
ST ¼ 38.76%). Although a signiÞcant
amount of genetic differentiation was detected between populations on the 2 disjunct distributions of gypsum
deposits, Analysis with the program Migrate suggested high levels of asymmetric gene ßow among some
populations. Our results provide a greater understanding of the population dynamics of western big-eared bats on
the periphery of their range and highlight the importance of continued monitoring and study of this taxon.

Key words: big-eared bat,Corynorhinus, microsatellites, mitochondrial DNA conservation, Oklahoma, phylogeography

Understanding ecology, behavior, and population structure
of a species is essential to its proper management and con-
servation (Moritz 1994). Unfortunately, these types of data are
difÞcult to obtain for most species. It also is difÞcult to deÞne
populations a priori for most organisms, and if population
delineations are incorrectly identiÞed, false information about
the biology of the species can result (Burland and Worthington
Wilmer 2001; Pearse and Crandall 2004). Fortunately, recent
advances in molecular genetic techniques and statistical

analyses provide new approaches to obtain data critical for
understanding the biology of species and thus improving
management and conservation programs.

Because of their nocturnal and volant nature, it often is
difÞcult to delineate population boundaries of bats (Mammalia:
Chiroptera) a priori. Recent studies have shown that barriers to
dispersal exist even though many species of bats are capable of
ßying long distances. The greater mouse-eared bat (Myotis
myotis) is widely distributed throughout much of Europe
and the Middle East (Arlettaz et al. 1997; Benda and Hora«cÿek
1995) and is capable of covering several hundred kilometers
annually between summer and winter roosts (Hora



central and southeastern Colorado, New Mexico, and western
Oklahoma and was in agreement with results described above,
corresponding toC. t. pallescens(Figs. 2 and 3). The 4 hap-
lotypes (EÐH) from western Oklahoma are most closely related
to each other and then next most closely related to haplotypes
found in the southeasternmost county of Colorado (Baca
County). This clade was well supported (bootstrap support¼
75%) in the phylogenetic analysis based on maximum-
likelihood distances (Fig. 2). The remaining 3 unconnected
networks corresponded to individuals representingC. t.
townsendii(Figs. 2 and 3).

Rooting our analyses withC. t. ingens, estimates of time to
most recent common ancestor from the BEAST analysis

indicated that most widely distributed subspecies,C. t.
townsendii, diverged approximately 52,480 years ago (95%
CI ¼ 41,190Ð64,140 years ago), the geographically most
restricted subspecies,C. t. pallescensdiverged approximately
18,630 years ago (95%CI ¼ 12,350Ð22,530 years ago), and,
Þnally, the most southerly distributed subspecies,C. t.
australis, diverged approximately 12,840 years ago (95%
CI ¼ 6,415Ð19, 880 years ago).

Microgeographic genetic variation.—Of the 4 haplotypes
(EÐH) detected in western Oklahoma, haplotype H only oc-
curred in samples from the 5 northern caves (Table 1; Fig. 4).
Although haplotype E was detected in bats occurring in caves
within both the northern and southern gypsum deposits, that

FIG. 2.ÑMinimum evolution tree based on mitochondrial DNA sequence data showing phylogenetic relationships of 3 subspecies of western
big-eared bats (Corynorhinus townsendii australis, C. t. pallescens, andC. t. townsendii) based on maximum-likelihood distances (TrNþ I þ G).
Numbers along internal branches are bootstrap support values (percentage of 1,000 replications). For this analysis,C. t. ingenswas designated as
the outgroup. Individuals collected from western Oklahoma are represented by haplotypes EÐH and fall within theC. t. pallescensclade.
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haplotype was in low frequency in northern samples but was
the dominant haplotype in bats from the southern gypsum
deposit (Table 1; Fig 4). Haplotype diversity (h) ranged from
a low of 0.203 for bats in Washita County to a high of 0.713 for
bats in Major County. In general, haplotype diversity was
lowest for bats in Washita County, and nucleotide diversity (p)
was low for all groupings (Table 1).

Proportions of genetic diversity attributable to variation
within caves, among caves within gypsum deposits, and be-
tween the 2 disjunct gypsum deposits were 48.98%, 12.26%,
and 38.76%, respectively. Pairwise� ST revealed signiÞcant
levels of differentiation between bats collected in Washita
County and bats in Alabaster Caverns, Major County, and
AkeÕs caves on the northern gypsum distribution (Table 2). The

FIG. 3.ÑParsimony network of mitochondrial haplotypes generated using the computer program TCS. This analysis revealed 4 major clades
that could not be connected based on a 95% conÞdence limit of 9 steps plus several individual haplotypes that could not be connected (not shown,
see text for list). These 4 clades correspond to strongly supported clades depicted in Fig. 2. Sampled haplotypes are represented by a combination
of letters and numbers (labeled AÐL3), whereas small black circles represent presumed haplotypes that were not found in our study.

TABLE 1.ÑGenetic diversity ofCorynorhinus townsendii pallescensfrom 8 caves in western Oklahoma using mitochondrial sequence data
(mtDNA) and nuclear microsatellite data (nDNA). Individuals were analyzed according to the 8 cave entrances where they were captured, or
grouped (combining caves) based on known maximum nightly movement ofC. t. pallescens(Major County and Washita County caves) and
continuous gypsum distribution (Fig. 1). For the mtDNA data, number of individuals sampled (nmt), number of individuals with each haplotype,
and haplotype diversity (h) and nucleotide diversity (p) are given; for the microsatellite data, number of individuals sampled (nms), alleles per locus
averaged across loci (A), and mean observed heterozygosity (HO) and expected heterozygosity (HE) are given. Values are presented for individual
caves as well as the grouping of caves in Major and Washita counties.

mtDNA haplotypes nDNA

Cave or grouping nmt E F G H h p nms A HO HE

Alabaster 7 1 6 0.286 0.002 7 4.2 0.714 0.736
Saloon 18 1 2 3 12 0.543 0.003 18 5.4 0.600 0.709
Nescatunga 5 2 1 2 0.800 0.004 5 3.8 0.600 0.773
Cult 13 3 2 6 2 0.744 0.003 14 5.6 0.743 0.763
AkeÕs 10 7 3 0.467 0.003 15 6.0 0.693 0.712
Fink 1 13 11 2 0.282 0.001 13 5.8 0.615 0.767
Ratzlaff 6 4 1 1 0.600 0.002 6 4.2 0.567 0.791
3 Domes 18 18 0.000 0.000 18 6.2 0.733 0.766
Major (caves 2� 4) 36 6 5 9 16 0.713 0.003 37 7.2 0.654 0.732
Washita (caves 6� 8) 37 33 1 3 0.203 0.001 37 7.6 0.665 0.764
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APPENDIX I
Specimens examined.ÑFor each specimen, we provide the GenBank accession number; haplotype designations; the state or country; county

(United States), state (Mexico), or province (Canada); and subspecies as determined by Piaggio and Perkins (2005). Based on results of our
phylogenetic analyses (Figs. 2 and 3),Corynorhinus townsendiifrom western Oklahoma belongs toC. t. pallescens.

Accession no. Haplotype State or country County, state, or province Subspecies

AY706340 A Oklahoma Adair ingens
AY706339 B Oklahoma Adair ingens
AY706338 C Oklahoma Adair ingens
AY706337 D Oklahoma Adair ingens
AY713589 K3 Mexico Durango australis
AY713594 L3 Mexico Durango australis
EU700341 E Oklahoma Major, Washita, Woodward pallescens
EU700342 F Oklahoma Major, Washita, Woodward pallescens
EU700343 G Oklahoma Blaine, Major, Washita, Woodward pallescens
EU700344 H Oklahoma Blaine, Major, Washita, Woodward pallescens
AY713734 I Colorado Baca pallescens
AY713764 J Colorado Baca pallescens
AY713758 K Colorado Baca pallescens
AY713765 L Colorado Baca pallescens
AY713761 M Colorado Baca pallescens
AY713648 N Colorado Boulder pallescens
AY713649 N Colorado Boulder pallescens
AY713647 O Colorado Boulder pallescens
AY713732 P Colorado Clear Creek pallescens
AY713626 Q Colorado El Passo pallescens
AY713744 R Colorado Teller pallescens
AY713518 S New Mexico Hidalgo pallescens
AY713515 T New Mexico Socorro pallescens
AY713514 T New Mexico Socorro pallescens
AY713525 U New Mexico Torrance pallescens
AY713558 A2 Canada British Columbia townsendii
AY713586 A2 Canada British Columbia townsendii
AY713568 A2 Canada British Columbia townsendii
AY713585 A2 Canada British Columbia townsendii
AY713559 A2 Canada British Columbia townsendii
AY713560 A2 Canada British Columbia townsendii
AY713573 A2 Canada British Columbia townsendii
AY713578 A2 Canada British Columbia townsendii
AY713563 A2 Canada British Columbia townsendii
AY713561 A2 Canada British Columbia townsendii
AY713565 A2 Canada British Columbia townsendii
AY713564 A2 Canada British Columbia townsendii
AY713566 A2 Canada British Columbia townsendii
AY713572 A2 Canada British Columbia townsendii
AY713567 A2 Canada British Columbia townsendii
AY713575 A2 Canada British Columbia townsendii
AY713562 A2 Canada British Columbia townsendii
AY713831 A2 Canada British Columbia townsendii
AY713832 A2 Canada British Columbia townsendii
AY713937 A3 Oregon Josephine townsendii
AY713935 A3 Oregon Lake townsendii
AY713940 A3 Oregon Wallowa townsendii
AY713939 A3 Oregon Wallowa townsendii
AY713933 A3 Oregon Wallowa townsendii
AY713577 B2 Canada British Columbia townsendii
AY713934 B3 Oregon Lake townsendii
AY713571 C2 Canada British Columbia townsendii
AY713570 C2 Canada British Columbia townsendii
AY713942 C3 Oregon Wallowa townsendii
AY713944 C3 Oregon Wallowa townsendii
AY713569 D2 Canada British Columbia townsendii
AY713776 D3 Utah Washington townsendii
AY713778 D3 Utah Washington townsendii
AY713773 D3 Utah Washington townsendii
AY713777 D3 Utah Washington townsendii
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APPENDIX I.ÑContinued.

Accession no. Haplotype State or country County, state, or province Subspecies

AY713775 D3 Utah Washington townsendii
AY713841 E2 Canada British Columbia townsendii
AY713837 E2 Canada British Columbia townsendii
AY713772 E3 Utah Washington townsendii
AY713835 F2 Canada British Columbia townsendii
AY713557 F3 Washington Okanogan townsendii
AY713511 G2 Colorado GarÞeld townsendii
AY713624 G3 Wyoming Freemont townsendii
AY713508 H2 Colorado La Platte townsendii
AY713623 H3 Wyoming Freemont townsendii
AY713509 I2 Colorado La Platte townsendii
AY713622 I3 Wyoming Platte townsendii
AY713521 J2 Colorado Mesa townsendii
AY713839 J3 Canada British Columbia townsendii
AY713528 K2 Colorado Mesa townsendii
AY713869 L2 Colorado Montrose townsendii
AY713736 M2 Colorado Montrose townsendii
AY713742 M2 Colorado Montrose townsendii
AY713872 N2 Colorado Montrose townsendii
AY713526 O2 Colorado Montrose townsendii
AY713750 P2 Colorado Montrose townsendii
AY713644 Q2 Colorado San Miguel townsendii
AY713866 R2 Colorado San Miguel townsendii
AY713702 S2 Colorado San Miguel townsendii
AY713520 T2 Mexico Sonora townsendii
AY713704 U2 Nevada Clark townsendii
AY713769 V Arizona Maricopa townsendii
AY713770 V Arizona Maricopa townsendii
AY713714 V2 Nevada Nye townsendii
AY713631 W Arizona Yuma townsendii
AY713780 W2 Nevada Nye townsendii
AY713771 W2 Utah Washington townsendii
AY713628 X Arizona Yuma townsendii
AY713931 X2 Oregon Josephine townsendii
AY713713 Y California Inyo townsendii
AY713932 Y2 Oregon Josephine townsendii
AY713930 Y2 Oregon Josephine townsendii
AY713584 Z Canada British Columbia townsendii
AY713587 Z Canada British Columbia townsendii
AY713588 Z Canada British Columbia townsendii
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