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Genetic data reveal a cryptic species of New World flying squirrel: 

Glaucomys oregonensis
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The genus Glaucomys (New World flying squirrels) is currently considered to be comprised of 2 species, the 
northern flying squirrel (G. sabrinus) and the southern flying squirrel (G. volans). We synthesize new information 
from mitochondrial DNA (mtDNA) control region sequences and microsatellite data to demonstrate that the genus 
consists of 3, rather than 2 species, and that Glaucomys sabrinus, as currently recognized, is actually composed 
of 2 separate, apparently non-hybridizing species. Control region mtDNA data from 185 individuals across North 
America revealed 2 distinct clades embedded within G. sabrinus: a widespread “Continental” lineage and a more 
geographically restricted “Pacific Coastal” lineage. The geographic distributions of these 2 lineages are largely 
mutually exclusive, with sympatry observed at only 3 sites in the Pacific Northwest. Analysis of 8 microsatellite 
loci showed no evidence of hybridization between the 2 lineages of G. sabrinus in the region of sympatry. This 
lack of gene flow is noteworthy given that populations of the Continental lineage of G. sabrinus have been shown 
to hybridize with G. volans in southeastern Canada. Finally, phylogenetic analyses and estimates of divergence 
times show that G. volans and Continental G. sabrinus are actually sister taxa that diverged from one another 
more recently than either did from Pacific Coastal G. sabrinus. We propose that these observations provide strong 
evidence for a third, previously unrecognized species of North American flying squirrel, whose geographic range 
extends along the Pacific Coast from southern British Columbia to southern California. Glaucomys oregonensis 
(Bachman, 1839), whose type locality is in Oregon, is the senior available name for this taxon. We propose that 
this newly recognized species be given the common name “Humboldt’s flying squirrel.”
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microsatellites, phylogeography, Rodentia, Sciuridae

Over the last 2 decades, several genetic studies of the New World 
flying squirrels (genus Glaucomys) have answered a number of 
evolutionary, biogeographic, and conservation questions about 
the genus. Although Glaucomys has long been considered to 
include only 2 species, the northern flying squirrel (G. sabrinus) 
and the southern flying squirrel (G. volans—Dolan and Carter 
1977; Wells-Gosling and Heaney 1984), analysis of mitochon-
drial DNA (mtDNA) data led to the discovery that it actually 
is made up of 3 distinct mtDNA lineages: 1 corresponding to 

G. volans and 2 within G. sabrinus—a “Pacific Coastal” (PC) 
lineage and a more widespread “Continental” (CON) lineage 
(Arbogast 1999, 2007; Arbogast et al. 2005; Kerhoulas and 
Arbogast 2010). Because G. volans is closely associated with 
deciduous hardwood forests and G. sabrinus with boreal conif-
erous forests, the geographic distributions of these 3 lineages of 
Glaucomys have provided important insights into the biogeo-
graphic dynamics of these 2 forest types during the Pleistocene. 
For example, analyses of mtDNA data have supported a close 
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relationship between populations of the southern flying squir-
rel that are isolated in the highlands of Mesoamerica and those 
from the eastern United States, and have revealed that the for-
mer contain a disproportionate amount of the mtDNA genetic 
diversity present in the species (Kerhoulas and Arbogast 2010). 
These results suggest that the highlands of Mesoamerica served 
as important refugia for G. volans during glacial periods of the 
Pleistocene and the surprisingly limited amount of mtDNA 
diversity observed in populations of G. volans from eastern 
North America suggests the current distribution of these popula-
tions is a result of a recent and rapid post-glacial expansion out 
of 1 or more glacial refugia that persisted in Mesoamerica or 
southeastern North America during glacial maxima (Kerhoulas 
and Arbogast 2010). The assignment of animals currently rec-
ognized as G. sabrinus to 2 distinct mtDNA lineages suggests 
that these lineages arose as a result of populations being iso-
lated in 2 separate boreal forest refugia, 1 in southeastern North 
America for the CON lineage and 1 along the Pacific Coast of 
the United States for the PC lineage, during Pleistocene glacial 
maxima. Arbogast (1999) proposed that this scenario may have 
happened repeatedly after an initial divergence of the 2 lineages, 
estimated to have occurred in the early-to-middle Pleistocene. 
Genetic, palynological, fossil, and glacial data from the most 
recent (Wisconsinan) glacial cycle all suggest that the CON lin-
eage rapidly expanded northward and westward, along with their 
boreal forest habitat, from a refugium in the southeastern United 
States following glacial retreat (Arbogast 1999). However, north-
ward post-glacial expansion of the PC lineage out of 1 or more 
boreal forest glacial refugia along the Pacific Coast of the United 
States appears to have been much less extensive. The asymmetri-
cal post-glacial expansion out of the 2 refugia is reflected in the 
widespread distribution of the CON lineage and the much more 
geographically restricted distribution of the PC lineage that we 
see today, with the 2 lineages now coming into contact in the 
Pacific Northwest (Arbogast 1999). The geographic distribu-
tions of the CON and PC lineages of G. sabrinus are represen-
tative of a common biogeographic pattern seen in a variety of 
North American boreal forest mammals (Arbogast and Kenagy 
2001; Cook et al. 2001), including tree squirrels of the genus 
Tamiasciurus (Arbogast et al. 2001; Hope et al. 2016), martens 
of the genus Martes (Demboski et al. 1999; Dawson and Cook 
2012), the American black bear (Ursus americanus—Wooding 
and Ward 1997; Stone and Cook 2000), montane shrews (Sorex 

monticolus—Demboski and Cook 2003), voles of the genus 
Myodes (formerly Clethrionomys—Arbogast and Kenagy 2001) 
and others. In each case, there is a distinct phylogeographic dis-
continuity in the Pacific Northwest that separates a PC lineage 
from a much more geographically widespread CON lineage. 
While it is not clear whether this common spatial pattern is the 
result of a single, or multiple, episodes of expansion and contrac-
tion associated with glacial cycles, levels of mtDNA divergence 
between the CON and PC lineages of these co-distributed boreal 
mammals vary considerably (Arbogast and Kenagy 2001).

Genetic data have also been used to study populations of con-
servation concern within Glaucomys. Bidlack and Cook (2001, 
2002) used mtDNA and microsatellites to examine the conser-
vation genetics of isolated populations of G. sabrinus in the 

Alexander Archipelago of Southeast Alaska. They found that 
the endemic Prince of Wales flying squirrel (G. s. griseifrons) 
was genetically distinct from conspecific mainland populations 
and exhibited severely reduced levels of genetic variation, pos-
sibly as a result of a relatively recent (Holocene) founder event. 
Similarly, Arbogast et al. (2005) used mtDNA and allozymes 
to examine the genetic variability of 2 subspecies of G. sabri-

nus (G. s. fuscus and G. s. coloratus) of conservation concern 
from the southern Appalachian mountains. They found that the 
2 subspecies, which are currently restricted to high elevation 
spruce-fir habitat in the Appalachians, were genetically distinct 
from other conspecific populations and maintained several pri-
vate alleles in spite of having lower levels of genetic variability 
(Arbogast et al. 2005). The results of these studies (Bidlack and 
Cook 2001, 2002; Arbogast et al. 2005) are consistent with a 
rapid post-Wisconsinan range expansion wherein some mem-
bers of the CON lineage of G. sabrinus recolonized Alaska 
relatively recently, while those persisting in the Appalachian 
mountains are Pleistocene relicts, currently isolated from other 
conspecific populations. Finally, and perhaps most surpris-
ingly, analysis of microsatellite data revealed that G. sabrinus 
and G. volans have recently hybridized in southeastern Canada 
(Garroway et al. 2010). These 2 species have very different 
bacular morphology (Dolan and Carter 1977; Wells-Gosling 
and Heaney 1984), and therefore, it has long been assumed that 
they were reproductively isolated.

In this study, our goal was to address some of the important 
remaining evolutionary, taxonomic, and biogeographic ques-
tions surrounding the genus Glaucomys. Specifically, we used 
a combination of mtDNA sequence and microsatellite data to: 
1) identify specific geographic location(s) where the CON and 
PC mtDNA lineages of G. sabrinus are sympatric in the Pacific 
Northwest of North America; 2) estimate changes in effective 
population size through time in each lineage and evaluate these 
results within the context of Pleistocene glacial cycles and 
associated shifts in the geographic distribution of boreal forest; 
3) estimate the time of the initial divergence between the CON 
and PC lineages of G. sabrinus and compare that with dates 
estimated for the same phylogeographic split in another group 
of co-distributed boreal forest mammals (tree squirrels of the 
genus Tamiasciurus); and 4) determine whether gene flow is 
occurring between the CON and PC lineages of G. sabrinus 
where they co-occur in the Pacific Northwest.

MATERIALS AND METHODS

Sampling and DNA isolation.—Blood or tissue samples were 
obtained for 185 individuals identified as G. sabrinus from 
throughout the geographic distribution of the species, with a 
special focus on western North America. Most samples (all 
but 8) came from specimens housed in museum collections 
(Appendix I). Of the 185 samples, 6 (University of Michigan 
Museum of Zoology [UMMZ] 79755–79764, Appendix I) con-
sisted of tissue taken from the skins or scraped from the skulls 
or skeletons. Isolation of genomic DNA was performed using 
the Qiagen DNeasy Tissue Kit (Qiagen, Valencia, California) 
or the salt extraction method described in Miller et al. (1988).
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mtDNA analysis.—For all individuals (n = 179) from which 
preserved blood or frozen tissue was available, an approxi-
mately 450 base pair (bp) segment of the mtDNA hypervariable 
control region was amplified and sequenced using the primers 
CTRL-L (Bidlack and Cook 2001) and TDKD (Kocher et al. 
1993). For the 6 individuals from the University of Michigan 
Museum of Zoology (Appendix I), approximately 330 bp of 
sequence data were obtained. PCRs were conducted using 2× 
TopTaq PCR Master Mix (Qiagen) following the manufac-
turer’s protocol and the thermocycling parameters presented in 
Blois and Arbogast (2006). Sequencing of purified PCR prod-
ucts was performed in both directions on an ABI 373 automated 
sequencer at the Burke Museum, University of Washington 
(Seattle, Washington) or the University of Alaska Fairbanks 
(Fairbanks, Alaska), or was conducted at the High Throughput 
Genomics Center at the University of Washington. Sequence 
data were visually inspected for errors and multiple peaks and 
aligned using Sequencher ver. 5.1 (Gene Codes Corporation, 
Ann Arbor, Michigan). Sequences have been deposited in 
GenBank under the accession numbers provided in Appendix I.

Phylogenetic analysis of mtDNA control region data included 
only unique haplotypes as identified using Collapse ver. 1.2, now 
part of ALTER (http://sing.ei.uvigo.es/ALTER/). Phylogenetic 
trees were constructed using both maximum likelihood (ML) and 
Bayesian methods with the programs GARLI ver. 2.0 (Genetic 
Algorithm for Rapid Likelihood Inference—Zwickl 2006) and 
MrBayes ver. 3.2 (Ronquist et al. 2012), respectively. The best-fit 
models of nucleotide substitution were selected using the Akaike 
Information Criterion (AIC). We used the programs jModelTest 
2.0 (Posada 2008) and MrModeltest ver. 2.3 (Nylander 2004) to 
calculate AIC values of the various nucleotide substitution mod-
els for the ML and Bayesian analyses, respectively. We conducted 
multiple runs in GARLI to ensure the program was sufficiently 
searching tree space and that there was no significant variation in 
log likelihood values between runs. A 1,000-replicate bootstrap 
analysis was performed using GARLI. Results of the bootstrap 
analysis were summarized using the SumTrees program that is 
part of DendroPy ver. 3.12.0 (Sukumaran and Holder 2010). 
Bayesian analysis included 4 chains run for 2.5 × 107 Markov 
chain Monte Carlo (MCMC) generations sampled every 1,000 
generations.

The mtDNA control region data were used to estimate the 
average number of substitutions per site between major clades 
of G. sabrinus using the program DnaSP, ver. 5.10 (Librado 
and Rozas 2009). Haplotype and nucleotide diversity (H and 
π, respectively) within major clades of G. sabrinus also were 
estimated using DnaSP. Control region data were also used to 
construct Bayesian skyline plots for major clades using the pro-
gram BEAST (Bayesian Evolutionary Analysis by Sampling 
Trees, ver. 1.7.4—Drummond et al. 2012) in conjunction 
with the programs BEAUti (Bayesian Evolutionary Analysis 
Utility—Drummond et al. 2012) and Tracer (Rambaut et al. 
2014). Because these plots reflect changes in effective popula-
tion size through time, they can be used to evaluate hypoth-
eses related to the timing and relative magnitude of post-glacial 
population expansions. To estimate values for the time axis of 
each skyline plot, we used a rodent-based rate of substitution 

for the mtDNA control region of 0.50 substitutions per site/lin-
eage/million years (Macholán et al. 2012). The best-fit model 
of nucleotide substitution was determined using the AIC and 
the program jModelTest 2.0 (Posada 2008). We assumed a gen-
eration time of 1 year and ran the BEAST analysis for 5 × 107 
steps sampling every 5 × 104 steps.

BEAST was also used to estimate divergence times between 
major mtDNA clades of Glaucomys previously identified using 
cytochrome b sequence data (Arbogast 1999; Kerhoulas and 
Arbogast 2010). For this analysis, 771 bp of the cytochrome 
b gene (see Supplementary Data SD1) was used. Divergence 
times were calibrated using the Sciurus/Tamiasciurus and 
T. douglasii/T. hudsonicus estimates presented in Chavez et al. 
(2014). As above, the best-fit model of nucleotide substitution 
was determined using the AIC and the program jModelTest 2.0 
(Posada 2008). The BEAST analysis was run for 5 × 109 steps 
sampling every 5 × 106 steps. All BEAST results were viewed 
and summarized using Tracer ver. 1.5 and TreeAnnotator ver. 
1.7.4 (included in the BEAST software package).

Microsatellite analysis.—We selected a total of 61 individu-
als from locations of sympatry between the 2 major mtDNA 
clades of G. sabrinus and adjacent areas in the Pacific Northwest 
(Fig. 1) for microsatellite analysis (CON = 23, PC = 38; 
Appendix I). Individuals were genotyped at 8 polymorphic mic-
rosatellite loci using primers developed for G. sabrinus: GS-04, 
GS-08, GS-10, GS-13, GS-16 (Zittlau et al. 2000), GLSA-12, 
GLSA-48, GLSA-52 (Kiesow et al. 2011). PCR conditions and 
fragment analysis for these loci were conducted as described 
by Schumacher (2012). All loci were amplified in singleplex 
during PCR and then products for 2–4 loci were multiplexed 
for fragment analysis. PCRs were conducted in 10 μl contain-
ing 1× TopTaq PCR Master Mix (Qiagen), 0.4 μM forward 
primer, 0.4 μM fluorescently tagged reverse primer, and 2 μl 
of template DNA. Conventional (GS-08, GS-10, GS-16) or 
touch-down (GS-04, GS-13, GLSA-12, GLSA-48, GLSA-52) 
PCR cycling conditions were optimized for each primer pair 
(Schumacher 2012). Capillary electrophoresis was conducted 
on an ABI 3130xl Genetic Analyzer with GeneScan-500 ROX 
as size standard and GeneMapper ver 4.1 software used to 
score fragments and bin alleles (Applied Biosystems, Waltham, 
Massachusetts).

STRUCTURE ver. 2.3.3 (Pritchard et al. 2000; Falush et al. 
2003) was used to partition individuals into unique genetic 
clusters without a priori information. Ancestry models were 
incorporated with the allele frequency models as follows: no 
admixture-independent and admixture-correlated. For both 
model sets, 5 runs were performed at every hypothesized K (1 
to 10) and each run consisted of 5 × 104 burn-in followed by 
105 MCMC iterations. We determined the most likely value of 
K using the ΔK method (Evanno et al. 2005) implemented in 
STRUCTURE HARVESTER ver. 0.6.92 (Earl and vonHoldt 
2012). We then conducted 10 longer runs (2.5 × 105 burn-in 
and 5 × 105 MCMC iterations) in STRUCTURE at the most 
likely value of K to verify consistency between runs and obtain 
the best possible calculation of individual assignments. The 
FullSearch algorithm within CLUMPP 1.1.2 (Jakobsson and 
Rosenberg 2007) was used to find the optimal alignment of 
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clusters across runs and to produce a probability of assignment 
(Q) for individuals to each of the K clusters.

For each cluster identified by the STRUCTURE analysis, we 
used the web-based version of GENEPOP ver 4.0.10 (Raymond 
and Rousset 1995; Rousset 2008) to test for deviations from 
Hardy–Weinberg equilibrium (HWE) and linkage equilibrium 
(using a Bonferroni corrected alpha to account for multiple 
comparisons), as well as to calculate observed and expected 
heterozygosity for each locus. Allelic richness was calculated 
in FSTAT ver. 2.9.3.2 (Goudet 1995), which implements rar-
efaction to standardize estimates to the smallest sample size in 
each comparison. Mann–Whitney U-tests were used to detect 
significant differences in mean heterozygosity (expected versus 
observed) and mean allelic richness between clusters. In order 
to assess genetic differentiation between the clusters, pairwise 
F

ST
 (Wright 1951) and R

ST
 (Slatkin 1995; Rousset 1996) were 

calculated using GENEPOP.

RESULTS

mtDNA analysis.—Of the 185 individuals for which mtDNA 
control region sequence data were obtained (Appendix I), 
there were 128 unique haplotypes (Fig. 1). The 2 best-fit mod-
els (TIM3 + I + G and HKY + I + G) of nucleotide substitution 
were used for the ML and Bayesian analyses, respectively. In 
both analyses, there were 2 strongly supported clades within 
G. sabrinus: a widespread CON clade containing 130 indi-
viduals and 83 unique haplotypes, and a more geographi-
cally restricted PC clade containing 55 individuals and 45 
unique haplotypes (Fig. 1; Appendix I; Supplementary Data 
SD2–SD4). Members of the 2 clades were found to occur 
in sympatry in 3 locations in the Pacific Northwest: Alocin 

Creek in British Columbia, and Thurston and Pierce coun-
ties in Washington (Appendix I). The average number of 
substitutions per site between the CON and PC clades (D

xy
) 

was 0.12432, and there were 11 fixed nucleotide differences 
between the 2 clades. Values of haplotype diversity (H) and 
nucleotide diversity (π) were 0.971 and 0.0197, respectively, 
for the CON clade, and values of H and π were 0.983 and 
0.0465, respectively, for the PC clade. The D

xy
 for individu-

als within the CON clade was 0.01952 and that for individu-
als within the PC clade was 0.04564. Within the PC clade, 
individuals from California formed a distinct subclade that 
was sister to a subclade containing individuals from Oregon, 
Washington, and southern British Columbia (Fig. 1). The D

xy
 

between individuals from California and those comprising 
the remainder of the PC clade was 0.07512, and there were 4 
fixed nucleotide differences between these 2 groups. Within 
California, the 7 individuals we sampled from San Bernardino 
County exhibited 4 unique haplotypes, all found exclusively 
in squirrels from that location; H = 0.810 (Fig. 1; Appendix 
I). These haplotypes formed a distinct subclade that was sis-
ter to the distinct subclade comprised of individuals from 
Plumas County in northeastern California. The 6 individuals 
we examined from Plumas County exhibited 3 unique hap-
lotypes, all found exclusively in squirrels from that locality; 
H = 0.600 (Fig. 1; Appendix I).

Bayesian skyline plots indicate that the CON and PC lin-
eages of G. sabrinus both experienced an episode of popula-
tion expansion within the last 15–20 × 103 years (Fig. 2). The 
magnitude of the increase in the effective population size of 
females (N

ef
) appears to have been similar in the 2 lineages (e.g., 

increasing from a low of approximately 5–8 × 104 to a peak of 
approximately 7–9 × 105). The median estimate of time to most 

Fig. 1.—Midpoint-rooted Bayesian phylogram of the 128 unique control region mitochondrial DNA (mtDNA) haplotypes of Glaucomys sabrinus 
analyzed in this study. Maximum likelihood analysis recovered a similar topology. Numbers above a branch represent the results of a 1,000-rep-
licate bootstrap analysis and numbers below a branch are Bayesian posterior probabilities. Standard United States postal code abbreviations are 
used to designate the states from which individuals were sampled, and the Canadian provinces of Alberta and British Columbia are abbreviated as 
“AB” and “BC,” respectively. SBCO and PLCO refer to San Bernardino County and Plumas County, California, respectively. A link to a tree file 
for this phylogram is provided in Supplementary Data SD4.
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recent common ancestor (TMRCA) was approximately 4 × 104 
years ago for the CON lineage and approximately 7 × 104 years 
ago for the PC lineage.

The BEAST analysis of mtDNA cytochrome b sequences 
used the best-fit TIM2 + I model of nucleotide substitution. 
In the resulting tree, the PC clade of G. sabrinus was sister 
to a clade containing both the CON clade of G. sabrinus and 
G. volans (which, in turn, were sister to one another; Fig. 3). 
The estimated time of divergence of the G. sabrinus PC clade 
from the other members of Glaucomys was approximately 1.32 
million years ago (mya), with the 95% highest posterior den-
sity (HPD) interval being 0.66–2.37 mya. The CON clade of 
G. sabrinus and the clade corresponding to G. volans appear to 
have diverged from one another approximately 1.07 mya, with 
the 95% HPD interval being 0.5637–1.8633 mya.

Microsatellite analysis.—Both the admixture-correlated and 
no admixture-independent STRUCTURE models had a peak in 
∆K at K = 2 (1538.06 and 2001.16, respectively). Thus, both 
model sets revealed the same pattern of genetic structure, with 
individuals from the CON and PC clades falling into 2 distinct 
genetic clusters with very high probabilities of assignment for 

all individuals (Q ≥ 0.896; Fig. 4). Six loci in the CON cluster 
and 7 loci in the PC cluster were in HWE following Bonferroni 
correction for multiple tests (all P > 0.0031); loci GS-16 (P = 
0.0017) and GLSA-48 (P = 0.0028) were out of HWE in the 
CON cluster, and locus GS‐13 (P = 0.0000) was out of HWE in 
the PC cluster. All pairs of loci were in linkage equilibrium for 
both the CON and PC clusters following Bonferroni correction 
for multiple tests (all P > 0.0009).

There was no significant difference between observed and 
expected heterozygosity (Table 1) for the CON or PC clus-
ters (CON: z

1
 = −0.95, P = 0.342; PC: z

1
 = −1.31, P = 0.190). 

Allelic richness was not significantly different between the CON 
(4.82) and PC (5.34) clusters (z

1
 = −0.47, P = 0.638; Table 1). 

Approximately 56% of the 59 alleles observed were private 
and thus only found in either the CON or PC cluster (Table 1). 
Complete divergence of allele frequencies was observed for locus 
GS-16, with the CON and PC clusters each having 4 private alleles 
(Tables 1 and 2). F

ST
 and R

ST
 revealed that the CON and PC clus-

ters were highly differentiated (F
ST

 = 0.352 and R
ST

 = 0.571).

DISCUSSION

The high level (approximately 12.4%) of average mtDNA control 
region sequence divergence between the CON and PC lineages of 
G. sabrinus indicates a relatively deep evolutionary split between 
these lineages. Based on our analysis of cytochrome b mtDNA 
sequence data (Fig. 3), the estimated date of divergence of these 2 
lineages is approximately 1.32 mya; this date is more than 5 times 
older than the date we estimated for the divergence between sister 
species of the co-distributed boreal forest tree squirrels T. hud-

sonicus and T. douglasii (approximately 0.24 mya; Fig. 3). Thus, 
despite their similar present-day geographic distributions and 
close association with boreal forest, the divergence of the CON 
and PC forms of G. sabrinus likely substantially predates the 
divergence of the CON and PC forms of Tamiasciurus (T. hud-

sonicus and T. douglasii, respectively). These findings support 
the hypothesis presented by Arbogast and Kenagy (2001) that 
the spatially similar phylogeographic patterns observed in many 
co-distributed North American boreal forest mammals may repre-
sent a case of “pseudocongruence” (when similar spatial patterns 
are formed in co-distributed taxa at different times; see Arbogast 
and Kenagy 2001; Riddle 2016). This is certainly plausible, as 
the cyclical nature of glacial–interglacial events throughout the 
Pleistocene would have provided many opportunities for North 
American boreal forest taxa to become isolated in separate “east-
ern” and “western” refugia during glacial maxima (Arbogast and 
Kenagy 2001; Hope et al. 2016).

Our skyline plots (Fig. 2) suggest an episode of substan-
tial population expansion (i.e., from an N

ef
 of approximately 

5–8 × 104 to an N
ef
 of approximately 7–9 × 105) in both the CON 

and PC lineages within approximately the last 15–20 × 103 years, 
a time frame consistent with a scenario of late Pleistocene–early 
Holocene expansion in both groups. Interestingly, despite its 
smaller present (and presumably historical) geographic range, 
the maximum N

ef
 of the PC lineage appears to be equal to or 

greater than that of the CON lineage. The recent downturn in 

Fig. 2.—Bayesian skyline plots for the Continental (CON) lineage 
(top) and Pacific Coastal (PC) lineage (bottom) of Glaucomys sabri-

nus. The black line represents the median estimate of female effective 
population size at a given time before present, whereas the gray lines 
designate the upper and lower 95% highest posterior density (HPD).
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the estimated value of N
ef
 observed in both lineages is almost 

certainly spurious, a by-product of population structure in the 
mtDNA control region data, and does not reflect an actual 
decrease in N

ef
 (see Heller et al. 2013). Overall, the Bayesian 

skyline plots are consistent with a scenario in which the CON 
and PC lineages of G. sabrinus experienced a late Pleistocene–
early Holocene population expansion out of separate east-
ern and western boreal forest refugia that existed south of the 
Cordilleran and Laurentide ice sheets, respectively. Despite the 
fact that the 2 lineages appear to have had similar increases in 
N

ef
, the CON lineage, which currently has an expansive range 

extending from the southern Appalachian mountains in the 
southeast to Alaska in the northwest, experienced a much greater 
post-glacial increase in geographic range size relative to that of 
the PC lineage. This was likely due to differences in the tim-
ing of the retreat of the eastern (Laurentide) ice sheet compared 
to the western (Cordilleran) ice sheet. Whereas the Laurentide 
ice sheet began retreating approximately 18–20 × 103 years 
ago, the Cordilleran ice sheet continued to advance for at least 
another 3 × 103 years (Pielou 1992), and effectively “trapped” 
the PC lineage south of the Cordilleran ice sheet in present-day 
California, Oregon, and parts of Washington. The Cordilleran 
ice sheet would have continued to serve as such a barrier until 
at least 13 × 103 years ago (Pielou 1992). Presumably, by the 
time the PC lineage expanded northward, members of the CON 
lineage had already recolonized boreal forest from the east.  
As a result, the widespread CON lineage and the more 

geographically restricted PC lineage of G. sabrinus presently 
come into contact in the Pacific Northwest. We found 3 loca-
tions in this study where members of these 2 divergent mtDNA 
clades are sympatric (Alocin Creek in British Columbia, and 
Thurston and Pierce counties in Washington; Fig. 5; Appendix 
I), and it is likely that further sampling would reveal additional 
areas of sympatry in the Pacific Northwest.

Despite the relatively smaller geographic range of the PC 
mtDNA lineage, it contains more phylogenetic structuring and 
exhibits greater levels of both nucleotide and haplotype diversity 
in its mtDNA control region when compared to the widespread 
CON lineage. In particular, there appears to be substantial genetic 
divergence among the populations we examined from California 
and the remaining populations of the PC lineage (Fig. 1; 
Supplementary Data SD4). In addition, the 2 California localities 
we examined, Plumas County in northeastern California and San 
Bernardino County in southern California, are surprisingly diver-
gent from one another based on the mtDNA control region data 
(Fig. 1). These results suggest a complex biogeographic history of 
the PC lineage during which populations ancestral to the current 
members of this group may have been isolated in multiple refugia 
along the Pacific Coast during Pleistocene glacial maxima.

In addition to the deep mtDNA divergence observed between 
the CON and PC lineages of G. sabrinus (Fig. 1), our micro-
satellite analysis found no evidence of contemporary gene flow 
between them, despite their sympatry in the Pacific Northwest 
(Figs. 4 and 5). Furthermore, over half (56%) of the 59 alleles 

Fig. 3.—BEAST analysis of 771 bp of the cytochrome b gene for Sciurus carolinensis, Tamiasciurus hudsonicus, T. douglasii, Glaucomys volans, 
and both the Continental and Pacific Coastal clades of G. sabrinus. Mean estimated date for each divergence are shown below each node and gray 
bars at each node represent the 95% highest posterior density interval of the divergence time. GenBank accession numbers for the sequences used 
to date the divergence of Glaucomys are provided in Supplementary Data SD1.
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Fig. 4.—Q-plots from STRUCTURE after CLUMPP analysis. Probabilities of assignment (Q; x-axis, 0–1) for each individual to the 2 genetic 
clusters identified by the STRUCTURE no admixture-independent (left) and admixture-correlated (right) models for 61 individuals spanning the 
geographic area in which the Continental (CON) and Pacific Coastal (PC) mtDNA clades meet—southern British Columbia (BC), Washington 
(WA), and Oregon (OR). All individuals were strongly assigned to a cluster that corresponded with their previously identified mtDNA group 
(Fig. 1; Appendix I), creating a CON cluster (gray bars) and PC cluster (black bars, labels bolded). Note that, in agreement with the mtDNA data, 
there are 3 localities (Alocin Creek, BC; Pierce Co., WA; and Thurston Co., WA) where individuals from the CON and PC lineage co-occur.

Table 1.—Diversity indices for the 8 microsatellite loci used to evaluate the Continental (CON) and Pacific Coastal (PC) clusters of Glaucomys 

sabrinus. Number of individuals genotyped (n), total number of alleles (A), number of private alleles (A
P
), allelic richness (A

R
), and observed (H

O
) 

and expected (H
E
) heterozygosity. Means and standard errors of the mean (SEM) are given for each index evaluated by cluster.

Continental (CON) Pacific Coastal (PC)

Locus n A A
P

A
R

H
O

H
E

Locus n A A
P

A
R

H
O

H
E

GS-04 23 4 1 3.91 0.22 0.20 GS-04 34 6 3 5.40 0.74 0.62
GS-08 23 8 2 7.87 0.70 0.70 GS-08 38 7 1 6.73 0.61 0.76
GS-10 23 5 1 4.91 0.57 0.54 GS-10 38 8 4 7.82 0.74 0.83
GS-13 22 4 2 4.00 0.82 0.74 GS-13 37 6 4 5.55 0.30 0.69
GS-16 23 4 4 4.00 0.35 0.63 GS-16 38 4 4 3.51 0.29 0.37
GLSA-12 23 6 2 5.87 0.48 0.41 GLSA-12 37 6 2 5.52 0.49 0.55
GLSA-48 23 4 1 4.00 0.39 0.72 GLSA-48 37 4 1 3.53 0.24 0.31
GLSA-52 23 4 0 3.96 0.39 0.59 GLSA-52 38 5 1 4.62 0.26 0.38
Mean 4.88 1.63 4.82 0.49 0.57 Mean 5.75 2.50 5.34 0.46 0.56
SEM 0.52 0.42 0.50 0.07 0.06 SEM 0.49 0.50 0.52 0.08 0.07
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observed were private, and thus only found in either the CON 
or PC cluster (Table 1). Moreover, complete divergence of 
allele frequencies was observed for locus GS-16 (Table 2), with 
the CON and PC clusters each having 4 private alleles (Tables 
1 and 2). These results are especially noteworthy given that we 
used 4 (GS-04, GS-08, GS-10, GS-13) of the 9 microsatellite 
loci that Garroway et al. (2010) used to discover a recently 
formed hybrid zone between G. volans and G. sabrinus in 
eastern North America. This also suggests that the microsatel-
lite loci we used have sufficient power to detect hybridization 
between the CON and PC lineages of Glaucomys if it existed.

Previous mtDNA analyses that included all 3 major lineages 
of Glaucomys (Arbogast 1999; Kerhoulas and Arbogast 2010) 
have already shown that the CON and PC lineages of G. sab-

rinus are not sister taxa; rather, the CON lineage of G. sabri-

nus is sister to G. volans. Therefore, G. sabrinus, as currently 
recognized, is paraphyletic. This branching pattern is further 

supported by our phylogenetic analyses and estimates of diver-
gence times (Fig. 3). Furthermore, the microsatellite data con-
firm hybridization of the CON lineage of G. sabrinus with G. 

volans (see Garroway et al. 2010) and lack of hybridization 
between CON and PC lineages of G. sabrinus, despite their 
occurrence in sympatry (this study). The nuclear data also are 
consistent with phylogenetic relationships and divergence time 
estimates (Fig. 3) based on mtDNA sequence data.

Taken together, all of these analyses indicate a closer evolution-
ary relationship between G. volans and the CON form of G. sab-

rinus than either has with the PC form of G. sabrinus, which we 
interpret as evidence that there are 3, not 2 species of flying squir-
rels in North America: G. volans, the CON lineage of G. sabrinus, 
and the PC lineage of G. sabrinus, with the former 2 being sis-
ter taxa. We propose the following taxonomic adjustments 1) no 
changes should be made to the nomenclature or common name 
of Glaucomys volans, the southern flying squirrel; 2) the species 

Table 2.—Allele frequencies observed across 8 microsatellite loci used to evaluate the Continental (CON) and Pacific Coastal (PC) clusters of 
Glaucomys sabrinus in the Pacific Northwest. Note that there are many low-frequency alleles and private alleles in each cluster.

Locus: GS-04

Allele 90 92 94 96 98 100 102 104 106

CON 0.022 0 0 0 0.891 0.065 0 0.022 0
PC 0.029 0 0 0.029 0 0.088 0.544 0.294 0.015

Locus: GS-08

Allele 205 207 209 211 213 215 217 219 221 223

CON 0.022 0 0.043 0.022 0.500 0.196 0.152 0.043 0 0.022
PC 0.026 0.053 0.421 0.171 0.132 0.158 0.039 0 0 0

Locus: GS-10

Allele 189 191 193 195 197 199 201 203 205

CON 0.630 0.065 0 0 0.261 0 0.022 0 0.022
PC 0 0.039 0.039 0.066 0.276 0.224 0.158 0.145 0.053

Locus: GS-13

Allele 95 97 99 101 103 105 107 109

CON 0 0 0 0 0.318 0.182 0.341 0.159
PC 0.014 0.054 0.378 0.392 0.108 0.054 0 0

Locus: GS-16

Allele 88 90 92 94 96 98 100 102

CON 0.304 0 0 0 0 0.087 0.522 0.087
PC 0 0.776 0.171 0.039 0.013 0 0 0

Locus: GLSA-12

Allele 151 153 155 157 159 161 163 165 167

CON 0.761 0 0 0.022 0.022 0.130 0.043 0 0.022
PC 0 0 0.014 0.649 0.068 0.081 0.041 0.149 0

Locus: GLSA-48

Allele 309 311 313 315 317

CON 0.174 0.370 0.348 0.109 0
PC 0 0.014 0.824 0.122 0.041

Locus: GLSA-52

Allele 251 253 255 257 259

CON 0.022 0.413 0.500 0.065 0
PC 0.053 0.026 0.776 0.118 0.026
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corresponding to the CON lineage of Glaucomys sabrinus should 
retain that Latin binomial and the common name northern flying 
squirrel; and 3) the PC lineage of G. sabrinus should be recognized 
as a separate species, Glaucomys oregonensis (Bachman, 1839), 
and be given the new common name “Humboldt’s flying squirrel” 
in honor of the eminent naturalist Alexander von Humboldt and in 
reference to the coastal northern California county that bears his 
name and lies in the heart of the geographic distribution of this 
newly described taxon (Fig. 5). The type specimen of G. orego-

nensis is number ANSP 253 in The Academy of Natural Sciences 
of Drexel University (Philadelphia, Pennsylvania), collected in 
1839 by J. K. Townsend; the species was first recognized and 
named Pteromys oregonensis by Bachman (1839) in that same 
year (Howell 1918), although it subsequently was treated as a 
subspecies of G. sabrinus (e.g., Hall 1981; Wells-Gosling and 
Heaney 1984; Verts and Carraway 1998). The type locality for 
Glaucomys oregonensis is listed as “Oregon, Columbia River.” 
The sex of the holotype is not identified and no paratypes are listed 
in the original description. The following measurements for the 
type specimen were taken from its museum tag: body = 169 mm, 
tail = 143 mm, and hind foot = 35 mm.

Our proposed taxonomic change affects subspecies nomen-
clature in the following ways: 5 subspecies (G. s. califor-

nicus, G. s. lascivus, G. s. stephensi, G. s. flaviventris, and 

G. s. klamathensis; see figure 4 in Wells-Gosling and Heaney 
1984) would clearly fall under G. oregonensis and would there-
fore require the requisite taxonomic change; 17 subspecies 
should be retained in G. sabrinus (G. s. alpinus, G. s. bangsi, 
G. s. canescens, G. s. coloratus, G. s. fuscus, G. s. goodwini, 
G. s. gouldi, G. s. griseifrons, G. s. lucifugus, G. s. latipes, 
G. s. macrotis, G. s. makkovikensis, G. s. murinauralis, 
G. s. reductus, G. s. sabrinus, G. s. yukonensis, and G. s. zapha-

eus); and 3 subspecies (G. s. oregonensis, G. s. columbiensis, 
and G. s. fuliginosus) will require evaluation, as they either 
clearly (i.e., G. s. oregonensis) or potentially (i.e., G. s. colum-

biensis and G. s. fulignosis) contain individuals of both G. sab-

rinus and G. oregonensis. It is perhaps not surprising that there 
are many recognized subspecies of the northern flying squirrel 
concentrated in the Pacific Northwest of North America (i.e., 4 
in Washington and 5 in British Columbia—Wells-Gosling and 
Heaney 1984). This could be the result of the region actually con-
taining 2 separate species of Glaucomys, both of which exem-
plify strong ecogeographic trends such as Bergmann’s (1847) 
and Gloger’s (1833) rules. These trends may have worked in 
concert to produce individuals in populations of both species of 
Glaucomys that have smaller body sizes and darker pelage along 
the more humid, milder Pacific Coast compared to those found 
in the drier, colder continental interior to the east. These trends 

Fig. 5.—Distribution map of the 3 species of Glaucomys: G. volans (dark gray), G. sabrinus (light gray), and G. oregonensis (black). Areas of 
known geographic overlap or potential sympatry are designated by the hashed areas. Expanded map of the Pacific Northwest (left) shows locali-
ties from which individuals were sampled for microsatellite analysis; light gray circles designate localities at which all individuals sampled fell 
into the Continental (CON) cluster, black circles designate localities at which all individuals sampled fell into the Pacific Coastal (PC) cluster, and 
stars represent localities (Alocin Creek, BC; Pierce Co., WA; and Thurston Co., WA) at which individuals of both clusters were found in sympatry  
(Fig. 4; Appendix I). Links to detailed maps of specimen localities are provided in Supplementary Data SD2 and SD3.
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are exhibited prominently in Oregon, where coastal populations 
of Glaucomys are darker in coloration and much smaller than 
those from the Blue Mountains of northeastern Oregon (e.g., 
mean body weight of males = 129 g and mean body weight of 
females = 138 g for the former, versus 183 g for males and 207 g 
for females in the latter—Verts and Carraway 1998).

The problematic subspecific designations outlined above 
highlight the potential difficulty in finding diagnostic morpho-
logical or behavioral characters to easily distinguish G. orego-

nensis from G. sabrinus. If such characters exist, extensive 
analysis of museum specimens will be necessary to find them. 
At present, G. sabrinus and G. oregonensis are most reliably 
distinguished via genetic analyses using a “barcoding” type 
of approach. Because these 2 taxa are allopatric over much 
of North America, species identification is likely to be most 
challenging in the Pacific Northwest (i.e., British Columbia 
and Washington) where they can occur in sympatry (Fig. 5). 
In these cases, individuals can be assigned to the appropriate 
species by using either mtDNA sequences or microsatellites 
reported in this study. In addition, the microsatellite markers 
would also be useful to further monitor for potential hybridiza-
tion between the 2 species in this region, especially since their 
respective ranges are likely to shift over time due to climate 
change.

Finally, from a conservation perspective, our results high-
light the genetic distinctiveness of flying squirrels in California, 
including the San Bernardino northern flying squirrel (currently 
referred to as G. s. californicus) which recently underwent 
review to determine whether it should be added to the list of 
taxa protected under the United States Endangered Species Act. 
The mtDNA control region sequence data presented here show 
that although flying squirrels from California are part of the PC 
mtDNA clade (i.e., G. oregonensis), they are notably divergent 
(i.e., D

xy
 = 0.07512) from the non-California members of the 

PC clade. Furthermore, the individuals we examined from San 
Bernardino and Plumas counties, California, had 4 and 3 pri-
vate haplotypes (i.e., haplotypes found in no other population 
we examined in North America), respectively, suggesting that 
these 2 populations possess unique genetic variation that could 
be an important component of the overall genetic variation of 
the newly recognized species, G. oregonensis.
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Supplementary Data SD1.—Species and GenBank accession 
numbers for the 771 bp of mtDNA cytochrome b sequences 
used to date the divergence of Glaucomys (Fig. 3).
Supplementary Data SD2.—Keyhole Markup Language 
(.kml) file of geographic locations for specimens of Glaucomys 
used in this study.
Supplementary Data SD3.—Link to Berkeley Mapper file 
that depicts the geographic locations and associated informa-
tion for specimens of Glaucomys used in this study.
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tree (.tre) file for the mtDNA control region phylogram pre-
sented in Fig. 1.
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APPENDIX I

Glaucomys specimens included in this study, with source, 
unique identifier, Continental (CON) or Pacific Coastal (PC) 
mtDNA clade membership (Fig. 1), GenBank accession num-
ber for mtDNA control region sequence, label used in the 
microsatellite Q-plot, and locality information for each speci-
men. Museum abbreviations: CRCM = Charles R. Conner 
Museum, Washington State University, Pullman, Washington; 
HSU = Humboldt State University Vertebrate Museum, Arcata, 
California; LSUMZ = Louisiana State University Museum of 
Natural Science, Baton Rouge, Louisiana; UAM = University 

of Alaska Museum, Fairbanks, Alaska; UMMZ = University 
of Michigan Museum of Zoology, Ann Arbor, Michigan; 
UWBM = University of Washington Burke Museum, Seattle, 
Washington. BSA refers to the collector number of B. S. 
Arbogast for blood samples; there are no museum voucher 
specimens for these samples. Microsatellite Q-plot labels cor-
responding to the PC cluster of G. sabrinus in STRUCTURE 
analyses are shown in bold (actual Q-plots shown in Fig. 4). 
Locality is the name of the sampling location within the given 
state or province; latitude and longitude are reported in decimal 
degrees.

Source Unique 
identifier

 mtDNA 
clade

GenBank accession 
number

Microsatellite 
Q-plot label

Locality State or province Latitude Longitude

BSA BSA231 CON KY990218 BC73 Port Coquitlam BC 49.271239 –122.739761
BSA BSA232 CON KY990219 Port Coquitlam BC 49.271239 –122.739761
BSA BSA233 CON KY990220 BC74 Port Coquitlam BC 49.271239 –122.739761
BSA BSA234 CON KY990221 Port Coquitlam BC 49.271239 –122.739761
BSA BSA235 CON KY990222 Port Coquitlam BC 49.271239 –122.739761
BSA BSA236 CON KY990223 Port Coquitlam BC 49.271239 –122.739761
BSA BSA237 CON KY990224 BC72 Port Coquitlam BC 49.271239 –122.739761
BSA BSA238 CON KY990225 BC71 Port Coquitlam BC 49.271239 –122.739761
CRCM 06-213 CON KY990226 Latah Co. ID 46.819146 –116.674338
LSUMZ M-3013 CON KY990227 Summit Co. UT 40.878091 –110.967379
LSUMZ M-3014 CON KY990228 Summit Co. UT 40.878091 –110.967379
LSUMZ M-3442 CON KY990229 Edmonton AB 53.540941 –113.493698
LSUMZ M-3443 CON KY990230 Edmonton AB 53.540941 –113.493698
LSUMZ M-5722 CON KY990232 Webster Co. WV 38.490012 –80.4300112
LSUMZ M-5723 CON KY990233 WA19 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5724 CON KY990234 WA20 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5743 CON KY990235 Randolph Co. WV 38.794626 –79.872587
LSUMZ M-5744 CON KY990236 Pendleton Co. WV 38.794626 –79.872587
LSUMZ M-5745 CON KY990237 Pendleton Co. WV 38.669101 –79.359859
LSUMZ M-5746 CON KY990238 Pendleton Co. WV 38.669101 –79.359859
LSUMZ M-5747 CON KY990239 Pendleton Co. WV 38.669101 –79.359859
LSUMZ M-5748 CON KY990240 Mitchell Co. NC 36.010366 –82.160929
LSUMZ M-5749 CON KY990241 Carter Co. TN 36.301608 –82.129394
LSUMZ M-5750 CON KY990242 Mitchell Co. NC 36.010366 –82.160929
LSUMZ M-5751 CON KY990243 Mitchell Co. NC 36.010366 –82.160929
LSUMZ M-5752 CON KY990244 Mitchell Co NC 36.010366 –82.160929
LSUMZ M-5753 CON KY990245 Mitchell Co. NC 36.010366 –82.160929
LSUMZ M-5758 CON KY990246 Otsego Co. MI 45.02 –84.61
LSUMZ M-5760 CON KY990247 Alger Co. MI 46.449231 –86.471162
LSUMZ M-5761 CON KY990248 Mackinac Co. MI 46.054194 –85.04829
LSUMZ M-3444 CON KY990231 Edmonton AB 53.540941 –113.4937
UAM 24034 CON KY990250 Helm Bay AK 55.75 –132
UAM 24040 CON KY990251 Revillagigedo Is. AK 55.34 –131.64
UAM 29010 CON KY990252 Helm Bay AK 55.75 –132
UAM 29012 CON KY990253 Helm Bay AK 55.75 –132
UAM 29864 CON KY990254 Gold Run Creek AK 64.41 –146.35
UAM 31912 CON KY990255 St. James Bay AK 58.57 –135.15
UAM 32785 CON KY990256 Ester AK 64.84 –148.01
UAM 33024 CON KY990257 Mitkof Is. AK 56.63 –132.91
UAM 34147 CON KY990258 Beaver AK 66.28 –148.75
UAM 34148 CON KY990259 Beaver AK 66.28 –148.75
UAM 34151 CON KY990260 Helm Bay AK 55.75 –132
UAM 34152 CON KY990261 Helm Bay AK 55.75 –132
UAM 34153 CON KY990262 Helm Bay AK 55.75 –132
UAM 35053 CON KY990263 Chena Ridge AK 64.8 –148
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Source Unique 
identifier

 mtDNA 
clade

GenBank accession 
number

Microsatellite 
Q-plot label

Locality State or province Latitude Longitude

UAM 35054 CON KY990264 St. James Bay AK 58.57 –135.15
UAM 35055 CON KY990265 Fairbanks AK 64.33 –147.16
UAM 35056 CON KY990266 Fairbanks AK 64.33 –147.16
UAM 35140 CON KY990267 Barrier Is. AK 54.8 –132.4
UAM 35150 CON KY990268 Barrier Is. AK 54.78 –132.4
UAM 35156 CON KY990269 El Capitan AK 55.91 –133.33
UAM 35157 CON KY990270 El Capitan AK 55.91 –133.33
UAM 35158 CON KY990271 Tuxecan Is. AK 55.85 –133.28
UAM 35161 CON KY990272 Haines AK 59.26 –135.55
UAM 35346 CON KY990273 Bonanza Creek AK 64.65 –148.51
UAM 38305 CON KY990274 Orr AK 55.92 –133.41
UAM 38309 CON KY990275 Haceta Is. AK 55.79 –133.53
UAM 41588 CON KY990276 Orr AK 55.91 –133.43
UAM 47217 CON KY990277 Mitkof Is. AK 56.72 –132.92
UAM 47268 CON KY990278 Fairbanks AK 64.84 –147.72
UAM 48120 CON KY990279 Juneau AK 58.78 –134.93
UAM 48328 CON KY990280 Sumez Is. AK 55.3 –133.3
UAM 48430 CON KY990281 Sumez Is. AK 55.29 –133.29
UAM 48740 CON KY990282 Revillagigedo Is. AK 55.43 –131.63
UAM 48832 CON KY990283 Prince of Wales Is. AK 55.61 –133
UAM 49443 CON KY990284 Revillagigedo Is. AK 55.34 –131.64
UAM 49445 CON KY990285 Helm Bay AK 55.6 –131.91
UAM 49446 CON KY990286 Helm Bay AK 55.6 –131.91
UAM 49448 CON KY990287 Helm Bay AK 55.6 –131.91
UAM 49455 CON KY990288 Helm Bay AK 55.6 –131.91
UAM 50360 CON KY990289 Juneau AK 58.3 –134.4
UAM 50628 CON KY990290 Bonanza Creek AK 64.65 –148.51
UAM 50629 CON KY990291 Revillagigedo Is. AK 55.57 –131.65
UAM 51086 CON KY990292 Prince of Wales Is. AK 55.35 –132.51
UAM 51093 CON KY990293 Prince of Wales Is. AK 55.34 –132.5
UAM 51169 CON KY990294 Bond Bay AK 55.53 –131.95
UAM 51177 CON KY990295 Haceta Is. AK 55.8 –133.59
UAM 51180 CON KY990296 Kosciusko Is. AK 55.98 –133.6
UAM 51182 CON KY990297 Tuxecan Is. AK 54.9 –132.41
UAM 51396 CON KY990298 Fairbanks AK 65.34 –148.5
UAM 51397 CON KY990299 Fairbanks AK 64.84 –147.72
UAM 53725 CON KY990300 Prince of Wales Is. AK 56.11 –133.13
UAM 53845 CON KY990301 Etolin AK 56.18 –132.41
UAM 54554 CON KY990302 Helm Bay AK 55.62 –131.96
UAM 54555 CON KY990303 Helm Bay AK 55.62 –131.96
UAM 54612 CON KY990304 Chena Hot Sp. Rd. AK 64.83 –147.71
UAM 54640 CON KY990305 Juneau AK 58.3 –134.4
UAM 64111 CON KY990306 Mitkof Is. AK 56.65 –132.9
UAM 68888 CON KY990307 Wrangell AK 56.16 –132.13
UAM 68890 CON KY990308 Helm Bay AK 55.61 –131.95
UAM 68891 CON KY990309 Helm Bay AK 55.61 –131.95
UAM 68892 CON KY990310 Helm Bay AK 55.61 –131.95
UAM 68893 CON KY990311 Helm Bay AK 55.61 –131.95
UAM 70849 CON KY990312 Tuxecan Is. AK 55.87 –133.29
UAM 71315 CON KY990313 Rudyard Bay AK 55.55 –130.85
UAM 73581 CON KY990314 Atlin Lake BC 59.58 –133.78
UAM 73582 CON KY990315 Atlin Lake BC 59.58 –133.78
UAM 73583 CON KY990316 BC40 Pressy Lake BC 51.36 –121.03
UAM 73584 CON KY990317 BC41 Turans Lake BC 51.23 –121.58
UAM 73585 CON KY990318 BC42 Ruth Lake BC 51.83 –121.06
UAM 73586 CON KY990319 BC43 Ruth Lake BC 51.83 –121.06
UAM 73587 CON KY990320 BC44 Ruth Lake BC 51.83 –121.06
UAM 73588 CON KY990321 Atlin Lake BC 59.58 –133.78
UAM 73589 CON KY990322 Atlin Lake BC 59.58 –133.78
UAM 73590 CON KY990323 BC47 Maze Lake BC 51.93 –121.66
UAM 73591 CON KY990324 BC48 Enterprise Lake BC 51.73 –121.63
UAM 73592 CON KY990325 BC49 Muench Lake BC 51.73 –121.63
UAM 73593 CON KY990326 BC50 Muench Lake BC 51.73 –121.61
UAM 73594 CON KY990327 BC51 Helena Lake BC 51.8 –121.68
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Source Unique 
identifier

 mtDNA 
clade

GenBank accession 
number

Microsatellite 
Q-plot label

Locality State or province Latitude Longitude

UAM 73595 CON KY990328 BC52 Muench Lake BC 51.73 –121.63
UAM 73596 CON KY990329 BC53 Alocin Creek BC 50.03 –119.93
UAM 73599 CON KY990330 Stack Creek BC 55 –123
UAM 73600 CON KY990331 Island Lake BC 53.93 –125.33
UAM 73601 CON KY990332 Llgitiyuz Lake BC 53.82 –125.65
UAM 73602 CON KY990333 Binta Lake BC 53.87 –125.47
UAM 73603 CON KY990334 Uncha Lake BC 53.91 –125.609999
UAM 73604 CON KY990335 BC61 Jim Lake BC 51.4 –121.11
UAM 73605 CON KY990336 BC62 Alocin Creek BC 50.03 –119.93
UAM 73607 CON KY990337 BC64 Alocin Creek BC 50.03 –119.93
UAM 73608 CON KY990338 Uncha Lake BC 53.91 –125.61
UAM 73609 CON KY990339 Misinchinka River BC 55.1 –122.95
UAM 73610 CON KY990340 BC67 Mellin Creek BC 50.15 –120.11
UAM 73611 CON KY990341 Island Lake BC 53.93 –125.33
UAM 73612 CON KY990342 Uncha Lake BC 53.91 –125.61
UAM 117925 CON KY990249 Binta Lake BC 53.87 –125.47
UWBM 49067 CON KY990343 Okanogan Co. WA 48.720692 –120.670105
UWBM 49070 CON KY990344 Okanogan Co. WA 48.720692 –120.670105
UWBM 49071 CON KY990345 Okanogan Co. WA 48.720692 –120.670105
UWBM 74290 CON KY990346 WA17 Thurston Co. WA 46.930814 –122.827012
UWBM 74294 CON KY990347 Thurston Co. WA 46.930814 –122.827012
HSU VM2549 PC KY990348 Plumas Co. CA 39.992704 –120.803947
HSU VM2550 PC KY990349 Plumas Co. CA 39.992704 –120.803947
HSU VM2555 PC KY990350 Plumas Co. CA 39.992704 –120.803947
HSU VM2556 PC KY990351 Plumas Co. CA 39.992704 –120.803947
HSU VM2557 PC KY990352 Plumas Co. CA 39.992704 –120.803947
HSU VM2558 PC KY990353 Plumas Co. CA 39.992704 –120.803947
LSUMZ M-5725 PC KY990354 WA51 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5726 PC KY990355 WA50 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5727 PC KY990356 WA30 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5729 PC KY990357 WA52 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5730 PC KY990358 WA55 Snohomish Co. WA 48.039773 –121.702276
LSUMZ M-5731 PC KY990359 WA56 Snohomish Co. WA 48.039773 –121.702276
LSUMZ M-5732 PC KY990360 OR39 Douglas Co. OR 43.290209 –123.180476
LSUMZ M-5733 PC KY990361 OR38 Douglas Co. OR 43.290209 –123.180476
LSUMZ M-5734 PC KY990362 OR35 Douglas Co. OR 43.290209 –123.180476
LSUMZ M-5735 PC KY990363 OR36 Douglas Co. OR 43.290209 –123.180476
LSUMZ M-5736 PC KY990364 OR37 Douglas Co. OR 43.290209 –123.180476
LSUMZ M-5737 PC KY990365 Douglas Co. OR 43.290209 –123.180476
LSUMZ M-5738 PC KY990366 WA53 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5739 PC KY990367 WA49 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5740 PC KY990368 WA54 Pierce Co. WA 47.047538 –122.106095
LSUMZ M-5742 PC KY990369 San Bernardino Co. CA 34.108345 –117.289765
UAM 35057 PC KY990370 Lewis Co. WA 46.583532 –122.406549
UAM 35106 PC KY990371 Kittitas Co. WA 47.120854 –120.678722
UAM 73597 PC KY990372 BC54 Alocin Creek BC 50.03 –119.93
UAM 73598 PC KY990373 BC55 Alocin Creek BC 50.03 –119.93
UAM 73606 PC KY990374 BC63 Alocin Creek BC 50.03 –119.93
UMMZ UM79755 PC KY990375 San Bernardino Co. CA 34.108345 –117.289765
UMMZ UM79756 PC KY990376 San Bernardino Co. CA 34.108345 –117.289765
UMMZ UM79759 PC KY990377 San Bernardino Co. CA 34.108345 –117.289765
UMMZ UM79761 PC KY990378 San Bernardino Co. CA 34.108345 –117.289765
UMMZ UM79763 PC KY990379 San Bernardino Co. CA 34.108345 –117.289765
UMMZ UM79764 PC KY990380 San Bernardino Co. CA 34.108345 –117.289765
UWBM 74171 PC KY990381 WA35 Skamania Co. WA 46.028144 –121.909277
UWBM 74214 PC KY990382 Skamania Co. WA 46.028144 –121.909277
UWBM 74287 PC KY990383 WA36 Thurston Co. WA 46.930814 –122.827012
UWBM 74288 PC KY990384 WA34 Thurston Co. WA 46.930814 –122.827012
UWBM 74289 PC KY990385 WA37 Thurston Co. WA 46.930814 –122.827012
UWBM 74291 PC KY990386 WA38 Thurston Co. WA 46.930814 –122.827012
UWBM 74292 PC KY990387 WA39 Thurston Co. WA 46.930814 –122.827012
UWBM 74293 PC KY990388 WA40 Skamania Co. WA 46.028144 –121.909277
UWBM 74295 PC KY990389 WA31 Skamania Co. WA 46.028144 –121.909277
UWBM 74296 PC KY990390 WA41 Skamania Co. WA 46.028144 –121.909277
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Source Unique 
identifier

 mtDNA 
clade

GenBank accession 
number

Microsatellite 
Q-plot label

Locality State or province Latitude Longitude

UWBM 74297 PC KY990391 WA42 Skamania Co. WA 46.028144 –121.909277
UWBM 74298 PC KY990392 WA43 Skamania Co. WA 46.028144 –121.909277
UWBM 74299 PC KY990393 WA44 Skamania Co. WA 46.028144 –121.909277
UWBM 74300 PC KY990394 WA45 Skamania Co. WA 46.028144 –121.909277
UWBM 74301 PC KY990395 WA29 Skamania Co. WA 46.028144 –121.909277
UWBM 74303 PC KY990396 WA28 Skamania Co. WA 46.028144 –121.909277
UWBM 74305 PC KY990397 WA32 Skamania Co. WA 46.028144 –121.909277
UWBM 74306 PC KY990398 WA33 Skamania Co. WA 46.028144 –121.909277
UWBM 74307 PC KY990399 WA46 Skamania Co. WA 46.028144 –121.909277
UWBM 74308 PC KY990340 WA47 Thurston Co. WA 46.930814 –122.827012
UWBM 74767 PC KY990401 WA27 Jefferson Co. WA 47.794415 –123.684921
UWBM 75766 PC  KY990402 WA26 Jefferson Co. WA 47.794415 –123.684921
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