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Rocky Mountain States (Montana, Idaho, Wyoming) clus-
ter together, and wolves from Minnesota and New Mexico 
cluster on a separate branch of  the NJ tree. The same tree 
topology of  wolf  populations is obtained in NJ analyses with 
either an unrooted tree or a mid-point rooted tree, and with 
or without dogs and/or coyotes included.

Interpretations of  the PCoA and ADMIXTURE graphs 
and the NJ tree are somewhat subjective so we did a quan-
titative assessment of  the differentiation of  populations as 
indicated by Fst. Comparisons of  Fst indicate the level of  dif-
ferentiation among the locations within Southeast Alaska 
is comparable to differentiation between Southeast Alaska 
and populations from other geographic areas (Table  2). 
Differentiation among the 6 Southeast Alaska locations 
(mean Fst  =  0.1268 is not significantly different from the 
mean Fst among all of  the wolf  populations sampled across 
North America (mean Fst  =  0.1525, P  =  0.22), the mean 
Fst between Southeast Alaska and British Columbia (mean 
Fst  =  0.1195, P  =  0.79), or between Southeast Alaska and 
northern wolves (Fst  =  0.1501, P  =  0.29). The differen-
tiation among locations within Southeast Alaska is signifi-
cantly less than the differentiation of  Southeast Alaska and 
Minnesota wolves (Fst = 0.2012, P = 0.007), and of  Southeast 
Alaska and New Mexico wolves (Fst = 0.3448, P < 0.0001). 
Differentiation between wolves in GMU2 and the other 5 
Southeast Alaska locations (mean Fst = 0.1511) is not signifi-
cantly different than that among the other 5 Southeast Alaska 
locations (mean Fst = 0.1147, P = 0.36).

The other group for which intragroup and intergroup var-
iation can be compared is northern wolves. Differentiation 
of  SNP allele frequencies among locations of  the northern 

wolves (mean Fst = 0.0451) is significantly less than that within 
Southeast Alaska (Fst  =  0.1268, P  =  0.0001), between all 
wolf  populations (Fst = 0.1525, P < 0.0001), between wolves 
in Southeast Alaska and northern wolves (Fst  =  0.1501, 
P < 0.0001), between northern wolves and Minnesota wolves 
(Fst = 0.1154, P < 0.0001), between New Mexico wolves and 
northern wolves (Fst = 0.2330, P < 0.0001); and not signifi-
cantly different than the mean Fst between northern wolves 
and wolves from British Columbia (Fst = 0.0390, P = 0.63). 
This indicates that SNP differentiation among populations 
of  northern wolves is low relative to differentiation among 
areas within Southeast Alaska, and northern wolves and 
British Columbia wolves are a relatively homogeneous group.

For the comparisons of  populations with only 1 sampling 
location (i.e., no z-test because there is no mean or vari-
ance) there is relatively high Fst between Minnesota wolves 
and New Mexico wolves (Fst = 0.2527) and British Columbia 
and New Mexico wolves (Fst = 0.2219) compared with the 
Fst among all the wolves sampled across North America 
(Fst = 0.1525). These relationships are shown graphically in 
the NJ tree (Figure 4) in which wolves from Southeast Alaska 
occur in a cluster with wolves from British Columbia and 
northern wolves, while Minnesota wolves and New Mexico 
wolves cluster separately.

Discussion
In our study and others (Vaysse et al. 2011) the Illumina170K 
CanineBeadChip enabled extensive genotyping of  wolves 
and coyotes, in addition to dogs for which it was developed. 
These SNP data represent variation across the canid genome 

Figure 3.  Histogram of  ADMIXTURE analysis for K = 14 of  123 801 SNP genotypes for 431 wolves, coyotes, and dogs. 
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Table 2  Summary of  Fst values derived from 123,801 SNP genotypes among wolf, coyote, and dog populations with N > 1

Populations compared

Fst Fst Fst

Mean (SE)a Range 95% CLb

Intraspecies
  Among groups of  dogs 0.0843 (0.0350) 0.0145–0.1251 0.1509
  Among coyote locations 0.1105 (0.0211) 0.0188–0.2927 0.0453
  Among all wolf  locations 0.1525 (0.0101) 0.0124–0.3903 0.0202
Comparisons of  southeast Alaska wolves
  Among all 6 Southeast AK locations 0.1268 (0.0184) 0.0344–0.2811 0.0394
  Among 5 Southeast AK locations excluding GMU2 0.1147 (0.0225) 0.0344–0.2463 0.0508
  GMU2 versus 5 other Southeast AK locations 0.1511 (0.0326) 0.1139–0.2811 0.0904
  Southeast AK versus BC wolves 0.1195 (0.0215) 0.0607–0.1849 0.0552
  Southeast AK versus MN wolves 0.2012 (0.0206) 0.1436–0.2638 0.0529
  Southeast AK versus northern wolves (interior AK, ID, MT, WY) 0.1501 (0.0122) 0.0430–0.2441 0.0252
  Southeast AK versus NM wolves 0.3448 (0.0158) 0.2810–0.3903 0.0407
Comparisons of  North American populations
  Among northern wolves (interior AK, ID, MT, WY) 0.0451 (0.0109) 0.0124–0.0784 0.0279
  MN wolves versus northern wolves (interior AK, ID, MT, WY) 0.1154 (0.0068) 0.0981–0.1271 0.0217
  MN wolves versus NM wolves 0.2527 (N/A) N/A N/A
  Northern wolves (interior AK, ID, MT, WY) versus NM wolves 0.2330 (0.0102) 0.2065–0.2526 0.0325
Comparisons with BCc

  BC wolves versus NM wolves 0.2219 (N/A) N/A N/A
  BC wolves versus northern wolves (interior AK, ID, MT, WY) 0.0390 (0.0065) 0.0240–0.0535 0.0208
  BC wolves versus Northern Rockies wolves (ID, MT, WY) 0.0342 (0.0062) 0.0240–0.0454 0.0267
  BC wolves versus MN wolves 0.1031 (N/A) N/A N/A
Interspecies 
  Dog versus coyote 0.3198 (0.0185) 0.2061–0.5222 0.0391
  Dog versus wolf 0.3379 (0.0113) 0.2228–0.5153 0.0228
  Wolf  versus coyote 0.2790 (0.0111) 0.0817–0.4480 0.0221

aMean (and standard error) values of  pairwise Fst (Supplementary Table 3 online) of  the groups identified in Table 1 with N > 1.
b95% Confidence level of  the mean.
cBC (British Columbia).

Figure 4.  Neighbor-Joining tree of  pairwise Fst values derived from 123 801 SNP genotypes among wolf, coyote, and dog 
populations identified in Table 1 with N > 1.
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including coding and noncoding regions, synonymous and 
nonsynonymous substitutions, and not specifically gene 
regions that are under selection or selectively neutral. We 
found greater heterozygosity in dogs than in wolves or coy-
otes, which may be because of  ascertainment bias. The SNP 
were discovered in comparisons of  dog breeds and may be 
biased against wolf-specific SNP (Vaysse et al. 2011). Other 
assays of  SNP developed in dogs had similar levels of  vari-
ation in dog, wolf, and coyote but lower variation in more 
distantly related canids (vonHoldt et al. 2011). The levels of  
observed heterozygosity we report (Table 1) are comparable 
to those for wolves (0.12–0.25) and coyotes (0.14–0.20) and 
higher than those for dogs (0.24) reported by vonHoldt et al. 
(2011) for 48 036 SNP. The New Mexico wolves we sam-
pled have low heterozygosity compared with other wolves, 
perhaps reflecting their origin from only 7 founding animals 
(Hedrick and Fredrickson 2008); and Maine and Connecticut 
coyotes have high heterozygosity compared with other coy-
otes, perhaps reflecting their mixed coyote–wolf  ancestry 
(Kays et al. 2010). Among the Southeast Alaska wolves, those 
from GMU1D had the highest heterozygosity suggesting 
that SNP variation was adequately represented there despite 
a sample size of  N = 2.

Interspecies Relationships

Phylogenetic analyses show that dogs and wolves share a 
more recent common ancestry than either does with coyotes 
(Bardeleben et al. 2005; vonHoldt et al. 2011; Wayne and von-
Holdt 2012). However, there are contrasting relationships of  
these 3 species depending on the genetic markers and analy-
sis used. For example, our SNP data resulted in a NJ tree 
(Figure 4) in which dogs cluster with coyotes separately from 
wolves. Phylogenetic analyses of  6 nuclear gene sequences 
also group dogs and coyotes separately from wolves (Figure 1 
of  Bardeleben et al. 2005) while PCoA of  94 SNP genotypes 
showed wolf  and coyote overlapping in a cluster separate 
from dogs (Figure  3 of  Gray et  al. 2010). In contrast, NJ 
analysis of  individual animal genetic distances derived from 
SNP (Supplementary Figure 5 online, vonHoldt et al. 2010), 
microsatellite genetic distances (García-Moreno et al. 1996), 
and phylogenetic analysis of  mtDNA and nuclear gene 
sequences (Vilà et al. 1997, 1999; Bardeleben et al. 2005; Gray 
et al. 2010; Wayne and vonHoldt 2012) show that wolves and 
dogs cluster together, separately from coyotes. This indicates 
that caution is advisable when interpreting genetic relation-
ships with molecular markers.

Wolves, coyotes, and dogs are known to hybridize in cap-
tivity and the wild (e.g., Vilá et al. 1997; Wayne and Vilá 2003; 
Hailer and Leonard 2008; Kays et  al. 2010; Monzón et  al. 
2014). Assessment of  interspecies hybridization is beyond 
the scope of  our study, but we note that the coyotes in the 
northeast United States (i.e., Maine and Connecticut) have 
relatively low probability in the ADMIXTURE cluster 6 that 
has a high probability for all of  the other coyote populations 
(Supplementary Table 2 online), and they cluster separately 
from other coyotes in the NJ tree (Figure 4) and PCoA graph 
(Supplementary Figure 3 online). This may be due to some 

wolf  ancestry in northeast US coyotes due to hybridization 
(Kays et al. 2010; Monzón et al. 2014).

Variation Within Southeast Alaska

Wolves in Southeast Alaska are not a genetically homoge-
neous group and there is as much or more genetic differ-
entiation among locations within Southeast Alaska as there 
is between other areas (Table 2). This includes significantly 
more differentiation among areas in Southeast Alaska than 
among populations of  northern wolves in interior Alaska 
and the northern Rocky Mountain states. This pattern is 
likely due to the recent post-glacial colonization of  Southeast 
Alaska, and island and mountainous geography resulting 
in limited gene flow within Southeast Alaska and between 
Southeast Alaska and other regions (Weckworth et al. 2005, 
2010, 2011; Carmichael et al. 2007, 2008).

The SNP variation among locations in Southeast Alaska 
shows different relationships, depending on the analysis 
used. For example, in the PCoA graph and NJ tree (Figures 
2 and 4) GMU3 and GMU2 appear closely related, while 
wolves from these locations predominate in different clus-
ters in the ADMIXTURE analysis (Figure 3). These differ-
ences reflect the different assumptions and characteristics 
of  each method. However, the mean Fst between the wolves 
in GMU2 and the other 5 Southeast Alaska locations is not 
significantly different than the mean Fst among the other 5 
locations. This indicates that although the wolves in GMU2 
show a degree of  differentiation (Weckworth et  al. 2005) 
they are not particularly differentiated compared to the over-
all differentiation among the Southeast Alaska locations and 
our genetic data do not support the proposal that wolves 
in GMU2 are a distinct population segment (CBD 2011; 
USFWS 2014). In the PCoA and ADMIXTURE graphs the 
4 GMU on the Southeast Alaska mainland (1A, 1B, 1C, 1D) 
overlap and GMU1A and GMU1B overlap with GMU2 and 
GMU3 indicating some level of  gene flow and/or recent 
common ancestry among all of  the areas in Southeast Alaska. 
These genetic data combined with data on demographics and 
movements can help managers understand the relationships 
of  wolves in Southeast Alaska.

Variation of Wolves in Southeast Alaska and Other 
Geographic Areas

There is considerable differentiation of  SNP allele frequen-
cies between wolves in Southeast Alaska and wolves in other 
areas. However, the PCoA, NJ, and ADMIXTURE analyses 
indicate relatively low differentiation of  wolves in north-
ern Southeast Alaska (GMU1C and GMU1D) and British 
Columbia and interior Alaska, as observed for microsatel-
lites (Carmichael et  al. 2008). This suggests that Southeast 
Alaska may have been colonized by and/or have gene flow 
with wolves from areas to the north and east, as well as the 
south (Klein 1965; Cook et al. 2006; Weckworth et al. 2005, 
2010). There is also relatively low differentiation of  wolves 
in British Columbia and northern wolves, including wolves 
in the northern US Rocky Mountains that originated from 
transplants of  northern wolves from British Columbia and 
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Alberta (Forbes and Boyd 1996, 1997). The SNP data indi-
cate that wolves in Minnesota and New Mexico have rela-
tively high allele frequency differentiation from other wolf  
populations, consistent with other SNP data (vonHoldt et al. 
2011).

Taxonomy and Management

The subspecies taxonomy of  wolves in Southeast Alaska is 
uncertain as some authors (Nowak 1995, 2002; Chambers 
et al. 2012) suggest wolves in Southeast Alaska and coastal 
British Columbia are C. l. nubilus (Figure 1), while others also 
use C. l. ligoni for wolves in this area (Weckworth et al. 2005, 
2010, 2011; MacDonald and Cook 2009). C. l. ligoni has been 
proposed as an endangered subspecies in Southeast Alaska 
(CBD 2011; USFWS 2014), so this designation has important 
implications for both taxonomy and management. In this 
regard it is important to acknowledge that subspecies des-
ignations, including those of  wolves, are generally subjective 
(Wayne and Vilá 2003; Zink 2004; Cronin 2006; Cronin and 
Mech 2009). It is also important to note that our analysis of  
allele frequency differentiation with clustering algorithms is 
not a phylogenetic analysis (Felsenstein 1982). Allele frequen-
cies vary due to population genetic factors (mutation, drift, 
selection, gene flow), and not necessarily phylogeny. Because 
taxonomy is based on phylogeny (Mayr 1982; Avise and Ball 
1990), such analyses may not be applicable to formal taxo-
nomic designations. However, SNP data can provide relevant 
information regarding the extent of  gene flow and ancestry 
of  populations and hence aid in assessment of  species and 
subspecies phylogeny (Decker et  al. 2009, 2014; vonHoldt 
et al. 2011).

Our results and others show that wolves in Southeast 
Alaska differ in allele frequencies from wolves in other 
regions but do not comprise a homogeneous population 
and have recently colonized the region and/or have gene 
flow with other areas (Weckworth et  al. 2005, 2010, 2011; 
Carmichael et al. 2007, 2008; Knowles 2010). MtDNA haplo-
type frequencies of  wolves in Southeast Alaska also indicate a 
degree of  isolation, but the haplotypes are not monophyletic 
and haplotypes of  wolves in Southeast Alaska also occur in 
other areas (Leonard et al. 2005; Muñoz-Fuentes et al. 2009, 
2010, Weckworth et al. 2010; Chambers et al. 2012). North 
American wolves in general have small sequence divergence 
of  mtDNA haplotypes, a general lack of  phylogeographic 
structure, and common episodes of  isolation and admixture 
which is not surprising in a species that commonly disperses 
hundreds of  kilometers (Vilà et al. 1999). These results indi-
cate that wolves in Southeast Alaska are not a genetically 
isolated or monophyletic population, and do not support a 
subspecies designation of  wolves in Southeast Alaska. Our 
data and those of  vonHoldt et al. (2011) also show SNP dif-
ferentiation of  Mexican wolves (C. l. baileyi) from other North 
American wolves. However, extant and historic samples show 
that Mexican wolves lack mtDNA monophyly, share haplo-
types with wolves in other areas and with coyotes, (Leonard 
et  al. 2005; Hailer and Leonard 2008), and extant Mexican 
wolves came from only 7 founders that may have included 

dog ancestry (although genetic data indicate this is improb-
able and/or of  small genetic importance, García-Moreno 
et al. 1996; Hedrick et al. 1997). These factors indicate that 
designation of  a Mexican wolf  subspecies is of  questionable 
validity. Indeed, North American wolf  subspecies in general 
are questionable and have been described as arbitrary, typo-
logical, and an intergrading series of  populations (Wayne and 
Vilá 2003 and references therein).

These observations for wolves indicate that it is worth 
heeding the admonition of  Wilson and Brown (1953) that 
populations be designated by geographic area instead of  sub-
jective subspecies. This would make taxonomy more rigorous 
and has practical applications. Consider recent findings that 
several subspecies listed under the US Endangered Species 
Act are not supported by genetic data, including the coastal 
California gnatcatcher (Polioptila californica californica, Zink et al. 
2013), the Preble’s meadow jumping mouse (Zapus hudsonius 
preblei, Malaney and Cook 2013), the wood bison (Bison bison 
athabascae, Cronin et  al. 2013), and the wolf  subspecies dis-
cussed above. This indicates there is unwarranted taxonomic 
inflation of  wildlife subspecies designations similar to unwar-
ranted species designations (Zachos et al. 2013). For wildlife 
management the traditional use of  geographic populations as 
management units, such as the GMU designations for wolf  
populations in Alaska, is more appropriate than subspecies. 
The scientific rigor of  population genetics, systematics, and 
taxonomy, and their application to management and conser-
vation, would be enhanced by implementation of  this practice.

Supplementary Material
Supplementary material can be found at http://www.jhered.
oxfordjournals.org/.

Funding
State of  Alaska Department of  Fish and Game (8424 fund 
337414 and 8704 fund 337729).

Acknowledgments
Samples were provided by D. Vincent-Lang, A. Crupi, and 
D. Larson, Alaska Department of  Fish and Game; M. Dwire, 
S. Barrett, J. Oakleaf, and S. Fain, US Fish and Wildlife Service; 
D. Sinnett, US Department of  Agriculture; S. Haskell, Maine 
Department of  Wildlife and Inland Fisheries; J. Heffelfinger 
and R. Day, Arizona Department of  Game and Fish; D. D. 
Hawk and C. Smith, Wyoming Game and Fish Department; 
C. Humpal, M. Carstensen, and J. Erb, Minnesota Department 
of  Natural Resources; C. Parmenter and J. Cook, University 
of  New Mexico Museum of  Southwestern Biology; D. Hatler, 
British Columbia Trappers Association; C.L. Remington, 
Yale University (deceased), D. Watson, City of  Craig, Alaska; 
S. R. Johnson, and C. Rossi. N. Vu assisted with laboratory 
analyses, R. Cockrum and V. Leesburg helped with data anal-
ysis, and J. Thomson and S. Kalinowski provided laboratory 

 by guest on January 13, 2015
http://jhered.oxfordjournals.org/

D
ow

nloaded from
 

http://www.jhered.oxfordjournals.org/
http://www.jhered.oxfordjournals.org/
http://jhered.oxfordjournals.org/


Cronin et al. • Wolf, Coyote, Dog SNP Variation

35

facilities at Montana State University. L. D. Mech provided 
useful insights on wolf  and coyote biology, B. vonHoldt pro-
vided insights on canid SNP data, and 3 anonymous review-
ers provided constructive comments on the manuscript.

References
Alexander DH, Novembre J, Lange K. 2009. Fast model-based estimation 
of  ancestry in unrelated individuals. Genome Res. 19:1655–1664.

Avise JC, Ball RM Jr. 1990. Principles of  genealogical concordance in 
species concepts and biological taxonomy. Oxford Survey Evol Biol. 
7:45–67.

Bardeleben C, Moore RL, Wayne RK. 2005. A molecular phylogeny of  the 
Canidae based on six nuclear loci. Mol Phylogenet Evol. 37:815–831.

Brown SK, Pedersen NC, Jafarishorijeh S, Bannasch DL, Ahrens KD, 
Wu JT, Okon M, Sacks BN. 2011. Phylogenetic distinctiveness of  Middle 
Eastern and Southeast Asian village dog Y chromosomes illuminates dog 
origins. PLoS One. 6:e28496.

Carmichael LE, Krizan J, Nagy JA, Fuglei E, Dumond M, Johnson D, Veitch 
A, Berteaux D, Strobeck C. 2007. Historical and ecological determinants of  
genetic structure in arctic canids. Mol Ecol. 16:3466–3483.

Carmichael LE, Krizan J, Nagy JA, Dumond M, Johnson D, Veitch A, 
Strobeck C. 2008. Northwest passages: conservation genetics of  Arctic 
island wolves. Conserv Genetics. 9:879–892.

CBD. 2011. Petition to list the Alexander Archipelago wolf  (Canis lupus ligoni) 
as threatened or endangered under the United States Endangered Species 
Act. Center for Biological Diversity and Greenpeace, Petitioner, August 10, 
2011. http://www.biologicaldiversity.org/species/mammals/Alexander_
Archipelago_wolf/pdfs/AA_Wolf_ESA_Petition_10-Aug-2011.pdf.

Chakraborty R, Fuerst PA, Nei M. 1980. Statistical Studies on Protein 
Polymorphism in Natural Populations. III. Distribution of  Allele Frequencies 
and the Number of  Alleles per Locus. Genetics. 94:1039–1063.

Chambers SM, Fain SR, Fazio B, Amaral M. 2012. An account of  the taxon-
omy of  North American wolves from morphological and genetic analyses. 
North American Fauna. 77:1–67.

Clark RL, Templeton AR, Sing CF. 1981. Studies of  Enzyme Polymorphisms 
in the Kamuela Population of  D. MERCATORUM. I. Estimation of  the 
Level of  Polymorphism. Genetics. 98:597–611.

Cook JA, Dawson NG, MacDonald SO. 2006. Conservation of  highly frag-
mented systems: The north temperate Alexander Archipelago. Biol Conserv. 
133:1–15.

Cronin MA. 2006. A Proposal to eliminate redundant terminology for intra-
species groups. Wildl Soc Bull. 34:237–241.

Cronin MA, Mech LD. 2009. Problems with the claim of  ecotype and taxon 
status of  the wolf  in the Great Lakes region. Mol Ecol. 18:4991–3.

Cronin MA, MacNeil MD, Vu N, Leesburg V, Blackburn H, Derr J. 2013. 
Genetic variation and differentiation of  bison (Bison bison) subspecies and 
cattle (Bos taurus) breeds and subspecies. J Hered. 104:500–509.

Decker JE, Pires JC, Conant GC, McKay SD, Heaton MP, Chen K, Cooper 
A, Vilkki J, et al. 2009. Resolving the evolution of  extant and extinct rumi-
nants with high-throughput phylogenomics. Proc Natl Acad Sci USA. 
106:18644–18649.

Decker JE, McKay SD, Rolf  MM, Kim J,Alcalá AM, Sonstegard TS, Hanotte 
O, Götherström A, et al. 2014. Worldwide patterns of  ancestry, divergence, 
and admixture in domesticated cattle. PLoS Genet. 10:e1004254.

Felsenstein J. 1982. How can we infer geography and history from gene fre-
quencies? J Theor Biol. 96:9–20.

Felsenstein, J. 2004. PHYLIP (Phylogeny Inference Package) version 3.6. 
Seattle (WA): Department of  Genome Sciences, University of  Washington.

Forbes SH, Boyd DK. 1996. Genetic variation of  naturally colonizing wolves 
in the central Rocky Mountains. Conserv Biol. 10:1082–1090.

Forbes SH, Boyd DK. 1997. Genetic structure and migration in native 
and reintroduced Rocky Mountain wolf  populations. Conserv Biol. 
11:1226–1234.

García-Moreno J, Matocq MD, Roy RS, Geffen E, Wayne RK. 1996. 
Relationships and genetic purity of  the endangered Mexican wolf  based on 
analysis of  microsatellite loci. Conserv Biol. 10:376–389.

Gray MM, Sutter NB, Ostrander EA, Wayne RK. 2010. IGF1 haplotyping 
supports a Middle Eastern Origin for small dogs. BMC Biol. 8:16.

Hailer F, Leonard JA. 2008. Hybridization among three native North 
American Canis species in a region of  natural sympatry. PLoS One. 3:e333.

Hall, ER. 1981. The mammals of  North America. 2nd ed. Vol. II. New York: 
Wiley.

Hedrick PW, Fredrickson RJ. 2008. Captive breeding and the reintroduction 
of  Mexican and red wolves. Mol Ecol. 17:344–350.

Hedrick PW, Miller PS, Geffen E, Wayne R. 1997. Genetic evaluation of  the 
three captive Mexican wolf  lineages. Zoo Biology. 16:47–69.

Honeycutt RL. 2010. Unraveling the mysteries of  dog evolution. BMC Biol. 
8:20.

Kays R, Curtis A, Kirchman JJ. 2010. Rapid adaptive evolution of  northeast-
ern coyotes via hybridization with wolves. Biol Lett. 6:89–93.

Klein DR. 1965. Post glacial distribution patterns of  mammals in the south-
ern coastal regions of  Alaska. Arctic. 10:7–10.

Knowles JC. 2010. Population genomics of  North American grey wolves 
(Canis lupus). [Master’s Thesis]. [Edmonton (AB)]: University of  Alberta.

Kurtén B, Anderson E. 1980. Pleistocene mammals of  North America. New 
York: Columbia University Press.

Leonard JA, Vilà C, Wayne RK. 2005. Legacy lost: genetic variability and pop-
ulation size of  extirpated US grey wolves (Canis lupus). Mol Ecol. 14:9–17.

MacDonald SO, Cook JA. 2009. Recent mammals of  Alaska. Fairbanks 
(AK): University of  Alaska Press.

Malaney JL, Cook JA. 2013. Using biogeographical history to inform 
conservation: the case of  Preble’s meadow jumping mouse. Mol Ecol. 
22:6000–6017.

Mayr E. 1982. The growth of  biological thought. Cambridge (MA): Harvard 
University Press.

Monzón J, Kays R, Dykhuizen DE. 2014. Assessment of  coyote-wolf-
dog admixture using ancestry-informative diagnostic SNPs. Mol Ecol. 
23:182–197.

Muñoz-Fuentes V, Darimont CT, Wayne RK, Paquet PC, Leonard JA. 2009. 
Ecological factors drive differentiation in wolves from British Columbia. J 
Biogeogr. 36:1516–1531.

Muñoz-Fuentes V, Darimont CT, Paquet PC, Leonard JA. 2010. The genetic 
legacy of  extirpation and re-colonization in Vancouver Island Wolves. 
Conserv Genetics. 11:547–556.

Nowak RM. 1979. North American Quaternary Canis. Monograph of  the 
Museum of  Natural History University of  Kansas. 6:1–154.

Nowak RM.1995. Another look at wolf  taxonomy. In: Carbyn LN, Fritts SH, 
Seip DR, editors. Ecology and conservation of  wolves in a changing world. 
Canadian Circumpolar Institute, Occasional Publication No. 35. p. 375–398.

Nowak RM. 2002. The original status of  wolves in eastern North America. 
Southeastern Naturalist. 1:95–130.

Orloci L. 1978. Multivariate analysis in vegetation research. The Hague (The 
Netherlands): W. Junk.

Ramey RR, Liu H-P, Epps CW, Carpenter LM, Wehausen JD. 2005. Genetic 
relatedness of  the Preble’s meadow jumping mouse (Zapus hudsonius preblei) 
to nearby subspecies of  Z.  hudsonius as inferred from variation in cranial 

 by guest on January 13, 2015
http://jhered.oxfordjournals.org/

D
ow

nloaded from
 

http://www.biologicaldiversity.org/species/mammals/Alexander_Archipelago_wolf/pdfs/AA_Wolf_ESA_Petition_10-Aug-2011.pdf
http://www.biologicaldiversity.org/species/mammals/Alexander_Archipelago_wolf/pdfs/AA_Wolf_ESA_Petition_10-Aug-2011.pdf
http://jhered.oxfordjournals.org/


Journal of Heredity

36

morphology, mitochondrial DNA and microsatellite DNA: implications for 
taxonomy and conservation. Anim Conserv. 8:329–346.

Rincon G, Tengvall K, Belanger JM, Lagoutte L, Medrano JF, André C, Thomas 
A, Lawley CT, Hansen ST, Lindblad-Toh K,Oberbauer AM . 2011. Comparison 
of  buccal and blood-derived canine DNA, either native or whole genome ampli-
fied, for array-based genome-wide association studies. BMC Res Notes. 4:226.

Saitou N, Nei M. 1987. The neighbor-joining method: a new method for 
reconstructing phylogenetic trees. Mol Biol Evol. 4:406–425.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 2011. 
MEGA5: molecular evolutionary genetics analysis using maximum likelihood, 
evolutionary distance, and maximum parsimony methods. Mol Biol Evol. 
28:2731–2739.

USFWS. 2014. 90 day finding on a petition to List the Alexander Archipelago 
Wolf  as threatened or endangered. Federal Register 79:17993–17995. U.S. 
Fish and Wildlife Service. 31 March 2014.

Vaysse A, Ratnakumar A, Derrien T, Axelsson E, Rosengren Pielberg G, Sigurdsson 
S, Fall T, et al. 2011. Identification of  genomic regions associated with phenotypic 
variation between dog breeds using selection mapping. PLoS Genet. 7:e1002316.

Vilà C, Savolainen P, Maldonado JE, Amorim IR, Rice JE, Honeycutt RL, 
Crandall KA, Lundeberg J, Wayne RK. 1997. Multiple and ancient origins of  
the domestic dog. Science. 276:1687–1689.

Vilà C, Amorim IR, Leonard JA, Posada D, Castroviejo J, Petrucci-Fonseca 
F, Crandall KA, Ellegren H, Wayne RK. 1999. Mitochondrial DNA phylo-
geography and population history of  the grey wolf  Canis lupus. Mol Ecol. 
8:2089–2103.

vonholdt BM, Pollinger JP, Lohmueller KE, Han E, Parker HG, Quignon 
P, Degenhardt JD, Boyko AR, et  al. 2010. Genome-wide SNP and haplo-
type analyses reveal a rich history underlying dog domestication. Nature. 
464:898–903.

vonHoldt BM, Pollinger JP, Earl DA, Knowles JC, Boyko AR, Parker 
H, Geffen E, Pilot M, et  al. 2011. A genome-wide perspective on the 
evolutionary history of  enigmatic wolf-like canids. Genome Res. 
21:1294–1305.

Wayne RK, Vilà C. 2003. Molecular genetic studies of  wolves. In: Mech LD, 
Boitani L, editors. Wolves: behavior, ecology, and conservation. Chicago (IL):  
University of  Chicago Press. p. 218–238.

Wayne RK, vonHoldt BM. 2012. Evolutionary genomics of  dog domestica-
tion. Mamm Genome. 23:3–18.

Weckworth BV, Talbot S, Sage GK, Person DK, Cook J. 2005. A signal 
for independent coastal and continental histories among North American 
wolves. Mol Ecol. 14:917–931.

Weckworth BV, Talbot SL, Cook JA. 2010. Phylogeography of  wolves (Canis 
lupus) in the Pacific Northwest. J Mammal. 91: 363–375.

Weckworth BV, Dawson NG, Talbot SL, Flamme MJ, Cook JA. 2011. Going 
coastal: shared evolutionary history between coastal British Columbia and 
Southeast Alaska wolves (Canis lupus). PLoS One. 6:e19582.

Weir BS, Cockerham CC. 1984. Estimating F-Statistics for the Analysis of  
Population Structure. Evolution. 38:1358–1370.

Wilson EO, Brown WL. 1953. The subspecies concept and its taxonomic 
applications. Syst Zool. 2:97–122.

Zachos RE, Apollonio M, Bärmann EV, Festa-Bianchet M, Göhlich U, 
Habel JC, Haring E, Kruckenhauser L, et  al. 2013. Species inflation and 
taxonomic artefacts-A critical comment on recent trends in mammalian clas-
sification. Mamm Biol. 78:1–6.

Zink RM. 2004. The role of  subspecies in obscuring avian biological 
diversity and misleading conservation policy. Proc Royal Soc Lond B. 
271:561–564.

Zink RM, Groth JG, Vazquez-Miranda H, Barrowclough GF. 2013. 
Phylogeography of  the California gnatcatcher (Polioptila californica) using 
multilocus DNA sequences and ecological niche modeling: Implications for 
conservation. The Auk. 130:449–458.

Received June 18, 2014; First decision August 1, 2014;  
Accepted October 7, 2014

Corresponding Editor: Elaine Ostrander

 by guest on January 13, 2015
http://jhered.oxfordjournals.org/

D
ow

nloaded from
 

http://jhered.oxfordjournals.org/

