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ABSTRACT: An international multi-laboratory project was conducted to develop a standardized DNA database for Chinook
salmon (Oncorhynchus tshawytscha). This project was in response to the needs of the Chinook Technical Committee of the Pacific
Salmon Commission to identify stock composition of Chinook salmon caught in fisheries during their oceanic migrations. Nine
genetics laboratories identified 13 microsatellite loci that could be reproducibly assayed in each of the laboratories. To test that
the loci were reproducible among laboratories, blind tests were conducted to verify scoring consistency for the nearly 500 total
alleles. Once standardized, a dataset of over 16,000 Chinook salmon representing 110 putative populations was constructed
ranging throughout the area of interest of the Pacific Salmon Commission from Southeast Alaska to the Sacramento River
in California. The dataset differentiates the major known genetic lineages of Chinook salmon and provides a tool for genetic
stock identification of samples collected from mixed fisheries. A diverse group of scientists representing the disciplines of fishery
management, genetics, fishery administration, population dynamics, and sampling theory are now developing recommendations
for the integration of these genetic data into ocean salmon management.

Desarrollo de una base de datos estandarizada
de DNA para el salmén rey

RESUMEN: Se realizé un proyecto internacional con la participacién de diversos laboratorios con la finalidad de desarrollar
una base de datos estandarizada de DNA para el salmén rey (Oncorhynchus tshawytscha). Dicho proyecto surgié como respuesta a
las necesidades del Comité Técnico Chinook de la Comisién del Salmén del Pacifico para identificar la composicién poblacional
del salmén rey que es capturado por la pesquerfa durante su migracién. Un total de nueve laboratorios de anilisis genéticos
identificaron y reprodujeron cada uno 13 loci microsatélites. Con el objeto de probar que dichos loci fueran reproducibles
entre laboratorios, se condujeron pruebas anénimas para verificar la consistencia de casi 500 alelos. Una vez estandarizada, se
construyd una base de datos construida con informacién proveniente de mas de 16,000 salmones que representan 110 poblaciones
putativas distribuidas a lo largo del drea de interés de la Comisién del Salmén del Pacifico, del sureste de Alaska hasta el Rio
Sacramento, California. La base de datos sirve tanto para identificar genéticamente los distintos stocks de salmén rey a partir
de muestras combinadas provenientes de la pesquerfa como para diferenciar el linaje genético conocido mds importante de esta
especie. En la actualidad, un importante grupo de cientificos especializados en disciplinas como el manejo y administracién de
pesquerias, genética, dindmica poblacional y teorfa del muestreo estdn desarrollando recomendaciones para que esta base de

datos genéticos se incorpore en el manejo del salmén.

INTRODUCTION

The Pacific Salmon Treaty was ratified
between the United States and Canada in
1985, renegotiated in 1999, and extended
to the Yukon River in 2002. Through the
treaty, the two nations agreed to cooper-
ate in the management, research, and
enhancement of Pacific salmon. Pacific
salmon migrate long distances during their
marine period and are routinely inter-
cepted in fisheries beyond the jurisdiction
of the government in whose waters they
spawn. The Pacific Salmon Treaty, through
the Pacific Salmon Commission (PSC),
serves as a means to coordinate manage-
ment of the salmon resource and conduct
conservation actions as required.

Chinook salmon (Oncorhynchus tshaw-
ytscha) are harvested throughout the
year by commercial and sport fishers in
the waters of southeast Alaska, British
Columbia, and the Pacific Northwest.
Fisheries typically harvest highly mixed
stocks of Chinook salmon and are there-
fore under the jurisdiction of the Pacific
Salmon Treaty. Quotas specified by the
PSC are dependent on the abundance of
Chinook salmon projected by its Chinook
Technical Committee (CTC) using the
Chinook salmon model (e.g., CTC 2005).

The model uses catch, escapement, coded-
wire tag (CWT) recovery, and recruitment
information to forecast relative abundance
in treaty fisheries.

With the increased dependence on
CWT recovery data, concern has been
raised regarding the quality of the CWT
data and inferences drawn from those
data (Hankin et al. 2005). Historically
only fish carrying a CWT had an adipose
clip. However, with the advent of mass-
marking of large numbers of hatchery fish
using an adipose clip only (e.g., Mobrand
et al. 2005), recovery of CWT fish has
been complicated. Recovery now requires
both handling much larger numbers of
individuals paired with electronic scan-
ning of those adipose-clipped individu-
als to detect tags. As a further concern,
abundance and harvest information is
not available for most Chinook salmon
stocks, so indicator stocks are used within
the model to represent both larger groups
of hatchery and wild stocks. The ability of
the hatchery indicator stocks to accurately
represent wild stocks has been generally
supported in coho salmon (O. kisutch;
e.g., Weitkamp and Neely 2002), but is
still largely unknown for many stocks of
Chinook salmon. The wild stocks may
differ in ancestry, abundance, and timing
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from the indicator stock assigned to them
in the model.

In 2004, the Pacific Salmon Commission
convened a panel of experts to examine
limitations of the CWT program in the
context of mass marking and mark-selec-
tive fisheries, as well as to evaluate the
capacity of alternative technologies to
improve assessment of Chinook salmon
(Hankin et al. 2005). The expert panel
concluded that alternative technologies
could not by themselves replace CWTs,
but that genetic stock identification (GSI)
could indeed complement the existing
CWT programs or be used in combina-
tion with other techniques such as otolith
thermal marking to estimate the stock
composition of a landed catch in a par-
ticular time/area fishery (Findings 11-13).
However, they noted limitations in the
GSI methods due to the lack of coastwide
genetic baselines, which are databases of
genotypes from breeding populations.

Finding 13. Modern GSI methods
can be used to estimate the stock com-
position of the landed catch in a par-
ticular timefarea fishery. However,
the accuracy and precision of data
required to estimate stock-age-fishery
specific exploitation rates using GSI
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methods is dependent upon a variety
of factors. For example, microsatellite
DNA-based GSI technology is not yet
capable of generating consistent, rep-
licable estimates due to the lack of a
coastwide genetic baseline, the history
of stock transfers within and among
watersheds, and differences in meth-
odologies and mixture separation algo-
rithms. (Hankin et al. 2005)

Here we review a large multi-laboratory

effort to develop and standardize a repli-
cable DNA database for Chinook salmon.

History and need for
coast-wide databases

Beginning in the 1980s, consider-
able effort and coordination was directed
towards developing standardized allozyme
(protein) baselines (e.g., Shaklee and
Phelps 1990; White and Shaklee 1991;
see Box 1). Standardization among labo-
ratories involves identifying and adopting
a common suite of loci (specific polymor-
phic DNA segments or their products) and
adopting consistent names for the various
alleles (see Box 1). Genetic analyses using
allozyme databases were used extensively
to estimate the stock contribution of
Chinook salmon fisheries in the Columbia
River, coastal Washington, and Strait of
Juan de Fuca (e.g., Marshall et al. 1991;
Shaklee et al. 1999). Collaborative work
during the 1990s by multiple state, pro-
vincial, and federal agencies was directed
towards enlargement of the database (Teel
etal. 1999). The allozyme database grew to
include comprehensive coverage of popu-
lations ranging from California through
Alaska with representative populations
from Russia (Teel et al. 1999). Although

this database was comprehensive and
used by multiple laboratories, a number
of limitations, including the requirements
for lethal sampling, cryopreservation, lack
of laboratory automation, and the finite
number of loci, led researchers to the deci-
sion to replace the allozyme baseline with
a DNA database.

Markers based on DNA, such as mito-
chondrial DNA (Cronin et al. 1993) and
microsatellites (Banks et al. 2000; see Box
1), were also in use and shown to be valu-
able for resolving Chinook salmon popula-
tion structure. However, unlike allozymes
where a system was developed for shar-
ing and transferring data among labora-
tories,
for use within single laboratories (Moran
et al. 2006). The large number of avail-
able microsatellite loci resulted in little
overlap among researchers’ datasets. For
example, at the beginning of 2003 over 60
loci were in use for Chinook salmon, but
most (43) were used in only a single labo-
ratory (Figure 1a). This was not limited to
Chinook salmon, but was the norm for fish-

microsatellite baselines evolved

eries studies of many species. Furthermore,
even when identical loci were being used,
differences in chemistries and instrument
platforms among laboratories produced
variable size calls for the same allele from
the same individual, which precluded eas-
ily merging datasets from multiple regions
(Figure 1b). As a result, despite collection
of a substantial amount of microsatellite
data (e.g., Nelson et al. 2001; Beacham et
al. 2003), progress in replacing the allo-
zyme database was slow for multi-juris-
dictional fisheries, and multiple databases
proliferated.

Concerns regarding these multiple and
independent databases were addressed at

various meetings of salmonid geneticists
in 1999 to 2001, but progress was limited
(LaHood et al. 2002). Finally, a workshop
hosted by the CTC in 2003 resulted in
funding for the database described herein.
In the following year, a symposium on
genetic databases for fishery management
and conservation was held at the 2004
American Fisheries Society (AFS) Annual
Meeting, and groups studying a number
of divergent fishery resources began stan-
dardization efforts (e.g., Atlantic herring;
Mariani et al. 2005). So although the
advantages of DNA-based markers, and
microsatellites in particular, were well
documented beginning in the early 1990s
(e.g., Wright and Bentzen 1994; Wirgin
and Waldman 1994), coordination among
laboratories lagged markedly.

The present database was constructed
and evaluated through a two-year collab-
orative effort of an international multi-
agency work group. Guiding principles
required that the database would: (1) be
subject to review by scientists from all
interested agencies, (2) be freely available
to all researchers managing or studying
Chinook salmon, and (3) cover the range
of Chinook salmon at a geographic scale
appropriate to the management objectives
of the PSC with the understanding that
the database could be easily expanded to
include the entire range of the species. It
was anticipated that the database would
allow for a wide variety of management
and research applications on all life history
stages throughout the species range in both
freshwater and marine environments.

Box 1. Definition of terms commonly used in genetic stock identification of Pacific salmon.

Allele
Allelic ladder

Allozyme
Locus (loci, plural)

Microsatellite
Neighbor joining tree

An alternative form of a given gene or DNA sequence that differs from other alleles in DNA sequence or phenotype.
A pooled and diluted aliquot of multiple PCR products that originates from multiple individuals of known genotype.
With the choice of appropriate individuals, a ladder with all the "rungs" necessary for successful interlaboratory allele
indexing can be created.
Allelic form of a protein enzyme encoded at a given locus. Allozymes are usually distinguished by protein
electrophoresis and histochemical staining techniques.
The site that a particular gene or DNA sequence occupies on a chromosome.

DNA sequences containing short (2-5 base pairs) repeats of nucleotides (e.g. GTGTGTGT)

A bottom-up clustering method used for the creation of phylogenetic trees that is based on the distance between
each pair of populations or taxa.

PCR The polymerase chain reaction or PCR amplifies a single or few copies of a piece of DNA across several orders of
magnitude, generating millions of copies of the DNA.
SNP Single nucleotide polymorphism; DNA sequence variation occurring when a single nucleotide (A, T, C, or G) differs
between members of a species or within an individual between paired chromosomes.
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METHODS AND MATERIALS
Identification of loci

During the first year of the study,
each contributing laboratory analyzed
an identical set of 500 individuals drawn
from populationsranging from California,
USA, to Kamchatka, Russia, for its own
microsatellite locus panel. A total of 60
loci were evaluated, and “sponsorship”
documents were created for each locus
including description, source, analysis
conditions, and locus variability. A sub-
set of 25 loci drawn from the combined
set was chosen based on qualitative
selection criteria including the reliabil-
ity of the PCR (polymerase chain reac-
tion; see Box 1) amplification, and, to a
lesser extent, allelic size range and num-
ber of alleles. Locus diversity across the
range was generally not a consideration
since too few individuals were assayed
to reliably compute statistical measures.
Each laboratory tested the 25 loci on
a subset of 96 individuals drawn from
the original 500 individuals. Scores for
these 96 individuals were submitted to
the coordinating laboratory (Northwest
Fisheries Center, National
Marine Fisheries Service). From this set,
collaborators selected and tested the 15
most reliable loci for inclusion in the
standardized baseline. A curator labora-
tory was identified for each locus with
responsibility for receiving, compiling,
and distributing allele information. A
decision was also made to link alleles to
tissues from a specific individual salmon
that would reside in each laboratory. An
additional set of locus documentation
was prepared designating recognized
alleles, assigning allelic nomenclature,
and designating individuals for every
recognized allele at each locus. These
master allele lists were termed “curator
documents.”

Science

Genotyping evaluation

To assess the ability of each laboratory
to accurately resolve all 15 loci, 2 sets of
96 “blind” samples were analyzed (first
and second blind samples). These samples
had never been previously genotyped in
any of the laboratories. In both cases, test
fish were drawn from marine fisheries and
assumed to be highly mixed with broad
representation of stocks. The samples for
the first test were collected from British

Figure 1. a. Distribution of loci analyzed across laboratories at the beginning of the study. Most markers
were assayed in only a single laboratory. Only three loci were used in more than half of the laboratories.

b. Electropherograms from the same individual assayed on two different instruments. Identical size standards
and sizing algorithm were used, yet differences in size are seen that reflect differences in amplification
chemistries and electrophoresis hardware, polymer and running conditions employed in different
laboratories. The figure illustrates a significant difference in the estimated size of the alleles, in addition to a
different relative size of the repeat unit (i.e., 4.14 versus 4.25 bp; adopted from Moran et al. 2006).
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Columbia; the second set was collected
from southeast Alaska. Allelic scores from
each laboratory were adjusted to the rec-
ognized nomenclature, submitted to the
coordinating laboratory, and compared
across seven laboratories. Two additional
laboratories that had not been involved
in locus selection or the first blind test
participated in the second blind test. The
alleles were not sequenced, so the abso-
lute length was unknown. Therefore, the
modal score (the most common allele
scored across the participating laborato-
ries) was defined to be the “correct” score.
Concordance of scores across laboratories
or percent accuracy for each locus for
each laboratory was based on this modal
score.
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Construction of the Database

Baseline populations were chosen that
represent all previously identified genetic
lineages of Chinook salmon from the
southern end of the species range north
to southeast Alaska with focus on major
production areas and likely contributors
to Pacific Salmon Treaty fisheries (Figure
2). Six laboratories (Alaska Department
of Fish and Game [ADFG]; Department
of Fisheries and Oceans Canada [DFO];
Columbia  River Inter-Tribal  Fish
Commission [CRITFC]; Oregon State
University [OSU]; Southwest Fisheries
Science Center, National Marine Fisheries
Service [SWFSC]; and Washington
Department of Fish and Wildlife [WDFW])
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Figure 2. Collection sites for Chinook salmon included in the DNA baseline. These sites represent populations potentially contributing to mixtures
harvested in Pacific Salmon Treaty fisheries. Sites are designated by regional groups from Table 3.
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contributed to the construction of the
database.

Evaluation of the database

Definition of regional groups. The
database was evaluated for its ability to cor-
rectly allocate to regional groups defined
based on a combination of genetic similar-
ity, geographic features, and management
applications. Population estimates are
combined into regional groups to provide
the desired accuracy and precision of stock
composition estimates. The initial list of
regional groups for compositional analyses
was enlarged from those used for the allo-
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zyme baseline (Teel et al. 1999). In order
to visualize how the present microsatel-
lite data might be concordant with and/or
improve upon this list, we calculated pair-
wise chord distances (Cavalli-Sforza and
Edwards 1967) between all collections
and then used PHYLIP (Felsenstein 2004)
to create a neighbor joining tree (Saitou
and Nei 1987; see Box 1). On such a tree,
genetically similar populations will clus-
ter together, facilitating the definition of
regional groups (see Box 1).

Mixture simulation. Simulations were
conducted to evaluate the application
of these regional groups to genetic stock
identification (compositional analyses) of

mixtures of Chinook salmon harvested
in treaty fisheries. These simulations
assessed whether the baseline of microsat-
ellite allele frequencies provided sufficient
information to identify regional groups in
hypothetical mixtures.

Simulations were performed using the
Statistical Package for Analyzing Mixtures
(SPAM version 3.7; Debevec et al. 2000).
Mixture genotypes were randomly gener-
ated from the baseline allele frequencies
assuming Hardy-Weinberg equilibrium.
The baseline allele frequencies were para-
metrically resampled to account for sam-
pling variability. Each simulated mixture
(N = 400) was entirely composed (100%)
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of the regional group under study with
equal contribution of all populations
within the regional group. Then each
simulated mixture was analyzed against
the complete baseline. Bootstrap means
for regional groups and 90% confidence
intervals were derived from 1,000 simu-
lations per group. Regional groups with
mean correct estimates of at least 90% are
considered highly identifiable in potential
mixtures from treaty fisheries. Regional
groups with mean correct estimates lower
than 90% can still be considered iden-
tifiable in mixtures, but sources of mis-
allocation should be considered when
interpreting the results (e.g., Seeb et al.
2000).

RESULTS

Locus selection and evaluation
of microsatellites

The first blind test revealed that data-
handling errors, such as misalignment of
individuals, were the largest source of dis-
agreement among laboratories. In addition
to data-handling errors, 2 of the 15 loci
selected and tested stood out as being poorly
standardized across 3 or more laboratories.
These 2 loci were removed, and the final
group of 13 loci was identified for inclusion
in the baseline (Table 1). Beyond these
sources of conflict, the results of the first
blind comparison indicated that technical
standardization had been accomplished for
greater than 90% of the observed alleles
at each locus. Furthermore, much of the
remaining variability among laboratories
was due to alleles being observed in the
blind samples that had not been observed
in the original 96 samples.

The results of the second blind test
indicated that technical standardization
had been accomplished for more than
95% of the observed alleles (Table 2a).
However, a number of low-concordance
values for specific loci indicated errors in
the data from two of the laboratories. One
laboratory obtained a concordance of only
44% for Ogo4, whereas other loci provided
by the same laboratory showed 98% con-
cordance or more. Another laboratory had
0% concordance at five loci and 82% at
another locus. Data for the other seven
loci from this second laboratory were close
to the overall average. Cursory checks in
respective laboratories revealed data-han-
dling errors that explained most of the dis-
crepancies. After correction of these errors

the overall concordance for the laborato-
ries at these loci was over 99% (Table 2b).

Baseline construction

Data provided by the collaborators were
combined to create a large database suited
to GSI compositional analyses of fisher-
ies managed under the Pacific Salmon
Treaty. A total of 220 sample collections
and 16,394 individual fish representing
110 putative populations were included in
Version 1.1 of the baseline (Table 3, Figure
2, Appendix 1). All individual fish were
assayed across 13 loci; however, failures
at particular loci sometimes resulted in
incomplete multilocus genotypes. A target
was set of 144 individuals per population
with at least 120 genotypes per locus. In
some populations, fewer than 120 individ-
uals were available, so actual sample sizes
were necessarily below the target.

The number of alleles varied mark-
edly across loci, ranging from 9 (Ots9) to
74 (Omml1080; Table 1). Across all loci,
487 alleles were observed. A voucher set
of tissues from a single individual for each
of the alleles were identified and provided
to all collaborators. For some alleles, insuf-
ficient tissue was available for sharing
between all labs, so a second individual
known to exhibit the same allele was sub-
stituted as the voucher. Additional alleles
are expected as coverage of the baseline
expands.

Simulations

Forty-two regional groups were defined
based on genetic similarity, geographic
features, and management applications.
Simulations were performed to examine
the accuracy and precision of this baseline
simulating mixtures composed of indi-
viduals drawn entirely from populations
of a single region. Almost all regions were
defined as highly identifiable with boot-
strap means of 1,000 simulated mixtures
above 90% to the correct regional group
(Table 3). Exceptions were the Deschutes
Fall and Upper Stikine River regions
which had 89.5% and 84.5% mean correct
allocations, respectively. In addition, the
lower bound of the 90% confidence inter-
val for all regions was above a 90% thresh-
old, with the exception of the Deschutes
Fall, Upper Stikine River, Taku River, and
Southeast Alaska Stikine River groups.
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DISCUSSION
Database construction

Our primary goal of developing a repli-
cable set of microsatellite loci for Chinook
salmon was successfully completed. With
an average above 90% correct allocation
to regional groups, the DNA baseline
provides an unprecedented resource for
improved information and management
of Chinook salmon during their ocean and
freshwater life stages. Additional labora-
tories employing various chemistries and
hardware will be able to use the database
through the use of voucher specimens or
by using the allelic ladders (see Box 1) that
are currently under construction for all loci
(e.g., LaHood et al. 2002). Allelic ladders
consist of a collection of alleles covering
a range of known sizes that can be used as
an internal measurement to standardize
the data. These ladders hold the promise
of simplifying standardization as laborato-
ries will not need to analyze voucher speci-
mens for every allele.

All geographic regions and genetic
lineages likely to contribute to fisheries
of CTC interest are represented in the
present baseline, and these data should
be appropriate for complex fishery mix-
tures that include diverse populations
from widespread locations. Although the
current baseline is broad, it is not compre-
hensive. Efforts are currently underway to
increase local coverage. Expanded base-
line data will likely improve the accuracy
of allocation to the regional groups, and,
in at least some cases, are likely to provide
a finer scale of estimation (e.g., sub-basins
within major river systems). Fine-scale
geographic allocation of mixtures and
potential assignment of individual fish
to population-of-origin may also provide
important biological and life-history infor-
mation such as migration timing and path-
ways and age-related changes in habitat
use. Expansion of the baseline to include
populations throughout Alaska, Canada,
and Russia is underway. In addition to
improved management, the baseline will
be used to better understand the biology of
the species and provide information about
effective population size, evolutionary
and demographic history, and population
boundaries.

The results of the two blind tests were
encouraging, but also signalled a need
for continued vigilance in error checking
and data manipulation. On the one hand,
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Table 1. Microsatellite loci standardized for Chinook salmon. Reference, curator agency,
and observed number of alleles are given for baseline Version 1.1.

Locus Reference Curator agency’ Observed number
of alleles
Ogo2 Olsen et al. 1998 ADFG 26
Ogo4 Olsen et al. 1998 WDFW 20
Oki100 DFO unpublished? DFO 48
Omm1080 Rexroad et al. 2001 SWEFSC 74
Ots201b Grieg et al. 2003 ADFG 52
Ots208b Grieg et al. 2003 CRITFC 54
Ots211 Grieg et al. 2003 ADFG 43
Ots212 Grieg et al. 2003 Oosu 36
Ots213 Grieg et al. 2003 Oosu 48
Ots3M Grieg and Banks 1999 WDFW 19
Ots9 Banks et al. 1999 DFO 9
OtsG474 Williamson et al. 2002 CRITFC 19
Ssa408 Cairney et al. 2000 NWEFSC 39

~

Laboratory abbreviations: OSU, Oregon State University; SWFSC, Southwest Fisheries Science Center—National Marine
Fisheries Service; DFO, Department of Fisheries and Oceans Canada; NWFSC, Northwest Fisheries Science Center—
National Marine Fisheries Service; CRITFC, Columbia River Inter-Tribal Fish Commission; ADFG, Alaska Department of
Fish and Game; WDFW, Washington Department of Fish and Wildlife.
Personal communication, K. Miller, Department of Fisheries and Oceans Canada, Nanaimo, British Columbia, Canada.

laboratories were able to achieve a very
high degree of concordance through the
standardization process and voucher sam-
ple comparisons. Furthermore, two new
laboratories that had not been previously
involved in locus selection, baseline con-
struction, or the first blind test were able
to achieve very high concordance without
any significant errors. On the other hand,
significant errors in data handling were still
apparent in initial blind submissions from
two of the original laboratories. These
results, although not unique to microsatel-
lite data (e.g., White and Shaklee 1991),
suggest that ongoing quality control and
error checking procedures both internally
within each laboratory and among labo-
ratories are warranted to ensure database

integrity.

Table 2. Proportional genotyping accuracy by laboratory and locus for the second blind test of 13 microsatellite loci. Averages across locus
and laboratory are given. A. Results as submitted. B. Results after correction for errors (see text).

A.

Locus Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Lab 7 Lab 8 Lab 9 Average
0go2 0.987 1.000 1.000 1.000 0.993 0.000 1.000 0.993 1.000 0.886
Ogo4 0.439 1.000 1.000 0.995 1.000 0.000 0.995 0.994 0.990 0.824
Oki100 0.978 1.000 1.000 1.000 1.000 1.000 1.000 0.970 1.000 0.994
Omm1080  1.000 1.000 0.995 1.000 1.000 0.000 1.000 0.994 1.000 0.888
Ots201b 0.984 1.000 1.000 1.000 1.000 0.993 0.995 0.985 1.000 0.995
Ots208b 0.994 1.000 1.000 1.000 1.000 1.000 0.995 0.970 0.995 0.995
Ots211 1.000 1.000 0.994 1.000 0.993 0.955 0.994 0.985 0.994 0.991
Ots212 0.989 1.000 1.000 1.000 1.000 0.989 0.995 0.994 1.000 0.996
Ots213 0.987 1.000 0.982 1.000 0.985 0.000 1.000 1.000 1.000 0.884
Ots3M 1.000 1.000 0.988 0.994 1.000 0.000 1.000 1.000 0.995 0.886
Ots9 1.000 1.000 1.000 1.000 1.000 0.823 1.000 1.000 1.000 0.980
OtsG474 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999
Ssad408 0.987 0.929 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.991
Average 0.949 0.995 0.997 0.999 0.998 0.597 0.998 0.991 0.998 0.947
B.

Locus Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Lab 7 Lab 8 Lab 9 Average
0go2 0.987 1.000 1.000 1.000 0.993 0.988 1.000 0.993 1.000 0.996
Ogo4 0.994 1.000 1.000 0.995 1.000 0.968 0.995 0.994 0.990 0.993
Oki100 0.978 1.000 1.000 1.000 1.000 1.000 1.000 0.970 1.000 0.994
Omm1080  1.000 1.000 0.995 1.000 1.000 0.938 1.000 0.994 1.000 0.992
Ots201b 0.984 1.000 1.000 1.000 1.000 0.993 0.995 0.985 1.000 0.995
Ots208b 0.994 1.000 1.000 1.000 1.000 1.000 0.995 0.970 0.995 0.995
Ots211 1.000 1.000 0.994 1.000 0.993 0.955 0.994 0.985 0.994 0.991
Ots212 0.989 1.000 1.000 1.000 1.000 0.989 0.995 0.994 1.000 0.996
Ots213 0.987 1.000 0.982 1.000 0.985 0.994 1.000 1.000 1.000 0.994
Ots3M 1.000 1.000 0.988 0.994 1.000 0.949 1.000 1.000 0.995 0.992
Ots9 1.000 1.000 1.000 1.000 1.000 0.979 1.000 1.000 1.000 0.998
OtsG474 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999
Ssa408 0.987 0.929 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.991
Average 0.992 0.995 0.997 0.999 0.998 0.981 0.998 0.991 0.998 0.994
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Table 3. Mean correct allocations from 100% simulations for 42 regional groups of Chinook salmon populations. Bootstrap means of 1,000
simulated mixtures and upper and lower 90% bootstrap confidence intervals are given. Number of populations per region is also given.
Region number Region name Number of populations Bootstrap mean 90% confidence interval
Lower Upper

1 Central Valley fall 4 0.945 0.916 0.971
2 Central Valley spring 4 0.936 0.908 0.962
3 Central Valley winter 1 0.990 0.980 0.998
4 California Coast 2 0.985 0.975 0.995
5 Klamath River 3 0.984 0.970 0.995
6 North California/South Oregon Coast 1 0.972 0.956 0.987
7 Rogue River 2 0.941 0.912 0.968
8 Mid Oregon Coast 3 0.944 0.918 0.968
9 North Oregon Coast 3 0.957 0.933 0.979
10 Lower Columbia spring 3 0.971 0.952 0.987
11 Lower Columbia fall 3 0.973 0.956 0.987
12 Willamette River 2 0.983 0.968 0.994
13 Mid Columbia Tule fall 1 0.969 0.949 0.986
14 Mid and Upper Columbia spring 5 0.965 0.945 0.985
15 Deschutes fall 1 0.895 0.859 0.931
16 Upper Columbia summer/fall 3 0.963 0.937 0.985
17 Snake River fall 1 0.946 0.915 0.974
18 Snake River spring/summer 5 0.966 0.946 0.984
19 Washington Coast 3 0.951 0.928 0.971
20 South Puget Sound 2 0.988 0.977 0.997
21 North Puget Sound 4 0.971 0.955 0.985
22 Lower Fraser 2 0.984 0.972 0.994
23 Lower Thompson River 2 0.983 0.971 0.994
24 South Thompson River 3 0.976 0.962 0.990
25 North Thompson River 2 0.978 0.964 0.990
26 Mid Fraser River 4 0.980 0.966 0.991
27 Upper Fraser River 4 0.969 0.949 0.986
28 East Vancouver Island 2 0.979 0.966 0.991
29 West Vancouver Island 5 0.990 0.980 0.997
30 South BC Mainland 2 0.975 0.961 0.988
31 Central BC Coast 3 0.960 0.940 0.978
32 Lower Skeena River 2 0.950 0.927 0.971
33 Upper Skeena River 3 0.950 0.925 0.971
34 Nass River 4 0.939 0.913 0.963
35 Upper Stikine River 1 0.845 0.793 0.893
36 Taku River 4 0.920 0.884 0.954
37 Southern Southeast Alaska 5 0.969 0.950 0.986
38 Southeast Alaska, Stikine River 1 0.917 0.884 0.947
39 King Salmon River 1 0.987 0.977 0.995
40 Chilkat River 2 0.988 0.977 0.996
41 Alsek River 1 0.980 0.967 0.992
42 Situk River 1 0.977 0.963 0.990

Power of the database

Our simulation results suggest that the
present database provides greater resolu-
tion than was provided by the allozyme
baseline. Only the Deschutes Fall and
Upper Stikine regions fell below our target
of 90% accuracy. Additional populations
and tests are needed to evaluate whether
these groups can be accurately identified
or, alternatively, should be combined with
adjacent regional groups. The similarity
among the Taku and Stikine river trans-
boundary populations was also observed
with the allozyme dataset of Teel et al.
(1999), and a single combined group for

these populations was used in the allozyme
study of Guthrie and Wilmot (2004).

The neighbor-joining tree (Figure 3)
suggested that some groups that had not
been distinct from one another based on
the allozyme baseline might be resolv-
able with the present microsatellite data.
Overall, 37 regional groups were resolvable
with the allozyme dataset (Teel et al. 1999)
while 42 were recognized in this microsat-
ellite dataset despite that fact that more
populations were included in the allozyme
baseline than the microsatellite baseline.
Gains in resolution were most apparent
in the California Central Valley where a
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single allozyme group was separated into
fall, spring, and winter groups.

Growth of and access to the baseline

More detailed analyses of the power
of the database are ongoing. We expect
future analyses to better define limitations
of the present database and to identify
where the addition of baseline collections
and increased power via the addition of
new markers are most needed. The addi-
tion of single nucleotide polymorphism
(SNP) markers (see Box 1) which are eas-

ily standardized and may reflect selective
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Figure 3. Neighbor-joining tree based on pairwise chord distances between collections of Chinook salmon (Appendix 1). Numbers and vertical
lines on right indicate regional groups as designated in Table 3. Regional groups with only a single population are in bold.
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variation (Smith et al. 2005; Smith et al. in press) is presently
underway.

As part of the collaboration, a web-based application has been
developed to allow the fisheries and research community to access
the genotype data, curator documents, and supporting metadata.
The Pacific Salmon Commission provided developmental fund-
ing to the Northwest Fisheries Science Center, National Marine
Fisheries Service, Seattle, Washington (www.nwfsc.noaa.gov/
research/divisions/cbd/standardization.cfm), and a test version of
the web application is now being evaluated. The permanent loca-
tion and support for the database are currently under discussion by
the collaborating agencies and the Pacific Salmon Commission.
Until the final location of the database is established, the data

are available at the ADFG website (www.genetics.cf.adfg.state.
ak.us/publish/data/PSCchinookverl_1.pdf).

CONCLUSIONS

Here we described a large collaborative study to develop a
shared, web-accessible database of DNA markers to allow mul-
tiple agencies to conduct genetic stock identification studies of
Chinook salmon. Replicate scoring of the microsatellite loci was
successfully accomplished among nine geographically-dispersed
laboratories. However, the study also revealed that ongoing
coordination and error-checking will be required to ensure the
integrity of the database as it expands. Growth of the database is
presently underway via the addition of new collections and addi-
tional SNP markers. The database is now being used to estimate
compositional analyses of PSC and other fisheries around the
Pacific Ocean.

In May and September of 2007, the PSC convened a work-
shop focusing on the current and future capabilities, limitations,
and use of genetic stock identification methods in ocean salmon
management. A diverse group of scientists attended represent-
ing the disciplines of fishery management, genetics, administra-
tion, population dynamics, and sampling theory. Attendees were
divided into four workgroups: genetics, management, logistics,
and modeling/sampling. Reviews of the workshop are available
at the PSC website (http://psc.org/.) The final recommendations
will be published when completed in 2008.

As genetic approaches to fisheries management become more
commonplace, we anticipate the growth of this and similar types
of databases that are publicly available through web applications.
Ultimately, these databases will provide a wealth of information
not only for fisheries applications, but also for researchers from a
variety of disciplines investigating diverse aspects of salmonid life
history, population genetics, and evolutionary theory.
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Appendix 1. Chinook salmon populations analyzed in this study and included in baseline Version 1.1. Run time, hatchery (H) or wild (W) origin, life stage, collection data,
and analysis laboratory are given. Lower case designations within a region correspond to locations on Figure 1.

Region number Region name Population Run time' Origin Life stage Collection date Analysis laboratory?
1 Central Valley fall Battle Creek (a) Fa W Adult 2002, 2003 SWEFSC
Feather Hatchery fall (b)  Fa H Adult 2003 SWFSC
Stanislaus River (c) Fa W Adult 2002 SWFSC
Tuolumne River (d) Fa W Adult 2002 SWEFSC
2 Central Valley spring Butte Creek (a) Sp wW Adult 2002, 2003 SWFSC
Deer Creek spring (b) Sp W Adult 2002 SWEFSC
Feather Hatchery spring (c) Sp H Adult 2003 SWFSC
Mill Creek spring (d) Sp wW Adult 2002, 2003 SWEFSC
3 Central Valley winter Sacramento River winter Wi W/H  Adult 1992, 1993, 1994, 1995, 1997, SWFSC
1998, 2001, 2003, 2004
4 California Coast Eel River (a) Fa W Adult 2000, 2001 SWFSC
Russian River (b) Fa W Juvenile 2001 SWFSC
5 Klamath River Klamath River fall (a) Fa W Adult 2004 SWEFSC
Trinity Hatchery fall (b) Fa H Adult 1992 SWFSC
Trinity Hatchery spring (c)  Sp H Adult 1992 SWFSC
6 North California/ Chetco Fa W Adult 2004 Oosu
South Oregon Coast
7 Rogue River Applegate (a) Fa wW Adult 2004 osu
Cole Rivers Hatchery (b)  Sp H Adult 2004 Oosu
8 Mid Oregon Coast Coquille (a) Fa W Adult 2000 Oosu
Siuslaw (b) Fa W Adult 2001 Oosu
Umpqua (c) Sp W Adult 2004 osu
9 North Oregon Coast Alsea (a) Fa W Adult 2004 osuU
Nehalem (b) Fa W Adult 2000, 2002-1, 2002-2 OosuU
Siletz (¢) Fa wW Adult 2000 osu
10 Lower Columbia spring Cowlitz Hatchery spring (a) Sp H 2004 CRITFC
Kalama Hatchery spring (b) Sp H 2004 CRITFC
Lewis Hatchery spring (c) ~ Sp H 2004 CRITFC
11 Lower Columbia fall Cowlitz Hatchery fall (@)  Fa H 2004 CRITFC
Lewis fall (b) Fa wW Adult 2003 WDFW
Sandy () Fa W Adult 2002, 2004 OosuU
12 Willamette River McKenzie (a) Sp H Adult 2002, 2004 osu
North Santiam (b) Sp H Adult 2002, 2004-1, 2004-2 OosuU
13 Mid Columbia Tule fall Spring Creek Fa H 2001, 2002 CRITFC
14 Mid and Upper Columbia spring Carson Hatchery (a) Sp H 2001, 2004 CRITFC
John Day (b) Sp W Juvenile, Adult 2000-1, 2000-2, 2000-3, osuU
2000-4, 2000-5, 2000-6, 2004
Upper Yakima (c) Sp H Adult, Mixed 1998, 2003 WDFW
Warm Springs Hatchery (d) Sp H 2002, 2003 CRITFC
Wenatchee spring (e) Sp W Adult 1993, 1998, 2000 WDFW
15 Deschutes fall Lower Deschutes River Fa W 1999-1, 1999-2, 2001, 2002 CRITFC
16 Upper Columbia summer/fall ~ Hanford Reach (a) Su/Fa W 1999, 2000-1, 2000-2, 2000-3, CRITFC
2001-1, 2001-2, 2001-3
Methow River summer (b) Su/Fa W 1992, 1993, 1994 CRITFC
Wells Dam (c) Su/Fa H 1993-1, 1993-2 CRITFC
17 Snake River fall Lyons Ferry Fa W Adult 2002-1, 2002-2, WDFW
2003-1, 2003-2
18 Snake River spring/summer Imnaha River (a) Sp/Su wW 1998, 2002, 2003 CRITFC
Minam River (b) Sp/Su W 1994, 2002, 2003 CRITFC
Rapid River Hatchery () Sp/Su H 1997, 1999, 2002 CRITFC
Sesech River (d) Sp/Su W 2001, 2002, 2003 CRITFC
Tucannon (e) Sp/Su H Adult 2003-1, 2003-2, 2003-2 WDFW
19 Washington Coast Queets (a) Fa W Adult 1996, 1997 WDFW
Quillayute/Bogachiel (b)  Fa W Adult 1995-1, 1995-2, 1995-3, WDFW
1996-1, 1996-2
Sol Duc (¢) Sp H Adult 2003 WDFW
20 South Puget Sound Soos Creek (a) Fa H Adult 1998-1, 1998-2, 2004 WDFW
White River (b) Sp H adult 1998-1, 1998-2, 2002 WDFW
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Region number Region name Population Run time' Origin Life stage Collection date Analysis laboratory?
21 North Puget Sound NF Nooksack (a) Sp HW  Adult 1999 WDFW
NF Stilliguamish (b) Su HW  Adult 1996, 2001-1, 2001-2 WDFW
Skagit summer (c) Su wW Adult 1994, 1995 WDFW
Suiattle (Skagit) (d) Sp W Adult 1989, 1998, 1999 WDFW
22 Lower Fraser Birkenhead River (a) Sp Adult 1996, 1997, 1999, 2001, SWFSC
2002, 2003
Chilliwack (b) Fa H Adult 1998, 1999 DFO
23 Lower Thompson River Nicola (a) Sp H 1998, 1999 osu
Spius River (b) Sp H Adult 1996, 1997, 1998 SWFSC
24 South Thompson River Lower Adams (a) Fa H Adult 1996 DFO
Lower Thompson (b) Fa W Adult 2001 DFO
Middle Shuswap () Fa H Adult 1997 DFO
25 North Thompson River Clearwater (a) Fa W Adult 1997 DFO
Louis River (b) Fa W Adult 2001 DFO
26 Mid Fraser River Chilko (a) Fa W Adult 1995, 1996, 1999, 2002 DFO
Nechako (b) Fa wW Adult 1996 DFO
Quesnel () Fa wW Adult 1996 DFO
Stuart (d) Fa W Adult 1996 DFO
27 Upper Fraser River Morkill River (a) Fa W Adult 2001 DFO
Salmon River (Fraser) (b)  Sp wW Adult 1997 SWFSC
Swift (c) Fa W Adult 1996 DFO
Torpy River (d) Fa W Adult 2001 DFO
28 East Vancouver Island Big Qualicum (a) H Adult 1996 DFO
Quinsam (b) H Adult 1996, 1998 DFO
29 West Vancouver Island Conuma (a) H Adult 1997, 1998 DFO
Marble at NVI (b) H Adult 1996, 1999, 2000 DFO
Nitinat () H Adult 1996 DFO
Robertson (d) H Adult 1996, 2003 DFO
Sarita (e) H Adult 1997, 2001 DFO
30 South BC Mainland Klinaklini (a) wW Adult 1997 DFO
Porteau Cove (b) H Adult 2003 DFO
31 Central BC Coast Atnarko (a) H Adult 1996 DFO
Kitimat (b) H Adult 1997 DFO
Wannock (c) H Adult 1996 DFO
32 Lower Skeena River Ecstall (a) wW Adult 2000, 2001, 2002 DFO
Lower Kalum (b) W Adult 2001 DFO
33 Upper Skeena River Babine (a) H Adult 1996 DFO
Bulkley (b) W Adult 1999 DFO
Sustut (c) W Adult 2001 DFO
34 Nass River Damdochax (a) wW Adult 1996 DFO
Kincolith (b) wW Adult 1996 DFO
Kwinageese (c) W Adult 1996 DFO
Owegee (d) W Adult 1996 DFO
35 Upper Stikine River Little Tahltan River wW Adult 1989, 1990 osu
36 Taku River Kowatua Creek (a) wW Adult 1989, 1990 ADFG
Nakina River (b) W Adult 1989, 1990 ADFG
Tatsatua Creek () Adult 1989, 1990 ADFG
Upper Nahlin River (d) W Adult 1989, 1990, 2004 ADFG
37 Southern Southeast Alaska Chickamin River (a) w Adult 1990, 1993 ADFG
Clear Creek (b) wW Adult 1989, 2003, 2004 ADFG
Cripple Creek (c) W Adult 1988, 2003 ADFG
Keta River (d) W Adult 1989, 2003 ADFG
King Creek (e) W Adult 2003 ADFG
38 Southeast Alaska, Stikine River Andrews Creek wW Adult 1989, 2004 ADFG
39 King Salmon River King Salmon River W Adult 1989, 1990, 1993 ADFG
40 Chilkat River Big Boulder Creek (a) wW Adult 1992, 1995, 2004 ADFG
Tahini River (b) W Adult 1992, 2004 ADFG
41 Alsek River Klukshu River wW Adult 1989, 1990 ADFG
42 Situk River Situk River W Adult 1988, 1990, 1991, 1992 ADFG

TRun time abbreviations: spring (Sp), summer (Su), fall (Fa), and winter (Wi)

2Laboratory abbreviations: OSU, Oregon State University; SWFSC, Southwest Fisheries Science Center—National Marine Fisheries Service; DFO, Department of Fisheries and Oceans Canada; CRITFC, Columbia River Inter-Tribal Fish

Commission; ADFG, Alaska Department of Fish and Game; WDFW, Washington Department of Fish and Wildlife.
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