally, and 2) to serve as a reference for GSI work at LGR.  

 
First, the monitoring of genetic structure over time and space provides insight regarding 

gene flow, both historic and contemporary, from natural (successful straying) and manmade (i.e. 
out-of-basin hatchery stocking) causes. Monitoring genetic diversity of populations provides 
information about gain or loss in genetic diversity over time and provides insight into the 
adaptive potential of populations. In this section, we provide genetic structure and diversity 
information for 23 extant steelhead TRT populations and 28 extant Chinook Salmon TRT 
populations throughout the Snake River basin to aid in viable salmonid population (VSP; 
McElhany et al. 2000) monitoring of the Snake River steelhead DPS and spring/summer 
Chinook ESU.  

 
Second, the Snake River SNP baselines serve as a reference for GSI conducted at LGR 

to estimate genetic stock composition of out-migrating smolts (e.g. Stark et al. 2016, Camacho 
et al. 2018b) and returning adults (e.g. Camacho et al. 2017, Camacho et al. 2018b). Genetic 
stock composition estimates of adults and juveniles at LGR, combined with sex and age data, 
will allow us to estimate abundance, productivity, and life history diversity of genetic stocks over 
time for VSP monitoring. For GSI, our objective is to periodically update and maintain the SNP 
baselines to accurately estimate contemporary allele frequencies (genetic structure) of natural-
origin populations throughout the Snake River contributing to production at LGR.  

 
In this report, we tested the accuracy and bias of the current Snake River basin GSI 

baselines for steelhead and Chinook Salmon. We investigated the effects of the marker panel 
and population composition on the assignment of individuals to reporting units. We also tested 
the effects of assignment method on the estimated stock composition of the run at LGR. Finally, 
we tested the accuracy of the Chinook Salmon Snake River SNP baseline v3.1 in classifying 
recent collections of Chinook Salmon sampled from the Chamberlain Creek watershed. 
 
 

METHODS 

We assessed whether the mixing proportions estimated for each reporting unit are 
biased due to heterogeneity in the number of populations included in each reporting unit using 
the R package rubias (E. Anderson unpublished, available at https://github.com/eriqande/rubias) 
as described in Hasselman et al. (2016). For this test, we resampled 4,000 individuals from the 
steelhead or Chinook Salmon Snake River GSI baseline version 3.1 1,000 times. In each 
iteration the proportion of samples from a reporting unit was drawn from a Dirichlet distribution 
with all parameters equal to 100 times the average mixture proportions observed at Lower 
Granite Dam from SY2012–2015. The proportion of samples from a population within each 
reporting unit was then drawn from a Dirichlet distribution with all parameters equal to 0.5. 

 
We assessed whether increasing the number of genotyped loci, or individuals, would 

lead to an increase in the assignment probability of individuals, and a decrease in the bias and 
variance of estimated mixing proportions at Lower Granite Dam. These tests were implemented 

https://github.com/eriqande/rubias
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by randomly removing 99%, 98%, 97%, 96%, 95%, 90%, 85%, 80%, 70%, 60%, or 50% of the 
loci or individuals in the current baseline 1,000 times. Therefore, a total of 22,000 baselines of 
various size were constructed. For each of these reduced size baselines 4,000 individuals were 
resampled from the steelhead or Chinook Salmon Snake River GSI baseline version 3.1. The 
reporting unit proportions for these tests were set equal to the average mixture proportions 
observed at Lower Granite Dam from SY2012–2015. The proportion of samples from a 
population within each reporting unit was then drawn from a Dirichlet distribution with all 
parameters equal to 0.5. 

 
When removing individuals from the baseline for these tests we made an effort to 

equalize sample sizes in each of the populations. Therefore, we started removing individuals 
from the largest populations in the baseline first working backwards to equate sample sizes. 
That is, if 60 individuals were to be removed from the baseline, and the largest population was 
more than 60 individuals larger than the next largest population, all individuals were removed 
from the largest population. If for example, the largest population was not 60 individuals larger 
than the next largest population, the largest population was equaled in size to the next largest 
population and then the remaining individuals to cut were removed from each of the two largest 
populations equally.  

 
For each iteration we calculated the mean posterior individual assignment probability for 

each population to a reporting unit, as well as root mean squared error for the estimated mixture 
proportions in the baseline. 
 

In addition to these bias analyses we completed two additional tests using our GSI 
baseline. First, we examined the effect of using different assignment methods available in the 
program gsi_sim on the assignment rate of baseline samples. We detail the results of this study 
in Appendix A. We also tested the genetic divergence between, and assignment rates of, recent 
juvenile and adult Chinook Salmon samples collected in the Chamberlain Creek watershed and 
our Snake River SNP baseline v3.1. We describe the results of this study in Appendix B. 
 
 

RESULTS 

We observed low overall bias in the estimated mixture proportions due to unequal 
numbers of populations in both the Snake River steelhead and Chinook Salmon GSI baselines 
version 3.1 (Figures 1 and 2). However, in general the Snake River steelhead GSI baseline 
version 3.1 does overestimate the mixture proportions from the lower Clearwater River and 
lower Snake River reporting units, and underestimate the proportions from the Imnaha River 
and lower Salmon River reporting units (Figure 1).  

 
In general reducing the number of loci or fish from the baseline led to increased root 

mean squared error in the estimated mixture proportions for steelhead reporting units in GSI 
baseline version 3.1 (Figure 3). Overall, it appeared that increasing the number of loci in the 
analysis led to greater reductions in root mean squared error than increasing the number of 
genotyped individuals (Figure 3). We observed larger increases in the average individual mean 
posterior probability of assignment to populations in the Snake River steelhead GSI baseline 
version 3.1 when increasing genotyped loci (Figure 4). Reducing the number of genotyped loci 
and fish resulted in similar patterns of increasing root mean squared error in Chinook Salmon 
(Figure 5). As with steelhead, the larger increases in the average individual mean posterior 
probability of assignment to populations in the Snake River Chinook Salmon GSI baseline 
version 3.1 were also observed when increasing genotyped loci (Figure 6).  
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DISCUSSION 

We have continued to modify and update the GSI baselines used to assign returning 
Snake River basin steelhead and Chinook Salmon to their reporting unit of origin over the 
course of this project. Ackerman et al. (2011b) used GSI baseline version 1.0 (Table 1) to 
assign migrating fish in 2009 and 2010 to their reporting group of origin using individual based 
assignments to their “best-estimate” stock in the program ONCOR (Kalinowski et al. 2007). GSI 
baseline 2.0 was developed in 2011 (Table 1). Ackerman et al. (2012) used Bayesian mixture 
modeling in a newly developed software program called gsi_sim (Anderson et al. 2008, 
Anderson 2010) to determine the proportion of fish crossing Lower Granite Dam that assigned 
to each reporting unit. Ackerman et al. (2014) assigned individuals to a slightly modified GSI 
baseline version 2.0 in 2012 (Table 1). Vu et al. (2015) updated the GSI baseline to version 3.0 
(Table 1) by incorporating adult fish PIT-tagged at Lower Granite Dam in SY2010–SY2012 and 
detected at PIT-tag detection arrays. Fish migrating in 2013 were assigned to reporting units 
using GSI baseline 3.0. Ackerman et al. (2016) created GSI baseline version 3.1 by removing 
individuals detected at IPTDS locations from the GSI baseline. This change was made to allow 
a re-analysis of all adults sampled at LGR (SY2009 through SY2015) using the same baseline. 
Fish migrating in 2014 and 2015 were assigned to reporting unit using GSI baseline version 3.1 
(Table 1). We assigned fish migrating in 2016 and 2017 to GSI baseline version 3.1 using 179 
loci for steelhead and 173 loci for Chinook Salmon (Table 1). The reduction in the size of the 
marker panels used for GSI analysis was due to a shift to genotyping individuals using the 
“Genotyping-in-Thousands by sequencing” methodology (Campbell et al. 2015). All individuals 
migrating past Lower Granite Dam since 2012 have been assigned to a reporting unit by 
summing the scaled likelihood of the genotype arising in a given population using in the 
program gsi_sim (Anderson et al. 2008; Anderson 2010). 

 
We chose to keep the same overall baselines from 2015. However, we reduced the 

steelhead panel by 6 loci (Omy_crb-106, Omy_rapd-167, OMS00087, OMS00169, OMS00176, 
Omy_u09-52.284) to align with the CRITFC Columbia River steelhead baseline (Hess et al. 
2013). We also removed 7 loci from the Chinook Salmon panel (Ots_ARNT, Ots_110495-380, 
Ots_C3N3, Ots_104569-86, Ots_unk8200-45, Ots_il13Ra2B-37, Ots_il1racp-166) because they 
did not make the initial GT-seq marker panel (Hess et al. 2016). These smaller marker panels 
led to a reduction in the number of samples included in each baseline due to the requirement 
that individuals included in the GSI baselines are successfully genotyped at a minimum of 90% 
of the SNP loci included in the baseline. Steelhead baseline v3.1 now consists of 5,967 samples 
genotyped at 179 loci. These collections represent all 23 TRT populations and all 6 major 
population groups. These collections were pooled into 45 GSI populations encompassing 10 
genetic stocks. Chinook Salmon v3.1 now consists of 4,356 samples genotyped at 173 loci. 
These collections represent 31 of 41 TRT populations and all 5 major population groups. These 
collections were pooled into 30 GSI populations encompassing seven genetic stocks. Methods, 
results, and analyses of both baselines can be found in Vu et al. (2015). 

 
We observed overall low bias in the estimated mixture proportions in both the Snake 

River steelhead and Chinook Salmon GSI baselines version 3.1 (Figures 1 and 2). This 
indicates that while individual assignment probabilities may be low in some populations in our 
baselines (Vu et al. 2015), the overall abundance estimates at Lower Granite Dam derived from 
estimated stock composition using GSI baselines v3.1 are unbiased.  
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We observed a pattern of increasing root mean squared error and decreasing mean 
individual posterior probability of assignment when reducing the number of genotyped loci in 
both the steelhead and Chinook Salmon GSI baselines (Figures 3-6). These reductions were 
greater than what we observed when reducing the number of genotyped individuals (Figures 3–
6). Therefore, there appears to be a greater benefit to increasing the number of genotyped loci 
for both baselines than adding additional samples to the baselines. This coming year we will 
focus on expanding the marker panel in our current Snake River steelhead and Chinook Salmon 
GSI baselines.  

 
Based on the results of our self-assignment tests we will use maximum likelihood 

estimates of the reporting unit of origin for individual steelhead and Chinook Salmon sampled at 
Lower Granite Dam (Appendix A). We did not observe substantial genetic divergence between 
recent collections of Chinook Salmon from Chamberlain Creek and our GSI baseline version 3.1 
(Appendix B). Therefore, we did not update the Chamberlain Creek reporting unit in GSI 
baseline version 3.1 from what Vu et al. (2015) describe.  
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SECTION 3. IMPLEMENT GSI METHODS TO ESTIMATE PROPORTIONS AND 
BIOLOGICAL PARAMETERS OF NATURAL-ORIGIN STOCKS AT LOWER GRANITE DAM 

INTRODUCTION 

The Idaho Department of Fish and Game’s (IDFG) long-range goal of its anadromous 
fish program, consistent with basin-wide mitigation and recovery efforts, is to preserve Idaho’s 
salmon and steelhead runs and recover them to benefit all users (IDFG 2007). Fisheries 
management requires an understanding of how salmonid populations function as well as regular 
status assessments to achieve these goals (McElhany et al. 2000). Estimates of abundance, 
combined with sex and age information over time, allow estimation of population growth rates; 
and both abundance and productivity metrics provide indicators of the resiliency and viability of 
populations. Estimates of these metrics at the genetic stock or MPG level is information that 
fisheries managers can use to achieve sustainable harvest of larger populations, while 
protecting weaker stocks and the biodiversity within them. 

 
However, population level or MPG assessments of abundance and productivity for ESA-

listed Snake River steelhead and spring/summer Chinook Salmon can be particularly difficult 
(see Report Introduction). Specific data on Snake River steelhead and Chinook Salmon MPGs 
and populations are lacking, particularly key parameters such as population abundance, age 
composition, genetic diversity, recruits per spawner, and survival rates (ICTRT 2003). Genetic 
Stock Identification is one potential means for estimating these parameters at a finer-scale (e.g., 
MPG, genetic stock [reporting group], or population). Genetic Stock Identification uses 
multilocus genotype data from reference populations (representing potential contributing stocks) 
as a baseline and a complimentary set of genotype data from mixtures of fish of unknown origin 
to estimate stock proportions within the mixture and to estimate stock of origin of individual fish 
(Shaklee et al. 1999). Section 2 of Vu et al. (2015) presents the SNP baselines used for GSI in 
the Snake River basin. Here we use complementary sets of genotype data from adults sampled 
at the Lower Granite Dam (LGR) adult trap and juveniles sampled at the LGR juvenile bypass 
facility to estimate the genetic stock of origin of upstream migrating adults and emigrating 
juveniles. We then provide life history diversity (sex, length, age, migration timing) information of 
individuals assigning to the various Snake River genetic stocks. 

 
In this report, we present individual genetic assignments and life history diversity 

information for SY2016-SY2017 adults and MY2016-MY2017 juveniles (both steelhead and 
Chinook Salmon) sampled at LGR.  

 
 

METHODS 

Adult Trap Operations 

Detailed methods for operation of the LGR adult trap can be found in Camacho et al. 
(2017) and citations within. Briefly, adult steelhead and spring/summer Chinook Salmon 
migrating upstream past LGR may be intercepted at a trapping facility, located on the adult fish 
ladder above the counting window, according to a predetermined sampling rate. A committee of 
collaborating management agencies determines the trap sampling rates that achieve sample 
requirements for multiple projects and balance fish handling concerns. Sample rates are 
typically 10–20%. The sample rate determines how long a trap gate remains open four times 
per hour; the trap is operational 24 hours per day. 
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Juvenile Trap Operations 

Detailed methods for operation of the LGR juvenile trap can be found in Camacho et al. 
(2018b) and citations within. The juvenile trap is located on the LGR juvenile bypass system. 
The trap captures a systematic sample of fish by operating two trap gates according to a 
predetermined sample rate. The sample rate determines how long the trap gates remain open, 
up to six times per hour. The trap is operational 24 hours per day and fish are processed every 
morning. Sample rate is predetermined daily to collect 250-750 fish per day (all species 
combined) and is based on the expected number of fish entrained in the bypass system that 
day. 

Fish Handling Protocols (Adults and Juveniles)  

Fish handling procedures are detailed in Camacho et al. (2017) for adults and Camacho 
et al. (2018b) for juveniles (and citations within both reports). Fish captured at the LGR adult or 
juvenile trap are anesthetized; identified to species; examined for external marks, tags, and 
injuries; scanned for an internal CWT or PIT-tag; and measured for fork length (FL). All fish are 
examined for the presence (unclipped) or absence (clipped) of the adipose fin and classified to 
putative origin (hatchery or natural). All natural-origin fish have an unclipped adipose fin 
because they spend their entire life cycle in the natural environment. Most hatchery-origin fish 
have a clipped adipose fin. However, some hatchery fish may be released with an unclipped 
adipose fin for supplementation or tribal harvest opportunities. Thus, unclipped fish are also 
examined for a CWT or a PIT-tag. The presence of a CWT definitively identifies an unclipped 
fish as hatchery origin. For unclipped steelhead, hatchery origin may also be determined by the 
presence of dorsal and/or ventral fin erosion, which is assumed to occur only in hatchery-reared 
steelhead (Latremouille 2003). Captured fish determined to be putatively natural-origin or 
unclipped hatchery with no CWT are sampled for scales (for age; except juvenile Chinook) and 
tissue (for sex and genotype data). For juveniles, fish bearing PIT tags and/or diseased or 
injured fish were omitted from the subsample, as were Chinook deemed to be yearling fall 
Chinook based on external morphology (Tiffan et al. 2000).  

 
Scales were taken from above the lateral line and posterior to the dorsal fin. Samples 

were stored in coin envelopes for transport to the IDFG ageing laboratory in Nampa, Idaho. 
Tissue samples were taken from a small clip of the anal fin. Tissues were stored in a vial with 
200-proof non-denatured ethyl alcohol for transport to the IDFG Eagle Fish Genetics 
Laboratory. Gender was not visually determined at the trap, but was assessed using Y-specific 
genetic assays (Campbell et al. 2012). After processing, all fish were returned to the fish ladder 
to resume upstream migration (adults) or the bypass system to resume downstream migration 
(juveniles). 

Scale Age Protocol 

Protocols for determining a fish’s age from scales are detailed in Wright et al. (2015). 

Genetics Laboratory Protocol 

Laboratory protocols for DNA extraction, amplification, and SNP genotyping are detailed 
in Section 2 of Vu et al. (2015). MY2016 steelhead and Chinook Salmon juveniles and SY2016 
steelhead and Chinook Salmon adults were processed at the CRITFC Genetics Lab in 
Hagerman, Idaho. MY2017 steelhead and Chinook Salmon juveniles and SY2017 steelhead 
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and Chinook Salmon adults were processed at IDFG’s Eagle Fish Genetics Lab (EFGL) in 
Eagle, Idaho. 

Parentage-Based Tagging 

Beginning in 2008, parentage-based tagging (PBT; Anderson and Garza 2005) has been 
used to genetically tag nearly all hatchery-origin steelhead in the Snake River basin (Steele et 
al. 2013a, 2013b). This genetic tagging technique is accomplished by genotyping all parental 
broodstock each spawn year, thereby allowing any offspring to be assigned back to their 
parents and identifying the hatchery of origin and age of offspring. The implementation of PBT 
provides an alternative to coded-wire tags (CWT) for identifying the origin and age of fish 
harvested in mixed-stock fisheries or that stray into natural spawning areas.  

 
We conducted PBT analysis for all unclipped juvenile fish sampled in MY2016-MY2017 

and adult fish sampled in SY2016-SY2017. In using PBT to evaluate all the fish, we are better 
able to identify putative natural-origin (unclipped, unmarked) fish that are truly of hatchery origin. 
Any individuals identified as unmarked hatchery origin adults with a PBT were removed from the 
dataset before performing GSI and evaluating life history diversity of genetic stocks. 

Genetic Stock Identification 

Individual assignment (IA) tests were conducted on all unclipped juveniles and adults 
that did not receive a PBT assignment in MY2016-2017 and SY2016-2017 using the Snake 
River SNP baselines v3.1 described in Section 2 of Vu et al. (2015). SNP allele frequency 
estimates from baseline collections serve as the reference information for IA tests. Fish sampled 
at the LGR adult and juvenile trapping facilities were genotyped at the same SNPs and 
multilocus genotype data were used to assign individual fish back to their estimated population 
(and genetic stock) of origin (Pella and Milner 1987; Shaklee et al. 1999). In IA, the probability 
that each fish originates from a baseline population is calculated based on the likelihood that the 
individual’s genotype belongs to that population, given baseline allele frequency estimates. 
Individual population estimates were first calculated and then summed into genetic stock 
estimates (allocate-sum procedure; Wood et al. 1987). Genetic stocks (aka reporting groups) 
are assemblages of reference (baseline) populations grouped primarily by genetic and 
geographic similarities and secondarily by political boundaries and/or management units 
(Ackerman et al. 2011a). IA procedures assign an individual’s genotype to the reporting group 
from which it is most likely to have originated.  

 
Ten genetic stocks were used for natural-origin steelhead IA analyses. Genetic stocks 

include: 1) UPSALM: upper Salmon River; 2) MFSALM: Middle Fork Salmon River (including 
Chamberlain and Bargamin creeks); 3) SFSALM: South Fork Salmon River; 4) LOSALM: lower 
Salmon River; 5) UPCLWR: upper Clearwater River (Lochsa and Selway rivers); 6) SFCLWR: 
South Fork Clearwater River (including Clear Creek); 7) LOCLWR: lower Clearwater River; 8) 
IMNAHA: Imnaha River; 9) GRROND: Grande Ronde River; and 10) LSNAKE: Asotin Creek 
and tributaries to the Snake River downstream of the Clearwater River confluence.  

 
Seven natural-origin Chinook Salmon genetic stocks were used during IA analyses. 

Genetic stocks include: 1) UPSALM: upper Salmon River; 2) MFSALM: Middle Fork Salmon 
River; 3) CHMBLN: Chamberlain Creek; 4) SFSALM: South Fork Salmon River; 5) HELLSC: an 
aggregate reporting group that includes the Little Salmon, Clearwater, Grande Ronde, and 
Imnaha rivers; 6) TUCANO: Tucannon River, and 7) FALL: Snake River fall Chinook Salmon. 
Three collections of Snake River fall Chinook Salmon (see Table 2 in Ackerman et al. 2012) are 



12 

included in the SNP baselines (FALL genetic stock); we are able to identify fall Chinook within 
mixtures of spring/summer Chinook with 100% accuracy. 

 
After performing IA, we estimated genetic stock compositions of all samples analyzed 

and evaluated life history diversity for each genetic stock. We summarize results for eight 
sample groups: 

• SY2016 steelhead adults 
• MY2016 steelhead juveniles 
• SY2016 Chinook adults 
• MY2016 Chinook juveniles 
• SY2017 steelhead adults 
• MY2017 steelhead juveniles 
• SY2017 Chinook adults 
• MY2017 Chinook juveniles 
 
 

RESULTS 

We inventoried a total of 22,643 samples from SY2016-SY2017 adults and MY2016-
MY2017 juveniles from LGR (Table 2). All inventoried samples were queued for genotyping. We 
failed to successfully genotype 257 (1.1%) of the queued samples. We assigned 5,103 (22.8%) 
samples to hatchery parents in our PBT baseline despite all samples being collected from fish 
with intact adipose fins. Results for the remaining 17,283 samples on which we performed IA 
are summarized below and in Tables 2-6. 

SY2016-SY2017 Steelhead Adults  

Of the 5,237 unclipped adult steelhead sampled in SY2016, 4,830 (92.2%) were 
phenotypically identified as natural-origin because they had no apparent dorsal or ventral fin 
erosion (Table 2). The remaining 407 (7.8%) fish were identified as hatchery origin due to the 
presence of dorsal and/or ventral fin erosion. All 5,237 samples collected in SY2016 were 
queued for genotyping, and we successfully genotyped 5,149 (98.3%) of these samples. We 
assigned 436 (9.2%) of the 4,744 successfully genotyped phenotypically natural-origin fish to 
hatchery parents, and 375 (92.6%) of the 405 successfully genotyped phenotypically hatchery 
fish to hatchery parents. The remaining successfully genotyped phenotypically natural-origin 
(4,308) and phenotypically hatchery (30) fish that did not assign to hatchery parents were all 
assigned to a genetic stock via IA.  

 
Life history diversity information (sex, length, and ocean age) for the 4,308 unclipped 

steelhead adults sampled in SY2016 that were assigned a genetic stock is summarized in Table 
3. Of the 4,308 assigned a genetic stock, 606 (14.1%) assigned to UPSALM, 290 (6.7%) to 
MFSALM, 165 (3.8%) to SFSALM, 145 (3.4%) to LOSALM, 454 (10.5%) to UPCLWR, 271 
(6.3%) to SFCLWR, 465 (10.8%) to LOCLWR, 328 (7.6%) to IMNAHA, 1,074 (24.9%) to 
GRROND, and 510 (11.8%) to LSNAKE. 

 
Of the 4,731 unclipped adult steelhead sampled in SY2017, 3,951 (83.5) were 

phenotypically identified as natural-origin because they had no apparent dorsal or ventral fin 
erosion (Table 2). The remaining 780 (16.5%) fish were identified as hatchery origin due to the 
presence of dorsal and/or ventral fin erosion. All 4,731 samples collected in SY2017 were 
queued for genotyping, and we successfully genotyped 4,713 (99.6%) of these samples. We 
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assigned 851 (21.6%) of the 3,935 successfully genotyped phenotypically natural-origin fish to 
hatchery parents, and 727 (93.4%) of the 778 successfully genotyped phenotypically hatchery 
fish to hatchery parents. The remaining successfully genotyped phenotypically natural-origin 
(3,084) and phenotypically hatchery (51) fish that did not assign to hatchery parents were all 
assigned to a genetic stock via IA.  

 
Life history diversity information (sex, length, and ocean age) for the 3,084 unclipped 

steelhead adults sampled in SY2017 that were assigned a genetic stock is summarized in Table 
3. Of the 3,084 assigned a genetic stock, 232 (7.5%) assigned to UPSALM, 200 (6.5%) to 
MFSALM, 126 (4.1%) to SFSALM, 32 (1.0%) to LOSALM, 432 (14.0%) to UPCLWR, 212 (6.9%) 
to SFCLWR, 223 (7.2%) to LOCLWR, 199 (6.5%) to IMNAHA, 1,008 (32.7%) to GRROND, and 
420 (13.6%) to LSNAKE. 

MY2016-MY2017 Steelhead Juveniles 

All 1,243 unclipped juvenile steelhead samples for MY2016 were queued for genotyping 
(Table 2). A total of 1,231 (99.0%) juveniles were genotyped successfully, with 31 (2.5%) 
assigning back to hatchery parents. The remaining 1,200 (97.5%) were assigned a genetic 
stock via IA. 

 
Life history diversity information for the 1,200 emigrating steelhead smolts that were 

assigned a genetic stock is summarized in Table 4. Of the 1,200 steelhead smolts assigned a 
genetic stock, 191 (15.9%) assigned to UPSALM, 114 (9.5%) to MFSALM, 78 (6.5%) to 
SFSALM, 52 (4.3%) to LOSALM, 138 (11.5%) to UPCLWR, 93 (7.8%) to SFCLWR, 99 (8.3%) 
to LOCLWR, 108 (9.0%) to IMNAHA, 210 (17.5%) to GRROND, and 117 (9.8%) to LSNAKE. 

 
All 1,516 unclipped juvenile steelhead samples for MY2017 were queued for genotyping 

(Table 2). A total of 1,474 (98.1%) juveniles were genotyped successfully, with 20 (1.4%) 
assigning back to hatchery parents. The remaining 1,454 (98.6%) were assigned a genetic 
stock via IA. 

 
Life history diversity information for the 1,454 emigrating steelhead smolts that were 

assigned a genetic stock is summarized in Table 4. Of the 1,454 steelhead smolts assigned a 
genetic stock, 343 (23.6%) assigned to UPSALM, 68 (4.7%) to MFSALM, 26 (1.8%) to 
SFSALM, 24 (1.7%) to LOSALM, 129 (8.9%) to UPCLWR, 126 (8.7%) to SFCLWR, 120 (8.3%) 
to LOCLWR, 102 (7%) to IMNAHA, 352 (24.2%) to GRROND, and 164 (11.3%) to LSNAKE. 

SY2016-SY2017 Chinook Salmon Adults 

We inventoried 4,538 unclipped adult Chinook Salmon samples for SY2016 and all of 
them were queued for genotyping (Table 2). Of those, 4,489 (98.9%) were genotyped 
successfully, of which 1,409 (31.4%) were assigned back to hatchery parents and 3,080 
(68.6%) were assigned back to a genetic stock via IA. 

 
Life history diversity information for the 3,080 Chinook Salmon adults that were assigned 

to a genetic stock is summarized in Table 5. Of the 3,080 samples, 614 (19.9%) assigned to 
UPSALM, 448 (14.5%) to MFSALM, 51 (1.7%) to CHMBLN, 359 (11.7%) to SFSALM, 1,254 
(40.7%) to HELLSC, 8 (0.3%) to TUCANO, and 346 (11.2%) to FALL. 

 
We inventoried 2,060 unclipped adult Chinook Salmon samples for SY2017 and all of 

them were queued for genotyping (Table 2). Of those, 2,055 (99.8%) were genotyped 
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successfully, of which 828 (40.3%) were assigned back to hatchery parents and 1,227 (59.7%) 
were assigned back to a genetic stock via IA. 

 
Life history diversity information for the 1,227 Chinook Salmon adults that were assigned 

to a genetic stock is summarized in Table 5. Of the 1,227 samples, 193 (15.7%) assigned to 
UPSALM, 165 (13.4%) to MFSALM, 28 (2.3%) to CHMBLN, 206 (16.8%) to SFSALM, 479 
(39.0%) to HELLSC, 9 (0.7%) to TUCANO, and 147 (12.0%) to FALL. 

MY2016-MY2017 Chinook Salmon Juveniles 

We inventoried 1,516 unclipped juvenile Chinook Salmon for MY2016. Of the 1,516 
juvenile Chinook Salmon inventoried, all were queued for genotyping and 1,475 (97.3%) of 
those genotyped successfully (Table 2). Of the juveniles genotyped, 171 (11.6%) were assigned 
back to hatchery parents and the remaining 1,304 (88.4%) were assigned a genetic stock via IA. 

 
Life history diversity information for the 1,304 Chinook Salmon smolts assigned a 

genetic stock is summarized in Table 6. Of the 1,304 Chinook Salmon smolts assigned a 
genetic stock, 206 (15.8%) assigned to UPSALM, 226 (17.3%) to MFSALM, 29 (2.2%) to 
CHMBLN, 212 (16.3%) to SFSALM, 590 (45.2%) to HELLSC, 5 (0.4%) to TUCANO, and 36 
(2.8%) to FALL. 

 
We inventoried 1,816 unclipped juvenile Chinook Salmon for MY2017. Of the 1,816 

juvenile Chinook Salmon inventoried, all were queued for genotyping and 1,800 (99.1%) of 
those genotyped successfully (Table 2). Of the juveniles genotyped, 255 (14.2%) were assigned 
back to hatchery parents and the remaining 1,545 (85.8%) were assigned a genetic stock via IA. 

 
Life history diversity information for the 1,545 Chinook Salmon smolts assigned a 

genetic stock is summarized in Table 6. Of the 1,545 Chinook Salmon smolts assigned a 
genetic stock, 295 (19.1%) assigned to UPSALM, 237 (15.3%) to MFSALM, 11 (0.7%) to 
CHMBLN, 285 (18.4%) to SFSALM, 710 (46.0%) to HELLSC, 0 (0.0%) to TUCANO, and 7 
(0.5%) to FALL. 

 
 

DISCUSSION 

Adult steelhead and spring/summer Chinook Salmon are intercepted at the LGR adult 
trapping facility at approximately a 10–20% trapping rate. Tissue samples are taken from 
trapped fish as part of this project to estimate abundance and life history diversity metrics at the 
genetic stock and/or MPG scale. This work allows estimation of abundance and productivity by 
the Idaho Department of Fish and Game for both steelhead and Chinook Salmon at the genetic 
stock scale across the entire Snake River basin. These metrics are critical components of VSP 
monitoring and are reported in the wild adult and juvenile steelhead and Chinook Salmon 
abundance and composition reports (e.g., Camacho et al. 2017; Camacho et al. 2018a; 
Camacho et al. 2018b). 

 
Trapped adult fish are also PIT tagged by the Integrated Status and Effectiveness 

Monitoring Project (ISEMP; BPA Project 2003-017-00). Detection of these PIT-tagged 
throughout the Snake River basin are used in a Bayesian branching model to provide reliable 
and unbiased estimates of abundance at the tributary scale (QCI 2013; See et al. 2016). A 
multi-agency collaboration has been initiated to utilize information generated from these two 
innovative technologies (SNP genotyping and PIT-tag detections). The goal of this collaboration 
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is to synthesize available data regarding abundance, life-history diversity, and genetic structure 
and diversity of Snake River steelhead and spring/summer Chinook Salmon. This information is 
available from the PIT tagging and biological sampling of adults at LGR and the subsequent 
detection of those adults throughout the Snake River basin. We discuss where the results of this 
collaboration are reported in Section 4.  

 
The Columbia River Inter-Tribal Fish Commission conducts PBT and GSI of adult 

steelhead and Chinook Salmon at Bonneville Dam to estimate stock composition and 
abundance and to evaluate life history information for stocks migrating above Bonneville Dam. 
In the future, we intend to combine information from GSI at both LGR and Bonneville Dam to 
evaluate straying and survival between the two dams for both species. Further, we will evaluate 
adults captured in the Zone 6 fishery (between Bonneville Dam and McNary Dam) using a 
combination of PBT and GSI. The above information combined will also greatly assist run 
reconstruction efforts. 

 
Parentage-based tagging is another important genetic technology implemented on all 

fish with intact adipose fins sampled at LGR prior to GSI. Using this technology we can remove 
unmarked, untagged hatchery origin individuals from the natural-origin sample used to estimate 
abundance at the genetic stock, MPG, population, and/or subpopulation levels. Failing to 
remove these unidentified hatchery individuals will result in overestimating abundance of 
natural-origin stocks. This overestimate is likely the largest potential source of bias in 
abundance estimation within the Snake River basin. We illustrate the importance of this filtering 
step with returning steelhead. Hatchery steelhead can potentially be identified through the 
presence of dorsal and/or ventral fin erosion that is assumed absent from natural-origin 
individuals (Latremouille 2003) in addition to any physical marks (e.g., coded wire tags, adipose 
fin clip) applied at the hatchery. Despite this additional “mark,” using PBT we identified an 
additional 9.2% to 21.7% of the phenotypically natural-origin steelhead trapped at LGR as 
hatchery origin in SY2016-2017 (Table 2). Because there is no additional phenotypic hatchery 
“mark” for Chinook Salmon the rate of adipose-intact hatchery fish identified via PBT only is 
higher than for steelhead. Thus, the application of PBT is instrumental in accurately estimating 
abundance of natural-origin stocks in the Snake River basin.  

 
Continuation of GSI efforts at LGR will allow us to 1) monitor genetic structure and 

diversity throughout the basin over time, and 2) estimate productivity parameters and related life 
history diversity information for genetic stocks throughout the Snake River basin. 
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SECTION 4: SUMMARIZE LIFE HISTORY AND GENETIC DIVERSITY OF NATURAL-ORIGIN 
STEELHEAD AND SPRING/SUMMER CHINOOK SALMON THAT ARE DETECTED AT PIT 

TAG DETECTIONS SYSTEMS IN THE SNAKE RIVER BASIN SY2016-2017 

Powell et al. (2017) synthesized life history and genetic diversity of 15 of the 24 extant 
independent steelhead populations within the Snake River DPS, 17 of the 28 extant Snake 
River spring/summer Chinook Salmon populations, and 4 extirpated Snake River 
spring/summer Chinook Salmon populations for SY2010–2015. Powell and others are 
presenting this information for SY2016-2017 in a companion report titled “Abundance, life 
history and genetic diversity of natural-origin steelhead and spring/summer Chinook Salmon 
detected at instream PIT-tag detection systems in the Snake River basin.” 
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Table 1.  Summary of GSI baselines and analysis methods employed to assign individual 
steelhead and Chinook Salmon to their reporting unit of origin from 2009–2017. 

 

Year Species 
Baseline 
Version Loci Individuals Collections Populations 

Reporting 
Units 

Assignment 
Method Citation 

2009 STHD 1.0 191 2514 52 49 10 
ONCOR 
Individual 
Assignment 

Ackerman et 
al. (2011) 

CHNK 1.0 141 2390 54 32 5 

2010 STHD 1.0 191 2514 52 49 10 

CHNK 1.0 141 2390 54 32 5 

2011 STHD 2.0 191 4145 83 63 10 gsi_sim 
Mixture 
Modeling 

Ackerman et 
al. (2012) 

CHNK 2.0 191 3392 111 39 7 

2012 STHD 2.0 191 4116 85 63 10 

gsi_sim 
Individual 
Assignment 

Ackerman et 
al. (2014) 

CHNK 2.0 191 3327 110 39 7 

2013 STHD 3.0 185 8028 139 68 10 Vu et al. 
(2015) 

CHNK 3.0 180 6151 151 57 7 

2014 STHD 3.1 185 6150 136 66 10 Ackerman et 
al. (2016) 

CHNK 3.1 180 4604 148 46 7 

2015 STHD 3.1 185 6150 136 66 10 Powell et al. 
(2017) 

CHNK 3.1 180 4604 148 46 7 

2016 STHD 3.1 179 5967 136 45 10 

This report CHNK 3.1 173 4356 148 30 7 

2017 STHD 3.1 179 5967 136 45 10 

CHNK 3.1 173 4356 148 30 7 
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Table 2.  Summary of SY2016-SY2017 adult and MY2016-MY2017 juvenile steelhead and Chinook Salmon samples from 
Lower Granite Dam (LGR). Summary includes the number of samples that arrived from LGR (inventoried) and the 
number inventoried that were queued for genotyping. Of queued samples, we show the number that genotyped 
successfully and the number that failed genotyping. For samples that genotyped successfully, we show the number 
that had a parentage based tag (PBT) and the number that were assigned a genetic stock based on individual 
assignment (IA) using SNP baselines v3.1 

 

Sample Group 
Total 

Samples 
Inventoried 

Samples 
Queued for 
Genotyping 

Failed 
Genotyping 

(NG) 
Successfully 
Genotyped 

PBT 
Assignments 

GSI 
Assignments 

Steelhead       
SY2016 Adults (Natural-origin Phenotype) 4,830 4,830 86 (1.8%) 4,744 (98.2%) 436 (9.2%) 4,308 (90.8%) 
SY2016 Adults (Hatchery Phenotype) 407 407 2 (0.5%) 405 (99.5%) 375 (92.6%) 30 (7.4%) 
MY2016 Juveniles 1,243 1,243 12 (1.0%) 1,231 (99.0%) 31 (2.5%) 1,200 (97.5%) 
SY2017 Adults (Natural-origin Phenotype) 3,951 3,951 16 (0.4%) 3,935 (99.6%) 852 (21.7%) 3,083 (78.3%) 
SY2017 Adults (Hatchery Phenotype) 780 780 2 (0.3%) 778 (99.7%) 727 (93.4%) 51 (6.6%) 
MY2017 Juveniles 1,502 1,502 28 (1.9%) 1,474 (98.1%) 20 (1.4%) 1,454 (98.6%) 
Chinook       
SY2016 Adults 4,538 4,538 49 (1.1%) 4,489 (98.9%) 1,409 (31.4%) 3,080 (68.6%) 
MY2016 Juveniles 1,516 1,512 41 (2.7%) 1,475 (97.3%) 171 (11.6%) 1,304 (88.4%) 
SY2017 Adults 2,060 2,060 5 (0.2%) 2,055 (99.8%) 828 (40.3%)  1,227(59.7%) 
MY2017 Juveniles 1,816 1,816 16 (0.9%) 1,800 (99.1%) 255 (14.2%) 1,545 (85.8%) 

TOTAL: 22,643 22,643 257 (1.1%) 22,386 (98.9%) 5,104 (22.8%) 17,282 (77.2%) 
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Table 3.  Summary of 7,391 Lower Granite Dam (LGR) adult steelhead samples from SY2016-SY2017 assigned to a genetic 
stock using individual assignment based on Snake River steelhead SNP baseline v3.1. Summaries of life history 
diversity information (sex, length, and ocean age) for each genetic stock are shown. The ‘Other’ saltwater age 
category includes fish that were not queued to be aged, fish that could not be aged, and fish with spawn checks. 

 
       Sex Length Ocean (Saltwater) Age 
 

     Frequency Percentage Mean Length (cm 
FL) by Ocean Age Frequency Percentage Frequency Percentage 

SY Genetic 
Stock 

Total 
Assignments 

% Stock 
Composition F M U F M 1 2 3 A-Run B-Run A-Run B-Run 1 2 3 Other 1 2 3 

2016 

UPSALM 606 14% 420 186 0 69% 31% 58.7 68.3 75 601 3 100% 0% 174 219 1 212 44% 56% 0% 
MFSALM 290 7% 219 71 0 76% 24% 61 72.6 82 251 39 87% 13% 52 120 3 115 30% 69% 2% 
SFSALM 165 4% 118 47 0 72% 28% 64.1 75.8 85 112 53 68% 32% 27 102 1 35 21% 78% 1% 
LOSALM 145 3% 100 45 0 69% 31% 58.9 69 - 142 3 98% 2% 46 51 0 48 47% 53% 0% 
UPCLWR 454 11% 315 139 0 69% 31% 63.7 77.3 84.2 279 175 61% 39% 39 198 4 213 16% 82% 2% 
SFCLWR 271 6% 177 94 0 65% 35% 63.2 77.2 88.5 159 112 59% 41% 21 170 4 76 11% 87% 2% 
LOCLWR 465 11% 313 152 0 67% 33% 60 70.4 - 446 19 96% 4% 104 200 0 161 34% 66% 0% 
IMNAHA 328 8% 222 106 0 68% 32% 58.7 68.6 - 325 3 99% 1% 108 149 0 71 42% 58% 0% 
GRROND 1074 25% 714 360 0 66% 34% 58.6 68.3 - 1065 9 99% 1% 275 448 0 351 38% 62% 0% 
LSNAKE 510 12% 339 171 0 66% 34% 58.7 68.5 78 500 10 98% 2% 124 196 1 189 39% 61% 0% 

SY2016 Total: 4308 
 

2937 1371 0 68% 32% 59.4 71.1 83.9 3880 426 90% 10% 970 1853 14 1471 34% 65% 0% 

2017 

UPSALM 232 8% 156 72 4 68% 32% 57 69.7 - 222 8 97% 3% 27 123 0 82 18% 82% 0% 
MFSALM 200 6% 162 35 3 82% 18% 62.2 73.5 - 145 53 73% 27% 6 112 0 82 5% 95% 0% 
SFSALM 126 4% 103 21 2 83% 17% 56 77.4 82.6 65 61 52% 48% 1 99 5 21 1% 94% 5% 
LOSALM 32 1% 18 12 2 60% 40% 50.5 71.5 - 28 4 88% 12% 2 17 0 13 11% 89% 0% 
UPCLWR 432 14% 335 84 13 80% 20% 57 78.3 86 177 248 42% 58% 1 282 4 145 0% 98% 1% 
SFCLWR 211 7% 152 54 5 74% 26% 64.5 78.4 84.6 94 113 45% 55% 2 150 5 54 1% 96% 3% 
LOCLWR 223 7% 168 52 3 76% 24% 57.7 72.3 - 185 34 84% 16% 10 129 0 84 7% 93% 0% 
IMNAHA 199 6% 150 48 1 76% 24% 56.9 69 - 194 4 98% 2% 29 124 0 46 19% 81% 0% 
GRROND 1008 33% 742 238 28 76% 24% 59.1 70 84 951 42 96% 4% 114 534 1 359 18% 82% 0% 
LSNAKE 420 14% 285 127 8 69% 31% 58.9 69.7 - 397 20 95% 5% 52 239 0 129 18% 82% 0% 

SY2017 Total: 3083  2271 743 69 75% 25% 58.5 72.7 84.3 2458 587 81% 19% 244 1809 15 1015 12% 87% 1% 
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Table 4.  Summary of 2,654 Lower Granite Dam (LGR) juvenile steelhead samples from MY2016-MY2017 assigned to a 
genetic stock using individual assignment based on Snake River steelhead SNP baseline v3.1. Summaries of life 
history diversity information (sex, length, and freshwater age) for each genetic stock are shown. The ‘Other’ freshwater 
age category includes fish that were not queued to be aged or could not be aged. 

 
       Sex Length Freshwater Age 
      Frequency Percentage   Frequency Percentage 

MY Genetic 
Stock 

Total 
Assignments 

% Stock 
Composition F M U F M Mean Length 

(mm FL) 1 2 3 4 5 Other 1 2 3 4 5 

2016 

UPSALM 191 16% 109 82 0 57% 43% 177 13 88 49 2 0 39 9% 58% 32% 1% 0% 
MFSALM 114 10% 77 37 0 68% 32% 178 1 31 60 12 0 10 1% 30% 58% 12% 0% 
SFSALM 78 6% 52 26 0 67% 33% 183 0 20 44 9 1 4 0% 27% 59% 12% 1% 
LOSALM 52 4% 35 17 0 67% 33% 175 1 26 19 2 0 4 2% 54% 40% 4% 0% 
UPCLWR 138 12% 99 39 0 72% 28% 178 1 42 71 20 0 4 1% 31% 53% 15% 0% 
SFCLWR 93 8% 56 37 0 60% 40% 169 5 63 14 1 0 10 6% 76% 17% 1% 0% 
LOCLWR 99 8% 68 31 0 69% 31% 176 7 53 23 2 0 14 8% 62% 27% 2% 0% 
IMNAHA 108 9% 74 34 0 69% 31% 180 6 55 29 2 0 16 7% 60% 32% 2% 0% 
GRROND 210 18% 142 68 0 68% 32% 184 12 107 55 2 0 34 7% 61% 31% 1% 0% 
LSNAKE 117 10% 68 49 0 58% 42% 178 7 64 27 2 0 17 7% 64% 27% 2% 0% 

MY2016 Total: 1,200 
 

780 420 0 65% 35% 178 53 549 391 54 1 152 5% 52% 37% 5% 0% 

2017 

UPSALM 343 24% 208 129 6 62% 38% 174 60 218 52 3 1 9 18% 65% 16% 1% 0% 
MFSALM 68 5% 46 21 1 69% 31% 176 2 28 33 1 0 4 3% 44% 52% 2% 0% 
SFSALM 26 2% 15 11 0 58% 42% 180 0 8 16 2 0 0 0% 31% 62% 8% 0% 
LOSALM 24 2% 16 8 0 67% 33% 167 2 16 5 0 0 1 9% 70% 22% 0% 0% 
UPCLWR 129 9% 73 55 1 57% 43% 171 5 81 32 7 0 4 4% 65% 26% 6% 0% 
SFCLWR 126 9% 82 42 2 66% 34% 166 19 89 12 0 0 6 16% 74% 10% 0% 0% 
LOCLWR 120 8% 64 54 2 54% 46% 169 22 79 15 0 0 4 19% 68% 13% 0% 0% 
IMNAHA 102 7% 70 30 2 70% 30% 172 10 71 18 1 0 2 10% 71% 18% 1% 0% 
GRROND 352 24% 229 119 4 66% 34% 175 38 232 66 6 0 10 11% 68% 19% 2% 0% 
LSNAKE 164 11% 89 70 5 56% 44% 173 28 107 21 2 0 6 18% 68% 13% 1% 0% 

MY2017 Total: 1,454  892 539 23 62% 38% 173 186 929 270 22 1 46 13% 66% 19% 2% 0% 
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Table 5.  Summary of Lower Granite Dam (LGR) adult Chinook Salmon samples from SY2016-SY2017 assigned to a genetic 
stock using individual assignment based on Snake River Chinook Salmon SNP baseline v3.1. Summaries of life 
history diversity information (sex, length, and ocean age) for each genetic stock are shown. MJ = minijack. 

 
       Sex Ocean (Saltwater) Age Length 
 

     Frequency Percentage Frequency Percentage Mean Length (cm FL) by 
Ocean Age 

SY Genetic 
Stock 

Total 
Assignments 

% Stock 
Composition F M U F M MJ 1 2 3 U MJ 1 2 3 MJ 1 2 3 

2016 

UPSALM 614 20% 354 254 6 58% 42% 0 12 270 232 100 0% 2% 53% 45% - 51.2 74.3 87.6 
MFSALM 448 15% 259 189 0 58% 42% 0 14 172 137 125 0% 4% 53% 42% - 53 73.6 87.7 
CHMBLN 51 2% 25 24 2 51% 49% 0 4 22 6 19 0% 12% 69% 19% - 51 74.9 83 
SFSALM 359 12% 190 167 2 53% 47% 0 14 203 100 42 0% 4% 64% 32% - 55.2 74.7 86.7 
HELLSC 1,254 41% 687 561 6 55% 45% 0 34 704 239 277 0% 3% 72% 24% - 53.7 72.5 84.5 
TUCANO 8 0% 6 2 0 75% 25% 0 0 5 1 2 0% 0% 83% 17% - - 71 85 

FALL 346 11% 183 157 6 54% 46% 5 21 79 82 159 3% 11% 42% 44% 37.6 54.3 79.5 85.7 
SY2016 Total: 3,080  1,704 1,354 22 56% 44% 5 99 1,455 797 724 0% 4% 62% 34% 37.6 53.5 73.7 86.3 

2017 

UPSALM 193 16% 105 88 0 54% 46% 0 45 69 75 4 0% 24% 37% 40% - 49.1 78.6 93.3 
MFSALM 165 13% 55 110 0 33% 67% 0 58 71 29 7 0% 37% 45% 18% - 50.1 75.4 93 
CHMBLN 28 2% 13 15 0 46% 54% 0 8 14 4 2 0% 31% 54% 15% - 52.9 75.6 89.5 
SFSALM 206 17% 82 123 1 40% 60% 0 77 95 28 6 0% 38% 48% 14% - 53.3 77.2 89.4 
HELLSC 479 39% 195 284 0 41% 59% 0 123 276 65 15 0% 27% 59% 14% - 50.4 74.3 88.8 
TUCANO 9 1% 2 7 0 22% 78% 0 3 5 0 1 0% 38% 62% 0% - 45.7 69.6 - 

FALL 147 12% 81 66 0 55% 45% 8 6 58 67 8 6% 4% 42% 48% 36.6 55.5 77.4 86.1 
SY2017 Total: 1227  533 693 1 43% 57% 8 320 588 268 43 1% 27% 50% 23% 36.6 51.0 75.7 89.9 
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Table 6.  Summary of Lower Granite Dam (LGR) juvenile Chinook Salmon samples from 
MY2016-MY2017 assigned to a genetic stock using individual assignment based 
on Snake River Chinook Salmon SNP baseline v3.1. Summaries of life history 
diversity information (sex and length) by genetic stock are shown. Freshwater 
age is not summarized because scales were not collected from juvenile Chinook 
Salmon at Lower Granite Dam. 

 
       Sex Length 
 

     Frequency Percentage 
Mean Length (mm FL)  

MY Genetic 
Stock 

Total 
Assignments 

% Stock 
Composition F M U F M 

2016 

UPSALM 206 16% 114 92 0 55% 45% 113 
MFSALM 226 17% 123 103 0 54% 46% 109 
CHMBLN 29 2% 20 9 0 69% 31% 107 
SFSALM 212 16% 92 120 0 43% 57% 110 
HELLSC 590 45% 307 283 0 52% 48% 112 
TUCANO 5 0% 3 2 0 60% 40% 117 

FALL 36 3% 23 12 1 66% 34% 122 
MY2016 Total: 1304  682 621 1 52% 48% 111 

2017 

UPSALM 295 19% 157 138 0 53% 47% 110 
MFSALM 237 15% 114 123 0 48% 52% 106 
CHMBLN 11 1% 4 7 0 36% 64% 104 
SFSALM 285 18% 148 137 0 52% 48% 106 
HELLSC 710 46% 407 302 1 57% 43% 111 
TUCANO 0 0% 0 0 0 - - - 

FALL 7 0% 4 3 0 57% 43% 119 
MY2017 Total: 1545  834 710 1 54% 46% 109 

 
 
 



32 

FIGURES
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Figure 1.  The observed bias in the estimated mixing proportions of steelhead reporting 

units due to imbalanced numbers of populations calculated using leave-one-out 
cross validation in the R package rubias. The true simulated mixture proportions 
are plotted on the x-axis and the estimated proportions are plotted on the y-axis. 
One-to-one lines are added as reference with positive bias in estimated mixture 
proportions appearing as points above the line and negative bias as points below 
the line. 
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Figure 2.  The observed bias in the estimated mixing proportions of Chinook Salmon 

reporting units due to imbalanced numbers of populations calculated using leave-
one-out cross validation in the R package rubias. The true simulated mixture 
proportions are plotted on the x-axis and the estimated proportions are plotted on 
the y-axis. One-to-one lines are added as reference with positive bias in 
estimated mixture proportions appearing as points above the line and negative 
bias as points below the line. 
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Figure 3.  The root mean squared error of the estimated mixing proportions of Snake River 

steelhead reporting units at various baseline sizes. We plot baseline size in total 
number of loci or fish on the x-axis and the root mean squared error in the 
estimated mixture proportions on the y-axis. Reporting units are color-coded as 
reported in the legend at the top of the left panel. 
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Figure 4.  The estimated mean posterior probability of assignment to an individual 

population within a reporting unit in the Snake River steelhead GSI baseline 
version 3.1. We plot the baseline size in total number of loci or fish on the x-axis 
and the mean individual posterior probability of assignment on the y-axis. 
Reporting units are color-coded as reported in the legend at the bottom of the 
right panel. 
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Figure 5.  The root mean squared error of the estimated mixing proportions of Snake River 

Chinook Salmon reporting units at various baseline sizes. We plot baseline size 
in total number of loci or fish on the x-axis and the root mean squared error in the 
estimated mixture proportions on the y-axis. Reporting units are color-coded as 
reported in the legend at the top of the right panel. 

 
 
 
 

  



38 

 
 
Figure 6.  The estimated mean posterior probability of assignment to an individual 

population within a reporting unit in the Snake River Chinook Salmon GSI 
baseline version 3.1 baseline sizes. We plot the baseline size in total number of 
loci or fish on the x-axis and the mean individual posterior probability of 
assignment on the y-axis. Reporting units are color-coded as reported in the 
legend at the bottom of the right panel. 
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INTRODUCTION 
 

Multiple statistical models have been developed to classify individuals sampled from a 
mixture to their source populations (see Pella and Masuda [2005] for a review). For genetic 
based assignments, the general process involves genotyping individuals collected directly from 
the source population and using these genotypes to estimate allele frequencies in a set number 
of baseline populations (Anderson et al. 2008). These baseline allele frequencies are then used 
to calculate the probability that a given individual’s genotype came from a sample in the 
baseline (Anderson et al. 2008). Methods are also available that allow for the assignment of 
individuals when no baseline samples have been collected (e.g., the STRUCTURE algorithm 
developed by Pritchard et al. 2000). When baseline samples are not available, samples from the 
mixture are used to estimate allele frequencies in the source populations under the assumption 
of Hardy-Weinberg Linkage Equilibrium (Pella and Masuda 2006). When baseline samples are 
available, a decision must be made as to how the allele frequencies estimated in these baseline 
samples will be handled. If conditional estimation is used, these frequencies are fixed and 
treated as being measured without error (Pella and Masuda 2005). In unconditional estimation 
the mixture sample is allowed to influence baseline allele frequencies based on the assignment 
of individuals back to a population of interest (Pella and Masuda 2005). Pella and Masuda 
(2005) state that unconditional estimation makes more use of information contained in the 
mixture sample than conditional estimation. Smouse et al. (1990) indicate that unconditional 
estimation is preferable when baseline samples are small (e.g., >100 individuals), because it is 
unlikely that the allele frequency distributions in these samples are estimated without error. 

 
The program gsi_sim (Anderson et al. 2008, Anderson 2010) is used to assign 

individuals collected at Lower Granite Dam to their stock of origin. Depending on the method 
employed in gsi_sim there are two unknown quantities that are estimated. One is the mixture 
proportions of the samples collected at Lower Granite Dam from given reporting unit. The other 
is the population of origin for an individual sample. There are three options for how gsi_sim 
estimates these quantities. Satterthwaite et al. (2014) state that Gibbs sampling is used to 
estimate the mixing proportions in the sample and the probability that an individual came from a 
specific population simultaneously using the likelihood outlined in Rannala and Mountain (1997, 
hereafter referred to as Bayesian). Alternatively, the expectation maximization (EM) algorithm 
(Dempster et al. 1977) can be used to estimate the unconditional likelihood of mixing 
proportions and individual population of origin as described by Smouse et al. (1990) and 
(Satterthwaite et al. 2014, hereafter referred to as MLE). Finally, the multinomial likelihood of the 
observed genotype arising from each population (calculated following Paetkau et al. 1995 as 
reported in Satterthwaite et al. 2014) can be scaled to sum to one with the probability of 
assignment equal to the scaled likelihood. This is the same as the frequency method employed 
by the program Geneclass (Cornuet et al. 1999, hereafter referred to as Geneclass).  

 
In addition to estimating the mixture proportions and individual assignments at the 

population level, gsi_sim also estimates these quantities for user specified reporting units. 
These reporting units are groups of populations specified by the user. To calculate the 
probability of membership to a reporting unit, individual population estimates are first calculated 
and then summed (allocate-sum procedure; Wood et al. 1987). Anderson et al. (2008) found 
higher accuracy for estimating reporting unit contributions than individual population 
contributions when increased divergence is available between reporting units. For example, if 
populations in the South Fork Clearwater River are more similar to each other than to 
populations from other watersheds there is increased accuracy by grouping these populations 
into a single reporting unit. 
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In this appendix, we investigate the accuracy and precision of individual reporting unit 
assignments and genetic stock mixture proportions estimated using the different methods 
available in the program gsi_sim. 

 
METHODS 

 
Prior to spawn and migration year 2017, GSI assignments were made based on the 

probability of reporting unit membership calculated from the Geneclass method. We tested for 
differences in the assignment of individuals from our baseline collections due to assignment 
methods provided by gsi_sim (Anderson et al. 2008, Anderson et al. 2010) for both the 
steelhead baseline version 3.1 and Chinook Salmon baseline version 3.1. We initially randomly 
removed 40% of the individuals from each baseline population (62 populations in the steelhead 
baseline, and 40 populations in the Chinook Salmon baseline). We then randomly sampled 
individuals from the removed populations in proportion to their reporting unit’s contribution to the 
average mixture observed passing LGR SY2013–SY2015. Thus, we built mixtures from the 
removed individuals that mimicked the average mixture observed during the previous three 
spawning migrations of adult steelhead and Chinook Salmon. We assigned these mixtures of 
individuals back to the reduced baseline with the Bayesian, MLE, or Geneclass methods in 
gsi_sim. For the Bayesian assignments, three individual chains were run for 300,000 total 
iterations, discarding the first 50,000 iterations. Convergence was assessed by visual inspection 
of the posterior distributions and trace plots of the mixture proportions in the sample (π), as well 
as calculating the Gelman-Rubin statistic (Gelman and Rubin [1992] as presented in Gelman et 
al. 2004), and effective number of draws (Gelman et al. 2004) for this parameter. We calculated 
cluster membership both proportional to the probability of membership in a reporting unit and 
based on the maximum probability of membership rule currently employed. We then repeated 
this test 99 more times, resulting in 100 random samples from the baseline. 

 
We assessed assignment accuracy four ways. First, we calculated bias in the estimated 

mixing proportions. We also assessed accuracy of the estimated mixing proportions by 
calculating the mean squared error (MSE) of the estimates of the mixing proportions across 
simulations. Bias and MSE were calculated for all individual assignment methods, as well as for 
the mixing proportions estimated from the mixture model step in both the Bayesian and 
unconditional MLE methods. We also assessed the goodness-of-fit of estimated mixing 
proportions using Χ2 tests for all individual assignment methods. Finally, we calculated the 
proportion of samples that self-assigned to the correct reporting unit under each individual 
assignment method. 

 
RESULTS 

 
Individual assignment probabilities within baseline populations were consistent between 

all methods (Table A1), but the maximum individual assignment method did produce slightly 
higher self-assignment rates in both Chinook Salmon and steelhead (Table A1). The MLE 
method had the highest self-assignment rates of all three methods (Table A1). However, 
proportional estimation often resulted in less biased (Figures A1 and A2), more accurate 
(Figures A3 and A4) estimates of the true proportion of fish from each reporting unit in both 
Chinook Salmon and steelhead. In general proportional estimation also produced less divergent 
estimates of the overall mixture proportions (Table A2). This was not the case for the Geneclass 
method in either Chinook Salmon or steelhead (Table A2). However, proportional estimation 
was the only method that did not produce a single divergent estimate of the mixture proportions 
(Table A2). 
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Assignment probabilities within baseline populations were similar among all methods for 
steelhead (Table A3). In general the assignment of individuals was increased in the Grand 
Ronde River and lower Snake River reporting units when using the Bayesian and MLE 
estimates, but was reduced in the lower Salmon River, lower Clearwater River, and Imnaha 
River reporting units (Table A3). 

 
Assignment probabilities within baseline populations were also similar among all 

methods for Chinook Salmon (Table A4). The assignment of individuals was increased in the 
Hells Canyon reporting unit when using the Bayesian and MLE estimates, but was reduced in 
the upper Salmon River, Chamberlain Creek, and Tucannon River reporting units (Table A4). 
No spring/summer Chinook Salmon were assigned to the fall reporting unit, and no fall Chinook 
Salmon were assigned to a spring/summer reporting unit regardless of estimation method. 

 
 

DISCUSSION 
 

We observed that all methods used in the gsi_sim program appropriately characterize 
the underlying mixture proportions over Lower Granite Dam. The Bayesian and MLE estimators 
assigned samples from reporting units with low differentiation and high stock composition 
proportions with higher fidelity (e.g., Grande Ronde River steelhead and Hells Canyon Chinook 
Salmon). Estimating mixture proportions was improved by using proportional allocation of 
individuals. Beginning in spawn and migration year 2017 we will individually assign genetic 
stock using the full MLE method of Smouse et al. (1990) as implemented in gsi_sim (Anderson 
et al. 2008; Anderson 2010). Going forward we will also explore methods for incorporating 
proportional allocation into abundance estimation. 
 
 
Table A1.  The weighted average proportion of Chinook Salmon and steelhead baseline 

samples assigned to their reporting unit using a given method. 
 

    CHNK STHD 
Maximum 
Individual 
Assignment 

Bayesian 0.859 0.685 
MLE 0.859 0.686 
Geneclass 0.854 0.682 

Proportional 
Individual 
Assignment 

Bayesian 0.818 0.630 
MLE 0.819 0.632 
Geneclass 0.809 0.627 

 
Table A2.  The proportion of simulations with estimated Chinook Salmon and steelhead 

mixture proportions statistically different (α=0.05) from the true simulated value. 
 

    CHNK STHD 
Maximum 
Individual 
Assignment 

Bayesian 0.06 0.17 
MLE 0.06 0.13 
Geneclass 0.08 0.04 

Proportional 
Individual 
Assignment 

Bayesian 0.00 0.11 
MLE 0.00 0.12 
Geneclass 0.16 0.11 
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Table A3.  The proportion of steelhead baseline samples assigned to their reporting unit 
using a given method. Cells are color-coded with warmer colors (red) indicating 
higher self-assignment rates and cooler colors (blue) indicating lower rates. 

 
Reporting 
Unit Collection n 

Maximum Individual Assignment Proportional Individual Assignment 
Bayesian MLE Geneclass Bayesian MLE Geneclass 

UPSALM 

Sawtooth Weir 2784 0.802 0.801 0.739 0.714 0.712 0.643 
Valley Cr. 2445 0.752 0.753 0.710 0.671 0.671 0.612 
WF Yankee Fork 3071 0.781 0.778 0.715 0.685 0.683 0.615 
Herd Cr. 2200 0.700 0.698 0.708 0.658 0.660 0.667 
Morgan Cr. 1600 0.749 0.753 0.820 0.686 0.693 0.749 
Pahsimeroi R. 2600 0.740 0.747 0.767 0.672 0.676 0.691 
Lemhi R. 2300 0.738 0.743 0.775 0.655 0.659 0.690 
NF Salmon R. 2600 0.530 0.542 0.543 0.466 0.473 0.475 

MFSALM 

Capehorn/Marsh Cr. 1500 0.748 0.751 0.797 0.726 0.728 0.770 
Elk/Bear Valley Cr. 1300 0.963 0.963 0.968 0.951 0.951 0.962 
Sulphur Cr. 691 0.942 0.939 0.952 0.907 0.906 0.923 
Rapid R. (MF Salmon) 563 0.863 0.865 0.885 0.840 0.841 0.863 
Pistol Cr. 446 0.814 0.812 0.830 0.792 0.792 0.823 
Loon Cr. 1000 0.920 0.922 0.943 0.891 0.895 0.923 
Camas Cr. 800 0.928 0.931 0.960 0.901 0.907 0.941 
upper Big Cr. 665 0.971 0.971 0.979 0.948 0.948 0.963 
lower Big Cr. 1035 0.831 0.832 0.855 0.784 0.785 0.816 
Chamberlain Cr. 1400 0.829 0.830 0.864 0.797 0.799 0.838 

SFSALM 

upper Salmon R. mainstem 600 0.867 0.872 0.915 0.843 0.850 0.888 
Johnson Cr. 1207 0.881 0.881 0.891 0.835 0.837 0.857 
EF SF Salmon R. 593 0.933 0.933 0.943 0.901 0.902 0.919 
Lake Cr. 674 1.000 1.000 1.000 0.988 0.988 0.984 
Lick Cr. 832 0.851 0.849 0.861 0.770 0.771 0.791 
Secesh R. 1194 0.903 0.903 0.907 0.871 0.871 0.875 

LOSALM Boulder Cr./Rapid R. 2800 0.522 0.524 0.542 0.471 0.474 0.493 
Slate Cr. 1400 0.191 0.248 0.390 0.186 0.230 0.347 

UPCLWR 

upper Lochsa R. 1200 0.933 0.936 0.948 0.925 0.926 0.938 
Lake Cr. (Lochsa R.) 434 0.979 0.979 0.986 0.960 0.961 0.974 
Fish Cr. 966 0.914 0.916 0.916 0.900 0.901 0.908 
upper Selway R. 1268 0.973 0.973 0.976 0.964 0.965 0.968 
Whitecap Cr. 1032 0.984 0.982 0.981 0.967 0.967 0.968 
Bear Cr. (Selway R.) 700 0.970 0.971 0.981 0.960 0.962 0.971 
middle Selway R. 1300 0.942 0.942 0.947 0.912 0.914 0.927 
Three Links Cr. 773 0.996 0.996 0.992 0.990 0.990 0.988 
Gedney Cr. 464 0.905 0.901 0.894 0.858 0.857 0.865 
Ohara Cr. 763 0.696 0.695 0.710 0.640 0.642 0.660 

SFCLWR 

Crooked R. 2400 0.912 0.911 0.910 0.883 0.883 0.884 
Newsome Cr. 1800 0.902 0.900 0.927 0.878 0.879 0.901 
Tenmile Cr. (Clearwater R.) 900 0.674 0.679 0.733 0.666 0.669 0.724 
Clear Cr. 800 0.709 0.711 0.746 0.683 0.689 0.729 
Lolo Cr. 1700 0.846 0.847 0.872 0.817 0.817 0.845 

LOCLWR 

WF Potlatch R. 1600 0.710 0.714 0.699 0.635 0.642 0.647 
EF Potlatch R. 3000 0.727 0.730 0.743 0.674 0.678 0.692 
Little Bear Cr. 2880 0.657 0.659 0.664 0.592 0.594 0.591 
Big Bear Cr. 1820 0.586 0.584 0.595 0.535 0.536 0.539 
Lapwai R. 3000 0.453 0.460 0.528 0.407 0.412 0.472 

IMNAHA 

Gumboot/Mahogany Cr. 2000 0.538 0.553 0.631 0.482 0.496 0.566 
Little Sheep Cr. 3334 0.781 0.781 0.757 0.689 0.689 0.660 
Big Sheep Cr. 3366 0.589 0.594 0.598 0.518 0.521 0.516 
Lightning Cr. 1500 0.310 0.347 0.458 0.295 0.329 0.427 

GRROND 

upper Grande Ronde R. 2617 0.587 0.586 0.538 0.505 0.501 0.452 
Catherine Cr. 3683 0.596 0.589 0.549 0.518 0.514 0.471 
Little Minam R. 2000 0.690 0.688 0.710 0.649 0.647 0.671 
Wallowa R. 2968 0.564 0.555 0.514 0.492 0.488 0.454 
Lostine R. 1832 0.774 0.771 0.772 0.686 0.683 0.678 
Wenaha R. 7700 0.708 0.701 0.635 0.616 0.611 0.547 
Menatchee Cr. 3000 0.654 0.646 0.663 0.583 0.580 0.586 
Elk Cr. (Joseph Cr.) 1824 0.884 0.879 0.874 0.812 0.810 0.805 
Joseph Cr. 2176 0.558 0.549 0.509 0.494 0.489 0.456 
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Table A3.  Continued 
 

Reporting 
Unit Collection n 

Maximum Individual Assignment Proportional Individual Assignment 
Bayesian MLE Geneclass Bayesian MLE Geneclass 

LSNAKE 
Asotin Cr. 6900 0.422 0.424 0.370 0.385 0.385 0.336 
Alpowa Cr. 3500 0.463 0.470 0.436 0.415 0.420 0.387 
Tucannon R. 3800 0.398 0.402 0.350 0.372 0.374 0.336 

 
 
 
Table A4.  The proportion of Chinook Salmon baseline samples assigned to their reporting 

unit using a given method. Cells are color-coded with warmer colors (red) 
indicating higher self-assignment rates and cooler colors (blue) indicating lower 
rates. 

 
Reporting 
Unit Collection n 

Maximum Individual Assignment Proportional Individual Assignment 
Bayesian MLE Geneclass Bayesian MLE Geneclass 

UPSALM 

Sawtooth Weir 5100 0.812 0.811 0.817 0.740 0.741 0.751 
Valley Cr. 2800 0.875 0.876 0.888 0.829 0.830 0.840 
WF Yankee Fork 2100 0.901 0.901 0.930 0.851 0.852 0.884 
upper Salmon R. mainstem 2300 0.919 0.919 0.917 0.850 0.852 0.851 
Herd Cr. 2701 0.924 0.924 0.912 0.874 0.874 0.856 
EF Salmon R. 5199 0.887 0.887 0.880 0.831 0.831 0.817 
Pahsimeroi R. 2600 0.876 0.876 0.903 0.826 0.827 0.859 
upper Lemhi R. 2700 0.739 0.739 0.784 0.714 0.714 0.751 
NF Salmon R. 1600 0.569 0.579 0.738 0.522 0.534 0.667 

MFSALM 

Marsh Cr. 3233 0.769 0.770 0.780 0.729 0.729 0.727 
Capehorn Cr. 3167 0.950 0.949 0.941 0.903 0.903 0.890 
Elk Cr. 3843 0.884 0.884 0.884 0.851 0.851 0.848 
Bear Valley Cr. 2257 0.899 0.899 0.896 0.837 0.837 0.832 
Sulphur Cr. 3800 0.967 0.966 0.971 0.936 0.937 0.938 
Loon Cr. 2700 0.828 0.829 0.849 0.771 0.773 0.807 
Camas Cr. 3000 0.852 0.852 0.878 0.800 0.801 0.832 
upper Big Cr. 1600 0.822 0.825 0.859 0.777 0.780 0.815 
lower Big Cr. 3900 0.727 0.726 0.742 0.675 0.675 0.691 

CHMBLN Chamberlain Cr. (pre-2008) 1250 0.726 0.724 0.730 0.694 0.694 0.704 
Chamberlain Cr. (post-2008) 2650 0.887 0.886 0.897 0.875 0.876 0.883 

SFSALM 

Summit/Lake Cr. 3980 0.878 0.878 0.876 0.845 0.846 0.832 
Secesh R. 4320 0.836 0.836 0.815 0.790 0.791 0.768 
Johnson Cr. 4500 0.746 0.746 0.765 0.707 0.708 0.721 
SF Salmon R. mainstem 4600 0.502 0.503 0.502 0.461 0.463 0.459 

HELLSC 

Rapid R. 3700 0.934 0.935 0.916 0.901 0.902 0.880 
Crooked Fork Cr. 1146 0.853 0.855 0.810 0.820 0.821 0.784 
Powell Weir 1254 0.754 0.758 0.728 0.707 0.712 0.671 
Red R. 2917 0.891 0.892 0.864 0.863 0.864 0.825 
Crooked R. Weir 2689 0.904 0.905 0.896 0.867 0.868 0.844 
Newsome Cr. 3294 0.934 0.934 0.908 0.898 0.898 0.872 
Lolo Cr. 3600 0.863 0.864 0.838 0.829 0.830 0.798 
Imnaha R. (2008, 2010) 3900 0.821 0.822 0.789 0.760 0.762 0.729 
upper Grande Ronde R. 1710 0.865 0.863 0.782 0.810 0.809 0.738 
Catherine Cr. 5590 0.892 0.893 0.868 0.861 0.861 0.825 
Minam R. 5300 0.957 0.957 0.926 0.910 0.910 0.865 
Wallowa R. 1488 0.909 0.909 0.890 0.895 0.894 0.861 
Lostine R. 7012 0.938 0.937 0.912 0.902 0.903 0.866 
Wenaha R. 7000 0.932 0.932 0.896 0.903 0.902 0.857 

TUCANO Tucannon R. 900 0.762 0.764 0.820 0.746 0.749 0.813 
FALL Fall 3600 1.000 1.000 1.000 1.000 1.000 1.000 
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Figure A1.  The observed bias in the estimated mixing proportions of steelhead reporting units from self-assignment tests using a 

given assignment method. 
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Figure A2.  The observed bias in the estimated mixing proportions of Chinook Salmon reporting units from self-assignment tests 

using a given assignment method. 
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Figure A3.  The mean squared error (MSE) of the estimated mixing proportions of steelhead reporting units from self-assignment 

tests using a given assignment method. 
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Figure A4.  The mean squared error (MSE) of the estimated mixing proportions of Chinook Salmon reporting units from self-

assignment tests using a given assignment method. 
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INTRODUCTION 
 

The Chamberlain Creek drainage comprises the largest spawning area of the lowermost 
population of Chinook Salmon in the Middle Fork Salmon River MPG. Chinook Salmon in the 
Chamberlain Creek drainage are genetically distinct from other populations in the Snake River 
basin (Ackerman et al. 2012). Viability criteria for the Middle Fork Salmon River MPG specify 
that Chamberlain Creek needs to be viable because of its geographic position and genetic 
differentiation (ICTRT 2007). The Chamberlain Creek population has been the most robust 
population of Chinook Salmon in the Middle Fork Salmon MPG since listing (see Table 21 in 
Ford et al. 2011), with estimates of population abundance derived from the spring/summer 
Chinook Salmon GSI stock composition at LGD exceeding the Interior Columbia Basin 
Technical Recovery Team (ICTRT) minimum threshold abundance of 500 adults during 2009-
2014 (Camacho et al. 2017).  

 
Despite these robust abundance estimates relative to other populations in the Middle 

Fork Salmon River MPG, high levels of uncertainty exist in the current estimates of productivity 
(ICTRT 2010). One factor identified as contributing to this uncertainty was that redd counts 
occurred in index reaches covering a small portion, or 9%, of the total weighted spawning 
habitat in the watershed (ICTRT 2010). To address this uncertainty, IDFG initiated additional 
spawning ground survey data collection efforts during 2013-2015 (Stiefel et al. 2016). The 
primary goal of this effort was to validate the current redd count expansion method that uses 
single-pass index transects established in 1957. Results showed that the standard index survey 
expansions were very similar to the extended survey expansions (Brown 2016). However, in 
2014 and 2015 GSI estimates of spawner abundance at LGD were approximately half the size 
of the redd count expansions (Brown 2016). This discrepancy in the abundance of Chinook 
Salmon in Chamberlain Creek brought into question the accuracy of individual assignments to 
the Chamberlain Creek reporting unit in the Chinook Salmon Snake River GSI SNP baseline 
v3.1.  

 
In this appendix, we test the accuracy of individual genetic stock assignments of juvenile 

and adult Chinook Salmon sampled directly from the Chamberlain Creek watershed. We also 
estimate the genetic divergence between collections used in the Chinook Salmon Snake River 
SNP GSI baseline v3.1 and recently sampled juvenile and adult collections. These tests are 
undertaken to investigate whether our baseline is representative of individual Chinook Salmon 
rearing in, or returning to, the Chamberlain Creek watershed. 

 
 

METHODS 
 

We genotyped 319 individual Chinook Salmon collected between 2013 and 2016 in the 
Chamberlain Creek drainage at 298 SNP loci (Table B1, Powell et al. 2017). Genotyping was 
performed using the GT-seq platform (Campbell et al. 2015) on an Illumina NextSeq 500 DNA 
sequencer (Illumina, San Diego, California). Prior to analysis, individual genotypes were 
trimmed to the 173 SNP loci used in the construction of the Chinook Salmon Snake River GSI 
baseline version 3.1 (Vu et al. 2015). Unless otherwise stated, analyses were completed in R 
version 3.4.1 (R Core Team 2017).  

 
When testing population differentiation with allele frequency based statistics, sampling 

sites can falsely exhibit significant genetic differentiation when large numbers of related 
juveniles have been inadvertently sampled (Allendorf and Phelps 1981). This increased Type I 
error rate has been observed in salmonid studies and has been termed the Allendorf-Phelps 
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effect (sensu Waples 1998). To avoid a positive bias in our estimates of population differential 
we initially assigned individuals in the 2016 juvenile collections from the Chamberlain Creek 
drainage to full sibling families using the program Colony version 2.0.6.2 (Jones and Wang 
2010). These assignments assumed polygamous mating systems for both males and females. 
Full sibling families were subsequently thinned to a single individual for calculation of observed 
and expected heterozygosity, the percent of loci that were polymorphic in a sample, tests for 
Hardy-Weinberg equilibrium, and estimation of FST with Weir and Cockerham’s θ (Weir and 
Cockerham 1984). We randomly sampled a single individual from each family group one 
thousand times, and used the mean of the distribution of estimated parameter values for 
analyses. 

 
We tested for Hardy-Weinberg equilibrium and calculated single locus FIS values using 

the R package HardyWeinberg version 1.5.6 (Graffelman and Morales-Camarena 2008; 
Graffelman 2015). Statistical significance was calculated following a within population false 
discovery rate correction of Benjamini and Yekutieli (2001) as described in Narum (2006) for 
173 simultaneous tests. We used the R package hierfstat version 0.04-22 (Goudet and Jombart 
2015) to estimate FST with Weir and Cockerham’s θ (Weir and Cockerham 1984) for our four 
collections of interest and all pairs of populations in Chamberlain Creek, Middle Fork Salmon 
River, and South Fork Salmon River reporting units in the Chinook Salmon Snake River GSI 
baseline v3.1. 

 
We tested the assignment of individuals to the Chinook Salmon Snake River SNP GSI 

baseline v3.1 using the program gsi_sim (Anderson et al. 2008; Anderson 2010). To perform 
this test we assigned all collections to the baseline in isolation. Next, assignments were made 
by adding the collection of interest to the SY2016 sample of natural-origin Chinook Salmon 
sampled at Lower Granite Dam. The assignments including the larger mixture of adults passing 
Lower Granite Dam were completed to investigate whether success was affected by including 
individuals in a larger mixture of natural-origin fish. All assignments were made using the full 
expectation-maximization algorithm maximum likelihood estimates of Smouse et al. (1990). 

 
We used two other methods of genetic clustering to assess the relationship between 

individuals from the four collections of interest and baseline populations from Chamberlain 
Creek, the Middle Fork Salmon River, and the South Fork Salmon River. First, Individuals were 
clustered using discriminate analysis of principle components (Jombart et al. 2008) using the R 
package adegenet version 1.3-1 (Jombart 2008; Jombart and Ahmed 2011). We used a-score 
optimization to determine that the first 64 principle components should be retained in the final 
analysis. Next, we assigned portions of each individual’s genome to Hardy-Weinberg linkage 
equilibrium populations using the program Admixture version 1.3 (Alexander et al. 2009).  

 
A neighbor-joining (NJ) tree was constructed with the four Chamberlain Creek drainage 

collections and the Chinook Salmon Snake River GSI baseline version 3.1. This NJ tree was 
based on pairwise Cavalli-Sforza Edwards chord distances (Cavalla-Sforza and Edwards 1967) 
calculated using GENDIST (PHYLIP v3,5; Felsenstein 1993). Pairwise genetic distances were 
used to construct NJ trees in NEIGHBOR (PHYLIP v3.5). NJ trees were visualized using 
FigTree v1.4.0 (Rambaut 2012, available at: http://tree.bio.ed.ac.uk/software/figtree/), with 
bootstrap values added in Microsoft PowerPoint (Microsoft Corporation, Redmond, 
Washington). 

 
 
 
 

http://tree.bio.ed.ac.uk/software/figtree/
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RESULTS 
 

Juvenile samples collected in Chamberlain Creek in 2016 contained 18 full sibling 
families ranging in size from 2 to 9 members. Fifty-one of 98 genotyped individuals were 
assigned to a full sibling family group, and the estimated effective number of breeders that gave 
rise to this sample was 46 individuals (95% confidence interval from 32 to 71 individuals). 
Juveniles collected in West Fork Chamberlain Creek in 2016 were assigned to 11 full sibling 
family groups ranging in size from 2 to 23 members. Sixty of 87 genotyped individuals in this 
collection were assigned to a family group, and the estimated effective number of breeders that 
gave rise to this sample was 8 individuals (95% confidence interval from 4 to 24 individuals). 

 
Nine loci were out of Hardy-Weinberg equilibrium following a within population false 

discovery rate correction in at least one of the four collections from Chamberlain Creek. The 
locus Ots_MHC1 exhibited an excess of homozygotes in three of four sample collections. No 
other locus exhibited a departure from Hardy-Weinberg equilibrium in more than one collection. 
We observed that an excess of homozygotes was responsible for all six loci out of Hardy-
Weinberg equilibrium in West Fork Chamberlain Creek. This pattern of excess homozygosity is 
not unexpected given the small number of effective breeders that was estimated to give rise to 
this sample collection. 

 
We observed similar levels of observed heterozygosity, expected heterozygosity, and 

the percent of loci that are polymorphic among the study collections from Chamberlain Creek 
and the Chamberlain Creek populations included in the Chinook Salmon Snake River GSI 
baseline version 3.1 (Table B2). West Fork Chamberlain Creek exhibited reduced genetic 
variation relative to other collections in the Chamberlain Creek Basin (Table B2), which is not 
unexpected given the small estimated number of effective breeders. 

 
We observed less genetic differentiation among populations in the Chamberlain Creek 

drainage than among populations in the Middle Fork Salmon River or South Fork Salmon River 
drainages (Table B3). Except for the sample from West Fork Chamberlain Creek, little genetic 
divergence was observed among collections in the Chamberlain Creek drainage (Table B4). 

 
Individuals from recent collections in the Chamberlain Creek drainage assigned with 

high fidelity to the Chamberlain Creek reporting unit both when tested as a single collection 
(Table B5) and as part of a larger mixture of fish migrating over Lower Granite Dam (Table B6). 

 
A discriminant analysis of principle components indicated the presence of four genetic 

clusters in Chinook Salmon from Chamberlain Creek, the Middle Fork Salmon River, and the 
South Fork Salmon River drainages. These four genetic clusters grouped samples from the 
Chamberlain Creek drainage, the South Fork Salmon River drainage, the Middle Fork Salmon 
River drainage above Loon Creek, and the Middle Fork Salmon River drainage below Loon 
Creek (Figure B1). 

 
An Admixture analysis indicated the presence of two ancestral populations of Chinook 

Salmon from the Chamberlain Creek, Middle Fork Salmon River, and the South Fork Salmon 
River drainages. These two clusters separated individuals from the Chamberlain Creek 
drainage from individuals sampled in the South Fork and Middle Fork Salmon River drainages 
(Figure B2). 
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A phylogenetic analysis indicated that all individuals sampled from the Chamberlain 
Creek drainage represent a monophyletic clade (Figure B3). However, this clade forms a 
polytomy with populations from the South Fork Salmon River drainage (Figure B3). 
 

We also did not observe bias in the estimated mixture proportions from Chamberlain 
Creek (Figure 2) at returns commonly observed passing Lower Granite Dam between SY2009 
and SY2015 (2%-4.6%; Ackerman et al. 2012, 2014, 2016; Vu et al. 2015, Powell et al. 2017). 

 
 

DISCUSSION 
 

Analyses indicated that the Chamberlain Creek reporting unit in the Chinook Salmon 
Snake River GSI baseline v3.1 is faithfully assigning current collections of individuals. The only 
discrepancy that was apparent from this analysis was that not all juveniles or carcasses 
collected in the Chamberlain Creek drainage assigned to that reporting unit when these 
samples were included with the SY2016 returns to Lower Granite Dam. However, leave-one-out 
cross validation tests implemented in the R package rubias (E. Anderson unpublished, available 
at: https://github.com/eriqande/rubias) indicate that overall the estimated proportion of fish 
originating from the Chamberlain Creek drainage is unbiased in these samples (Figure 2).  

 
While there appears to be divergence within the Chamberlain Creek drainage (Table 

B4), this is based on a single sample of juveniles that were likely produced from a small number 
of parents. Therefore, more sampling from West Fork Chamberlain Creek would be necessary 
before we can conclusively decide to split Chamberlain Creek and West Fork Chamberlain 
Creek into two populations in a future version of the Chinook Salmon Snake River GSI baseline. 
 
 
 

  

https://github.com/eriqande/rubias
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Table B1.  Summary of carcass and juvenile Chinook Salmon sampled from Chamberlain 
Creek and West Fork Chamberlain Creek. Summary includes the number of 
samples inventoried in the lab, the number inventoried that were queued for 
genotyping. Of queued samples, we report the number that genotyped 
successfully and the number that failed genotyping. 

 

 Sample Group 
Total 

Samples 
Inventoried 

Samples 
Queued for 
Genotyping 

Failed 
Genotyping 

(NG) 
Successfully 
Genotyped 

2013 Chamberlain Cr. carcasses 54 46 11 (23.9%) 35 (76.1%) 
2014 Chamberlain Cr. carcasses 74 73 41 (56.2%) 32 (43.8%) 
2016 Chamberlain Cr. juveniles 100 100 2 (2%) 98 (98%) 
2016 WF Chamberlain Cr. juveniles 100 100 13 (13%) 87 (87%) 
TOTAL: 328 319 67 (21%) 252 (79%) 

 
 
 
Table B2.  Observed heterozygosity, expected heterozygosity and the percent of 

polymorphic loci in carcass and juvenile Chinook Salmon sampled from 
Chamberlain Creek and West Fork Chamberlain Creek relative to Chinook 
Salmon Snake River GSI baseline version 3.1 collections. 

 
Sample Group HO HE Polymorphic Loci  
Chamberlain Cr. pre-2008* 0.210 0.208 76.9% 
Chamberlain Cr. post-2008* 0.200 0.203 84.4% 
2013 Chamberlain Cr. carcasses 0.209 0.198 74.6% 
2014 Chamberlain Cr. carcasses 0.200 0.199 74.0% 
2016 Chamberlain Cr. juveniles 0.205 0.204 78.8% 
2016 WF Chamberlain Cr. juveniles 0.198 0.195 72.2% 
* Populations in the Chinook Salmon Snake River GSI baseline version 3.1 

 
 
 
Table B3.  Average pairwise FST among populations within and between reporting units in 

the Chinook Salmon Snake River GSI baseline version 3.1. All carcass and 
juvenile samples collected in Chamberlain Creek and West Fork Chamberlain 
Creek were included in the Chamberlain Creek reporting unit. 

 
 CHMBLN SFSALM MFSALM 

CHMBLN 0.013   
SFSALM 0.043 0.015  
MFSALM 0.053 0.028 0.021 

 
 
 
 
 

  



55 

Table B4.  Pairwise values of Weir and Cockerham’s θ among populations within the 
Chamberlain Creek reporting unit in the Chinook Salmon Snake River GSI 
baseline version 3.1 and carcass and juvenile samples collected in Chamberlain 
Creek and West Fork Chamberlain Creek. 

 
  Baseline 

pre-08 
Baseline 
post-08 

2013 
Carcass 

2014 
Carcass 

2016 
Juveniles 

2016 WF 
Juveniles 

Baseline pre-08 -      Baseline post-08 0.009 -     
2013 Carcass 0.004 0.004 -    
2014 Carcass 0.014 0.010 0.008 -   2016 Juveniles 0.010 0.009 0.005 0.010 -  2016 WF Juveniles 0.023 0.023 0.022 0.024 0.024 - 

 
 
 
Table B5.  Proportion of carcass and juvenile samples collected in Chamberlain Creek and 

West Fork Chamberlain Creek that assigned to given reporting units in the 
Chinook Salmon Snake River GSI baseline version 3.1. 

 
Sample Group UPSALM MFSALM CHMBLN SFSALM HELLSC TUCANO FALL 
2013 Chamberlain Cr. carcasses 0.029 0.000 0.914 0.057 0.000 0.000 0.000 
2014 Chamberlain Cr. carcasses 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
2016 Chamberlain Cr. juveniles 0.000 0.000 0.969 0.000 0.031 0.000 0.000 
2016 WF Chamberlain Cr. juveniles 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
TOTAL: 0.004 0.000 0.976 0.008 0.012 0.000 0.000 

 
 
 
Table B6.  Proportion of carcass and juvenile samples collected in Chamberlain Creek and 

West Fork Chamberlain Creek that assigned to given reporting units in the 
Chinook Salmon Snake River GSI baseline version 3.1 when included with all 
SY2016 returning natural-origin Chinook Salmon at Lower Granite Dam. 

 
Sample Group UPSALM MFSALM CHMBLN SFSALM HELLSC TUCANO FALL 
2013 Chamberlain Cr. carcasses 0.086 0.000 0.857 0.000 0.057 0.000 0.000 
2014 Chamberlain Cr. carcasses 0.000 0.000 0.938 0.031 0.031 0.000 0.000 
2016 Chamberlain Cr. juveniles 0.010 0.010 0.878 0.020 0.082 0.000 0.000 
2016 WF Chamberlain Cr. juveniles 0.000 0.000 0.966 0.034 0.000 0.000 0.000 

TOTAL: 0.016 0.004 0.913 0.024 0.044 0.000 0.000 
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Figure B1. Bar charts of individual membership probability to the four genetic clusters identified in a discriminant analysis of 

principal components. Each individual is plotted as a single vertical line, and each genetic cluster is color-coded. 
Individuals are grouped by either 1) their sample date and location in the Chamberlain Creek drainage, or 2) their 
inclusion in a population in the Chinook Salmon Snake River GSI baseline v3.1. Individuals have been sorted based 
on cluster membership probability. Clusters generally separated individuals sampled from the South Fork Salmon 
River drainage (blue), the Chamberlain Creek drainage (purple), the upper Middle Fork Salmon River drainage 
(orange), and the lower Middle Fork Salmon River drainage (yellow). 
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Figure B2. Bar charts of the proportion of an individual’s genome that came from the two Hardy-Weinberg linkage equilibrium 

genetic clusters identified in the program Admixture. Each individual is plotted as a single vertical line, and each 
genetic cluster is color-coded. Individuals are grouped by their sample date and location in the Chamberlain Creek 
drainage, or their inclusion in a population in the Chinook Salmon Snake River GSI baseline v3.1. Individuals have 
been sorted based on proportion admixture, with clusters generally separating individuals sampled in the South and 
Middle Fork Salmon River drainages (black) from individuals sampled in the Chamberlain Creek drainage (gray).  
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Figure B3. Neighbor-joining (NJ) Tree based on Cavalli-Sforza Edwards chord distance for Chinook Salmon Snake River GSI 

baseline v3.1 collections and fish collected in the Chamberlain Creek drainage. GSI reporting units are color-coded.
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