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Synopsis

Allozyme variation was used to examine population genetic structure of adult chinook salmon, Oncorhynchus
tshawytscha, collected between 1988 and 1993 from 22 spawning locations in Southeast Alaska and northern
British Columbia. Thirty-five loci and two pairs of isoloci were variable, and of these, 25 loci and one pair of
isoloci expressed the most abundant allele with a frequency of less than or equal to 0.95 in at least one collection.
A neighbor-joining (NJ) tree of genetic distances defined five regional groups: (1) King Salmon River (the only island
collection), which has large allelic frequency differences from other populations in this study; (2) heterogeneous
coastal populations from southern southeast Alaska; (3) transmountain collections from the Taku and Stikine Rivers
on the eastern side of the coastal mountain range; (4) Chilkat River in northern Southeast Alaska; and (5) northern
coastal Southeast Alaska, which consists of the Situk River and the Klukshu River, a tributary of the Alsek River.
A second NJ tree that included collections from the Yukon River and British Columbia did not reveal any strong
genetic similarity between Southeast Alaska and the Yukon River. The data suggest that Southeast Alaska may have
been colonized from both northern and southern refugia following the last glaciation – a period of sufficient time
to allow for isolation by distance to occur.

Introduction

Chinook salmon, Oncorhynchus tshawytscha, is a valu-
able sport and commercial species in Southeast Alaska
and northern British Columbia. It has also been the
focus of Pacific Salmon Treaty negotiations because
intercept fisheries on both sides of the border may
harvest stocks from both countries. Recovery of coded-
wire tagged chinook salmon caught as by-catch in
domestic and foreign trawl fleets shows that fish
from Southeast Alaska and northern British Columbia
migrate well out into the North Pacific Ocean and the
Bering Sea where they are vulnerable to both legal
and illegal fishing (Healy 1991). Efforts are under-
way in both the U.S. and Canada to develop a genetic
baseline for spawning populations of chinook salmon
for use in determining the origins of fish harvested
in interception fisheries near the U.S./Canada border
(transboundary rivers, and between Southeast Alaska

and northern British Columbia), and as by-catch in
the North Pacific and Bering Sea trawling fleets (Teel
et al.,1 Wilmot et al.2).

Of the approximately 2 000 watersheds in South-
east Alaska, fewer than 40 support chinook salmon,
and most of the major spawning areas are widely
separated (Heard et al. 1995). Genetic similarities
among populations of a species can be used to detect
contemporary and historic relationships among them.

1 Teel, D.J., P.A. Crane, C.M. Guthrie III, A.R. Marshall,
D.M. Van Doornik, W.D. Templin, N.V. Varnavskaya &
L.W. Seeb. 1999. Comprehensive allozyme database discrimi-
nates chinook salmon around the Pacific Rim. NPAFC document
440. 25 pp.

2 Wilmot, R.L., C.M. Kondzela, C.M. Guthrie III, A. Moles,
Jerome J. Pella & Michele Masuda. 2000. Origins of salmon
seized from the F/V Arctic Wind. (NPAFC Doc. 471) Auke Bay
Fisheries Laboratory, Alaska Fisheries Science Center, NMFS,
NOAA, 11305 Glacier Highway, Juneau, AK 99801-8626. 18 pp.
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The rivers of Southeast Alaska and the transbound-
ary rivers that flow from northern British Columbia
through Southeast Alaska support stocks of ‘stream-
type’ chinook salmon that spend 1 year in freshwater
before migrating to sea. A single ‘ocean-type’ popu-
lation, which migrates to sea in its first year, occurs
in the Situk River (Johnson et al. 1992). Teel et al.
(2000) examined genetic structure of chinook salmon
collections from British Columbia, and observed differ-
ences between inland stream-type and coastal ocean-
type collections. Gharrett et al. (1987) found that
chinook salmon populations from Southeast Alaska
were genetically more heterogeneous than popula-
tions from elsewhere in Alaska, which presumably
reflects the low gene flow among, or multiple found-
ing sources for the Southeast Alaska populations. They
also speculated that chinook salmon from Southeast
Alaska may have originated from the Yukon River
drainage through headwater capture of the transmoun-
tain rivers flowing out of northern British Columbia.
There is geological evidence that the Taku River was
blocked periodically and backed up into the Yukon
River drainage (Kerr 1948). The Alsek River was also
similarly connected to the Yukon River drainage in the
past via Kluane Lake and the White River (Lindsey
et al. 1981).

The objectives of this study were to use allozyme
variation to describe the genetic structure of chi-
nook salmon populations in Southeast Alaska and the
transboundary rivers flowing out of northern British
Columbia, and to investigate possible historic relation-
ships among some Alaskan populations and chinook
salmon from other areas.

Methods

Between 1988 and 1993, 37 collections of tissue sam-
ples were taken from adult chinook salmon at 22
spawning locations in Southeast Alaska and northern
British Columbia (Table 1, Figure 1). Between late
July and early September, fish were sampled at weirs,
carcass weirs, stream spawning areas, and during egg
takes for hatchery propagation. Ten locations were
sampled in multiple years (Table 1). Whole eyes and
samples of liver, cheek muscle, and heart were col-
lected from each adult fish, cooled with frozen gel–ice,
subsequently frozen at −20◦C, and shipped to the Auke
Bay Laboratory where they were stored at −80◦C until
analyzed. Liver was not collected from the Farragut
River samples.

Table 1. Group designation (letters correspond to spawning areas
listed in Figures 1 and 2 & Appendices 1 and 2 available at
ftp.afsc.noaa.gov/sida/chinook/) location, date of collection, and
sizes of chinook salmon collections (N), used for electrophoretic
analysis. Districts are Alaska Department of Fish and Game
Statistical Areas.

Group Location Date N

District 101–Boca De Quadra
A. Keta R. Sep. 5–6, 89 15

West Behm canal
B. Chickamin R. (pooled) 151

Chickamin South Fork Aug. 24, 89 66
Leduc R. Aug. 24, 89 30
Humpy C. Aug. 24, 89 4
Chickamin South Fork Aug. 21, 90 15
Leduc R. Aug. 21, 90 25
Chickamin R. Aug. 21, 90 11

Unuk R. drainage
C. Clear C. Aug. 30, 89 33
D. Cripple C. Aug. 16, 88 121
E. Gene’s Lake C. Aug. 30, 89 67

District 107–Bradfield canal
F. Harding R. Aug. 16,22,26, 89 45

District 108–Stikine R. drainage
G./H. Lower Stikine (pooled) 75
G. North Arm C. Aug. 17, 89 18
H. Andrews C. Aug. 17, Sep. 9, 89 57
I. Shakes C. 1993 29
J. Little Tahltan R. (pooled) 228

Little Tahltan R. Aug. 89 101
Little Tahltan R. Aug. 7–8, 90 50
Little Tahltan R. Jul., Aug. 91 77

District 110–Farragut Bay
K. Farragut R. Aug. 22, 89 8

District 111–Northwest Admiralty Island
L. King Salmon R. (pooled) 86

King Salmon R. Jul. 25,30, 88 37
King Salmon R. Jul. 24,31, 89 31
King Salmon R. Jul. 24,31, 90 18

Taku R. drainage
M. Nakina R. (pooled) 198

Nakina R. Aug. 14–24, 89 104
Nakina R. Aug., 90 94

N. Kowatua C.(pooled) 190
Kowatua C. Aug. 25,29, Sep. 1, 89 95
Kowatua C. Aug. 29, Sep. 6, 90 95

O. Tatsatua C. (pooled) 228
Tatsatua C. Aug. 30, 89 112
Tatsatua C. Aug. 24, Sep. 6, 90 116

P. Dudidontu R. Aug. 13, 90 28
Q. Tseta R. Aug. 6,10, 89 81
R. Nahlin R. (pooled) 129

Upper Nahlin R. Aug. 1–5, 89 81
Upper Nahlin R. Jul. 31, Aug. 5, 90 48
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Table 1. (Continued)

Group Location Date N

District 115–Chilkat R. drainage
S. Big Boulder C. Aug. 5–15, 91 27
T. Tahini R. (pooled) 83

Tahini R. Jul. 31, 89 26
Tahini R. Aug. 90 48
Tahini R. Aug. 2–5, 91 19

District 181–Alsek R. drainage
U. Klukshu R. (pooled) 250

Klukshu R. Aug. 89 105
Klukshu R. Aug. 8, 90 100
Klukshu R. Sep. 91 45

Situk R. drainage
V. Situk R. (pooled) 174

Situk R. Jul. 6, Sep. 90 31
Situk R. Jul. 12, Sep. 10, 91 65
Situk R. Aug. 29, 92 78

Protein electrophoresis was conducted as described
by Aebersold et al. (1987). Specific enzyme activities
were stained according to Harris & Hopkinson (1976)
or Aebersold et al. (1987). Loci for which data were
taken, the tissues in which they were expressed, and
the buffer systems with which they were resolved are
listed in Table 2.

Conformance to Hardy–Weinberg equilibrium expec-
tations (e.g., Hardy 1908) was tested with Chi-
square goodness-of-fit tests. For less variable loci,
probabilities of the statistic were estimated using
a Monte Carlo simulation [a FORTRAN program
written by A.J. Gharrett (unpublished) analogous to
Roff & Bentzen (1989)] using 2 000 iterations. Hardy–
Weinberg tests were not conducted on co-migrating,
duplicated loci (isoloci) or for three loci with dom-
inant allele expression, GPI-B2∗60 allele, GPIr∗ and
sMEP-2∗, which were scored as dominant–recessive
phenotypes. Variation at isoloci was treated as if
all the variability was at one locus and the other
was monomorphic. This is a conservative treatment
for isoloci having relatively low allelic variability
(Gharrett & Thomason 1987). We used log-likelihood
ratio analysis (Sokal & Rohlf 1981) to test homogene-
ity of allele frequencies at four levels of hierarchy. For
tests that included low-frequency alleles, probability
levels were estimated by generating distributions of
the G-statistic, a Monte Carlo method analogous to
that described for the Hardy–Weinberg goodness-of-fit
test (FORTRAN program from A.J. Gharrett, unpubl.).
The relative amounts of variation at different levels of

hierarchy were test using an approximate F-statistic:

Fdf among, df within = Gamong/df among

Gwithin/df within

Relationships among collections were exam-
ined descriptively with neighbor-joining (NJ) trees
(Saitou & Nei 1987) constructed from chord distances
(Cavalli-Sforza & Edwards 1967) between pairs of
populations. Allelic frequencies were estimated for
sMEP-2∗ and GPI-B2∗ from the alternate homozygotes
(GPIr∗ is monomorphic) assuming Hardy–Weinberg
equilibrium. Significance of nodes in the NJ tree were
inferred from test of heterogeneity among branches
joined at the nodes (Chakraborty & Leimar 1987).
Monte-Carlo simulations were conducted to assess the
influence of sampling error of allele frequency esti-
mates on the topology of trees (Hawkins et al. 2002).
The entire data set was iteratively (20 000 trials) regen-
erated by resampling with replacement alleles from
each population, and NJ trees were constructed for
each iteration. A consensus tree was determined from
these 20 000 trees using CONSENSE from PHYLIP
(Felsenstein3). The stability of the topology is shown
in the proportion of trees that share specific nodes.
We used Arlequin (Schneider et al.4) to describe hier-
archical genetic structure within (FSC) and among
(FCT) regional groupings described by the NJ tree.
The significance of the F -statistics was estimated from
distributions of the statistics generated by 17 000 per-
mutations. Three loci were dropped from this analysis:
GPI-2∗, GPIr∗ and sMEP-2∗ since heterozygotes could
not be detected for these loci.

A second NJ tree, using the 32 loci and
three isolocus pairs available for all three data sets
(Table 2; GPI-B2∗60 allele was pooled with the com-
mon allele) and incorporating 13 additional popula-
tions from British Columbia (Teel et al. 2000) and 12
from the upper Yukon River (Wilmot et al.,5 Wilmot
unpubl. data), was constructed to examine the genetic

3 Felsenstein, J. 1993. PHYLIP (Phylogeny Inference Package)
Version 3.60a, Seattle WA, Department of Genetics, University
of Washington.

4 Schneider, S., J.-M. Kueffer, D. Roseli & Laurant Excoffier.
2000. Arlequin version 2.0: A Software for Population Genetic
Data Analysis, Genetics and Biometry Laboratory, University of
Geneva, Switzerland.

5 Wilmot, R.L., R.J. Everett, W.J. Spearman & R. Baccus.
1992. Genetic stock structure of Yukon River chum and chinook
salmon 1987 to 1990. Progress Report, Alaska Fish and Wildlife
Research Center, U.S. Fish and Wildlife Service, U.S. Department
of Interior, 1011 East Tudor Road, Anchorage AK, 99503. 132 pp.
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Figure 1. Sampling sites for chinook salmon in Southeast Alaska and northern British Columbia. Letters correspond to collection sites
listed in Table 1.

Table 2. Protein coding loci (Shaklee et al. 1990) for enzymes resolved in this study, Enzyme Commission (EC) numbers (IUBMBNC
1992), and the tissues and buffer in which they were resolved. Peptidase loci are designated according to their substrate specificity.
L = liver, H = heart, M = muscle, E = eye.

Enzyme EC Locus Tissue Buffera Variability
number levelb

Aconitate hydratase 4.2.1.3 sAH-1∗ L B 4, 5

Adenosine deaminase 3.5.4.4 ADA-1∗ M,H G,F 4, 5
ADA-2∗ M,H G,F 3, 5

Alanine aminotransferase 2.6.1.2 ALAT∗ M,H G,E 4

Aspartate aminotransferase 2.6.1.1 mAAT-1∗ M,H B,C,F 4, 5
sAAT-1,2∗ M,H B,C 4, 5
sAAT-3∗ E A 4

Creatine kinase 2.7.3.2 CK-C1∗ E G,E 1
CK-C2∗ E G,E 4
CK-B∗ E G,E 1

Formaldehyde dehydrogenase 1.2.1.1 FDHG∗ H,E,L,M G 4, 5
(glutathione)

Fructose-biphosphate 4.1.1.13 FBALD-3∗ E A 1
aldolase

Glucose-6-phosphate 5.3.1.9 GPI-B1∗ H D,G 1, 5
isomerase GPI-B2∗ H D,G 4, 5

GPI-A∗ H D,G 4, 5
GPI-r∗ H D,G 1

Glyceraldehyde-3-phosphate 1.2.1.12 GAPDH-2∗ H C 3
dehydrogenase GAPDH-3∗ H C 3
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Table 2. (Continued)

Enzyme EC Locus Tissue Buffera Variability
number levelb

Glycerol-3-phosphate 1.1.1.8 G3PDH-1∗ M,H B,C 1
dehydrogenase G3PDH-2∗ M,H, B,C 1

G3PDH-3∗ M,H, B,C 3
G3PDH-4∗ M,H B,C 1

Glutathione reductase 1.6.4.2 GR∗ M,H F 4, 5

β-N-Acetylhexosaminidase 3.2.1.30 β-HEX∗ L F 4, 5

l-Iditol dehydrogenase 1.1.1.14 IDDH-1∗ L,H D 4
IDDH-2∗ L,H D 1

Isocitrate dehydrogenase 1.1.1.42 mIDHP-1∗ M,H B,F 2, 5
mIDHP-2∗ M,H B,F 3, 5
sIDHP-1∗ M,H,L,E A,B,F 4, 5
sIDHP-2∗ H,L,E A,B,F 4, 5

Lactate dehydrogenase 1.1.1.27 LDH-B1∗ M,H,E G,D 3, 5
LDH-B2∗ M,H,L,E G,D 1, 5
LDH-C∗ E G,D 1, 5

Malate dehydrogenase 1.1.1.37 sMDH-A1,2∗ M,H B,C 1, 5
sMDH-B1,2∗ H,M,L B,C 4, 5
mMDH-1∗ H,M B,C 1
mMDH-2∗ H,M B,C 4, 5
mMDH-3∗ H,M B,C 1

Malic enzyme 1.1.1.40 sMEP-1∗ M,H F 4, 5
sMEP-2∗ M,H F 4

Mannose-6-phosphate 5.3.1.8 MPI∗ M,H,E G,F 4, 5
isomerase

Peptidases 3.4.∗.∗

Dipeptidase 3.4.13.18 PEPA∗ M,H,E D,G,C 4, 5
Glycl-leucine activity PEPC∗ E E 1

Tripeptide aminopeptidase 3.4.11.4 PEPB-1∗ M,H,E,L F,G 4, 5
Leucyl-glycl-glycine activity PEPB-2∗ M,H F,G 3

Leucyl-tyrosine activity 3.4.11.∗ PEP-LT∗ M,H D,F 4, 5

X-Pro aminopeptidase 3.4.13.9 PEPD-1∗ M,H,E C,D,F 1, 5
Phenylalanyl-proline activity PEPD-2∗ M,H,E C,D,F 1

Phosphoglucomutase 5.4.2.2 PGM-1∗ M,H G 3, 5
PGM-2∗ M,H G 1, 5

6-Phosphogluconate 1.1.1.44 PGDH∗ M,H,E,L A,B 1, 5
dehydrogenase

Phosphoglycerate kinase 2.7.2.3 PGK-1∗ E,M,H A,B 1, 5
PGK-2∗ E,M,H A,B 4, 5

Superoxide dismutase 1.15.1.1 mSOD-1∗ M,H D,F,G 4, 5
sSOD-1∗ M,H,E D,F,G 4, 5

Triose-phosphate isomerase 5.3.1.1 TPI-1∗ M,E,H G 1
TPI-2∗ M,H G 1
TPI-3∗ M,E,H G 4, 5
TPI-4∗ M,E,H G 4, 5

aA = CA 7.0 (Clayton and Tretiak 1972), B and C = CAME 7.0 and 7.0-NAD (Aebersold et al. 1987), D = R(Ridgeway et al. 1970),
E = MF (Markert & Faulhaber 1965), F = TC-4 (buffer ‘a’ of Schaal and Anderson 1974), G = TG (Holmes and Masters 1970).
b 1 = monomorphic; 2 = rarely variable; most abundant allele ≥ 0.99; 3 = variable; most abundant allele < 0.99 but > 0.95;
4 = highly variable; most abundant allele ≤ 0.95; 5 = used in broad region analyses.
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relationship with populations from Southeast Alaska.
To test for isolation by distance and to assess the effects
of gene flow and drift, the FST between all pairs of
10 coastal populations was calculated by the method
of Weir & Cockerham (1984). The effective num-
ber of migrants (Nem) per generation, was calculated
between all pairs of populations from Wright’s (1931)
equation FST = 1/(4Nem + 1). The log10(Nem) was
then regressed against the log10(distance) measured in
kilometers between each pair of populations (Slatkin
1993). Distances were measured by water between
the mouths of each drainage. For populations with g
subdivisions the equation:

FST = 1

4Nem (g/(g − 1))
2 − 1

was used to assess divergence among subdivisions.

Results

We obtained data from 62 protein coding loci in
the adult chinook salmon samples (Table 2). Varia-
tion was observed at 35 loci and two isolocus pairs,
with the frequency of the most abundant allele was
less than or equal to 0.95 in at least one collection
at 25 loci and one isolocus pair. The frequency of
the most abundant allele at four loci and one isolo-
cus pair was between 0.95 and 0.99 in at least one
collection, and was less than 0.99 in at least one col-
lection at six loci. Twenty-one loci and one isolocus
pair were monomorphic. Out of 703 tests possible
for these collections, 22 did not conform to Hardy–
Weinberg expectations, three of which remained sig-
nificant when a sequential Bonferroni adjustment was
applied (Rice 1989). These were: LDHB1∗ in [Q] Tseta
Creek 1989; PEPLT ∗ in [J] Little Tahltan River 1989;
and mAAT-1 in [D] Cripple Creek 1988. The depar-
tures from Hardy–Weinberg were due to a paucity
of heterozygotes. Allele frequency appendices for
polymorphic and monomorphic loci are available for
download at ftp.afsc.noaa.gov/Sida/chinook/.

Multiple collections from different years were taken
from 10 locations. G-tests indicated that seven of these
locations were temporally heterogeneous (Table 3). We
followed Waples (1990) recommendation for pooling
temporal samples from the same location, when the dif-
ferences were not too large to be attributed to sampling
error or genetic drift. Temporal collections from the
same location were pooled for analysis (Table 1),

and we also pooled multiple, homogeneous collec-
tions within the Chickamin River drainage, as well as
Andrews and North Arm Creeks, which are on opposite
banks of the lower Stikine River (Tables 1 and 3).

Combined heterogeneity for among river drainages
exceeded heterogeneity within drainages at 26 loci and
two isolocus pairs (Table 3), indicating that divergence
between rivers within drainages was less than diver-
gence among drainages (F333, 962 = 10.66; p = 2.11 ×
10−182). Significant heterogeneity (p < 0.05) was
observed within every river drainage except the Chick-
amin River. The Taku, Stikine, and Chilkat rivers exhib-
ited heterogeneity at three, two, and one additional
levels of hierarchy, respectively. A complete appendix
of the hierarchal log-likelihood analysis is available for
download at ftp.afsc.noaa.gov/Sida/chinook/.

An unrooted tree (Figure 2) constructed from chord
distances by NJ identified five regional groupings of
chinook salmon collections (letters from Table 1 and
Figure 1): (1) southern coastal Southeast Alaska ([A]
Keta River, [B] Chickamin River, [C] Clear Creek, [D]
Cripple Creek, [E] Gene’s Lake, [F] Harding River,
and [G] Lower Stikine River); (2) [L] King Salmon
River; (3) transmountain ([I] Shakes Creek, [J] Little
Tahltan River, [M] Nakina River, [N] Kowatua Creek,
[O] Tatsatua Creek, [P] Dudidontu River, [Q] Tseta
Creek, and [R] Upper Nahlin River; (4) Chilkat River
([S] Big Boulder Creek, and [T] Tahini River); and
(5) northern coastal Southeast Alaska ([U] Klukshu
River and [V] Situk River). The same five regional
groupings of chinook salmon were identified in a prin-
cipal component analysis (not shown). The consensus
tree shared the same topology with the point estimate
of the NJ tree with one exception; Chickamin River
and Clear Creek populations positions were reversed
on the consensus tree. The consensus tree represents
the stability of the position of nodes on the trees,
but lacks the genetic distances of the point NJ tree.
Because the point estimate and consensus trees were
nearly coincidental we were able to label the nodes
with the bootstrap values. The majority of the nodes
had bootstrap values >50%, which indicate stability in
the tree structure. A gene diversity analysis, based on
five geographic areas inferred from the NJ tree, esti-
mated that 29.5% (FSC = 0.01692; p � 1 × 10−4) of
the genetic diversity was within regions, while 70.5%
(FCT = 0.04051; p � 1 × 10−4) was among regions,
which suggests greater gene flow within than among
regions.

A second NJ tree (Figure 3) was used to exam-
ine the relationships among Southeast Alaska/northern
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Figure 2. Neighbor-joining tree (Saitou & Nei 1987) using genetic distances (Cavalli-Sforza & Edwards 1967) estimated from allelic
frequencies at 62 loci. Numbers on branches are percent consensus tree values from a bootstrap of alleles within populations.

British Columbia populations and those from the
Yukon River (Wilmot et al.;5 Wilmot unpubl. data)
and other northern British Columbia populations (Teel
et al. 2000). The tree illustrated eight regional group-
ings: (1) a coastal group which includes central coastal
British Columbia (Kitimat, Atnarko, and Wannock)
and southern coastal Southeast Alaska (identified from
the previous tree); (2) Skeena River (Kitsumkalum,
Cedar, Kitiwanga, Bulkey, Morice, Kispiox, Babine,
and Bear; (3) Nass River (Damdochax and Cran-
berry); (4) Yukon River (North Klondike 89 & 90,
McQuesten, Blind, Ross, Tatchun, Big Salmon, Lit-
tle Salmon, Takhini, Stoney, Nitsutlin, and Nulato;
and the four of the five previously identified regional
groupings: (5) King Salmon River; (6) transmountain;
(7) Chilkat River; and (8) northern coastal South-
east Alaska. Two collections are on branches outside
their geographical groupings; the Lower Stikine arises
on a branch with the Nass and Skeena Rivers, and
the Bulkey, part of the Skeena River, is on a sepa-
rate branch. Fifty percent of all nodes shared among
bootstrap topologies had bootstrap values >50%. The
consensus tree shared the same topology with the
point estimate NJ tree on nodes with >51% bootstrap
estimates.

A plot of all pairwise Nem values for central
coastal British Columbia and southern coastal South-
east Alaska against geographic distance shows there is
an apparent pattern of isolation by distance (Figure 4).
The slope of the regression of log 10(Nem) on
log10(distance) is −0.299 and the regression explains
39% (r2 = 0.385, p < 0.001) of the variation in the
data. Estimation of the average numbers of migrants
between rivers within drainages was about 14.5 fish per
generation, whereas the number of migrants between
drainages was about 3.8. Both estimates assume that
the population systems are near a migration-drift equi-
librium (Zhivotovsky et al. 1994).

Discussion

Descriptive analyses resolved five regional groups of
chinook salmon in Southeast Alaska and northern
British Columbia in this study. Four of the five groups
remained intact when data from somewhat different
sets of alleles were compared to data from other
adjacent regions to the north and south. The clusters
generally reflect geographic proximity, with several
exceptions. The two northern coastal Southeast Alaska
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Figure 3. Neighbor-joining tree (Saitou & Nei 1987) using genetic distances (Cavalli-Sforza & Edwards 1967) estimated from allelic
frequencies at 34 loci for 45 collections. Numbers on branches are percent consensus tree values from a bootstrap of alleles within
populations. Collections which are italicized arise from branches outside their regional grouping.
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Figure 4. Log10(Nem) plotted against log10(distance) measured
in km for 10 coastal populations of chinook salmon from South-
east Alaska and central British Columbia. The linear regression
equation is log10(Nem) = 1.892 − 0.299 ∗ log10(distance) with
an adjusted r2 = 0.385, p < 0.001.

collections do not form a strong cluster, which may be
the result of the Situk chinook salmon having an ocean-
type life-history (Johnson et al. 1992) with a relatively
short distance for juvenile outmigration, whereas the
chinook salmon in the Klukshu, a tributary far up
the Alsek on the eastern side of the coastal moun-
tain range, are stream-type. The King Salmon River
clusters near the Klukshu River on both NJ trees (Fig-
ures 2 and 3), however they are separated by a large
genetic distance. The King Salmon River which is the
only significant (>100 spawners) wild island popula-
tion in Southeast Alaska (Pahlke6), is unique in that
its frequency of GPIB-1∗60 allele (58%) far exceeds
the frequency in all other systems (the next highest

6 Pahlke, K.A. 2000. Escapements of Chinook Salmon in
Southeast Alaska and Transboundary Rivers in 1999, Alaska
Department of Fish and Game, Division of Sport Fish, Fishery
Data Series No. 00-34. 51 pp.



91

is 7.2% for Nakina River). The large genetic distance
between the King Salmon River collection and the
other collections may be a result of early run timing,
unique habitat, small population size, and relative iso-
lation from other chinook spawning areas. Wheeler
and Greens creeks, drain western Admiralty Island,
and may support small chinook salmon runs (Halupka
et al.7). Although those in Wheeler Creek may be
hatchery strays, there are anecdotal reports of histor-
ical Native harvests of chinook salmon at Wheeler
Creek (Heard8). However, the wild population was
probably eliminated by indiscriminate harvesting by a
cannery at its mouth and its proximity to major fishing
grounds (Pahlke6). The King Salmon River popula-
tion is geographically isolated and may have escaped a
similar demise.

The Chilkat River collections (Figures 2 and 3)
cluster together on the NJ trees. However the large
genetic distance between these two collections from
this river is not unexpected because they are widely sep-
arated geographically (Figure 1). Big Boulder Creek
[S], is a clearwater stream that flows into the Klehini
River (about 15 km upriver from the confluence with
the Chilkat mainstem) (Mecum & Kissner9), and the
Tahini River [T] flows directly into the Chilkat main-
stem ∼25 km upriver from the Klehini. The southern
Southeast Alaska coastal group clusters on a single
branch on the NJ tree (Figure 2), but individual col-
lections are separated by varying genetic distances.
This group includes three collections from the Unuk
River (Clear Creek, Gene’s Lake, and Cripple Creek),
which were significantly heterogeneous (Table 3) and
could not be pooled, but cluster together in the descrip-
tive analyses. The Keta River is an outlier of this
group, but that could be due to the small sample
size (N = 15).

The transmountain group consists of collections from
the Taku and Stikine rivers east of the coastal mountain
range. The genetic similarities of the transmountain
group illustrated by the NJ tree (Figure 2) may have

7 Halupka, K.C., M.D. Bryant, M.F. Willson & F.H. Everest.
2000. Biological characteristics and population status of anadro-
mous salmon in Southeast Alaska. General Technical Report
PNW-GTR-468. Portland, OR, U.S. Deptartment of Agriculture,
Forest Service, Pacific Northwest Research Station. 255 pp.

8 William Heard, NMFS Auke Bay Laboratory, 11305 Glacier
Highway, Juneau, AK 99801 (pers. comm.).

9 Mecum, R.D. & P.D. Kissner, Jr. 1989. A study of chinook
salmon in Southeast Alaska, Alaska Department of Fish & Game,
Fishery Data Series No. 117. 76 pp.

resulted from a headwater capture of the Taku River
causing it to flow into the Stikine River. Two geo-
logical features of the Taku River support this idea:
the Taku and Stikine rivers share the drainage of the
Stikine Plateau, hence the upper reaches of these rivers
lie close to each other (Kerr 1948). Other biological evi-
dence for exchange between the Taku and the Stikine
has been observed in sockeye salmon, which exhibit
the same transmountain regional groupings (Guthrie
et al.10). Kowatua and Tatstua both cluster strongly
together, perhaps because they are both associated with
glacial fed lakes, and have a later run timing than the
other populations on the Inklin branch of the Taku
River. Gharrett et al. (1987) suggested that a headwater
capture (Kerr 1948, Lindsey et al. 1981) of some trans-
mountain rivers (Taku, Stikine, Alsek [Klukshu], and
Chilkat) might have been a mechanism for colonization
from the Yukon River. The Alsek and Chilkat rivers do
not cluster with the transmountain group in this study
(Figures 2 and 3). The NJ tree (Figure 3) does not show
evidence of gene flow between the Yukon River and the
transmountain group. A study of mitochondrial DNA
haplotypes may shed light on this possibility.

All the coastal groups (southern Southeast Alaska
and central British Columbia) form a geographic
cluster (Figure 3), but with large genetic distances
between collections. Wannock Creek in central British
Columbia is the most divergent, possibly because it
is the most southern of all the collections and has
ocean-type (Atnarko and Kitimat are intermediate) life-
history (Teel et al. 2000). The Keta River is also diver-
gent, but this may be due to the small collection size.
The Nass and Skeena river collections, with the excep-
tion of Bulkey which was also a genetic outlier in Teel
et al. (2000), clustered strongly together (Figure 3), and
these populations would be inland groups as described
by Teel et al. (2000). There appears to be a loose group-
ing of inland and coastal groups. Lower Stikine cluster
with the Nass/Skeena group, but is a short distance from
the coastal groups with weak topology.

The absence of chinook salmon on Prince of Wales
Island in southern Southeast Alaska, which may have
harbored some plant and animal populations during the

10 Guthrie III, C.M., J.H. Helle, P. Aebersold, G.A. Winans &
A.J. Gharrett. 1994. Preliminary report on the genetic diver-
sity of sockeye salmon populations from southeast Alaska and
northern British Columbia. U.S. National Marine Fisheries Ser-
vice, AFSC (Alaska Fisheries Science Center) Processed Report
94-03, Seattle. 109 pp.
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last ice age (Baichtal et al. 1997), suggests that colo-
nization occurred from regions outside of Southeast
Alaska. The overall genetic structure we observed
suggests that Southeast Alaska was possibly colo-
nized by chinook salmon from refugia to the north
and the south. Their strong regional structure suggests
that the Situk, Klukshu, King Salmon, and Chilkat
rivers may have been populated by individual colo-
nization events, isolated for a long period, or may have
experienced several bottlenecks. Specifically, the King
Salmon River may have been originally colonized via
Wheeler Creek or Greens Creek on western Admi-
ralty Island, which could explain why these fish arrive
in ripe spawning condition. Both creeks may have
been part of the same drainage as the King Salmon
River since their headwaters are in close geographic
proximity and may have been separated as the land
rebounded after the last glaciation. The transmoun-
tain group may have been colonized from the south
from the Nass/Skeena drainages, but has been iso-
lated from these groups for some time. The southern
coastal Southeast Alaska group may have been colo-
nized more recently from the central coastal British
Columbia populations, given the proximity of these
groups on the NJ tree. Although there is genetic simi-
larity between these two regions, there are life-history
differences. The central coastal British Columbia popu-
lations have intermediate and ocean-type life histories,
while the southern coastal Southeast Alaska popu-
lations have a stream-type life-history, possibly an
example of the life-history plasticity in salmonids.
Chinook salmon transplanted to New Zealand have
shown life-history plasticity (Unwin & Quinn 1993).
One could speculate that cooler northern climate may
have caused the life-history change. This would be a
useful adaptation to temperature regime shifts. New
genetic markers (based on randomly amplified poly-
morphic DNA) have been developed that discriminate
ocean-type and stream-type chinook salmon in the
Columbia River basin (Rasmussen et al. 2003). It would
be interesting to examine the southern coastal South-
east Alaska populations using these markers in future
studies.

The isolation by distance analysis suggests chinook
salmon in coastal areas of southern Southeast Alaska
and central British Columbia area are at approximate
migration-drift equilibrium with relatively high level of
gene flow that is somewhat geographically restricted,
and that long distance dispersal is not sufficient to
prevent isolation by distance.
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