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CHARACTERIZATION OF A CONTACT ZONE BETWEEN TWO SUBSPECIES
OF THE BIG BROWN BAT (EPTESICUS FUSCUS) IN NEBRASKA
Justin D. Hoffman1,2 and Hugh H. Genoways1
ABSTRACT.—Two subspecies of the big brown bat (Eptesicus fuscus) are reported to occur in Nebraska. The eastern
race, E. f. fuscus, is reportedly bigger and darker than its western counterpart E. f. pallidus. Where these 2 subspecies
come in contact is the subject of debate. We used external, cranial, and colorimetric data to investigate geographic variation among populations of E. fuscus in Nebraska to determine the location of the zone of contact between E. f. fuscus
and E. f. pallidus. We discovered significant variation in external, cranial, and colorimetric data, suggesting that E. fuscus
is represented by 2 subspecies in Nebraska. Our results showed that E. f. pallidus is smaller, possesses lighter pelage,
and is restricted to the northern and western parts of Nebraska, whereas E. f. fuscus is larger, possesses darker pelage,
and occurs in southern and southeastern parts of the state. Populations located between these regions represent intergrades of the 2 subspecies. We suggest that the subspecific boundary represents a broad zone of integration running in a
northeast to southwest direction and may reflect the position of temperature and precipitation clines.
Key words: contact zone, Eptesicus fuscus fuscus, Nebraska, Eptesicus fuscus pallidus, subspecies, variation.

The position of subspecific boundaries
among populations of the big brown bat (Eptesicus fuscus) generally is unclear throughout
its geographic range. On the Great Plains, there
are 2 recognized subspecies of the big brown
bat (Hall 1981, Jones et al. 1983). The eastern
race, E. f. fuscus, is larger and darker than the
western subspecies E. f. pallidus (Burnett 1983a,
Jones et al. 1983). Exactly where these 2 subspecies come in contact is the subject of debate.
A number of studies place the zone of contact
in the eastern third of the Dakotas and Nebraska, continuing southwestward into Kansas
and Oklahoma (Long and Severson 1969, Hall
1981, Jones et al. 1983). Other studies suggest that the western subspecies, E. f. pallidus, is absent from the southern plains states
of Kansas and Oklahoma and that the contact
zone is located in the western portions of
Nebraska and the Dakotas (Allen 1933, Engels
1936, Burnett 1983a, Choate et al. 1986, Caire
et al. 1989).
In Nebraska, studies place the zone of contact between the 2 subspecies in the eastern
third of Nebraska (Fig. 1). Jones (1964) noted
that E. f. fuscus has much darker pelage than
E. f. pallidus and that the 2 subspecies could be
discerned easily based on color, although some
variation within sites was observed. Czaplewski
et al. (1979) also described E. f. fuscus as being

darker and larger than E. f. pallidus. Data
used in the above studies were limited geographically, with no specimens examined from
the southwestern, central, or southeastern
parts of the state. Subsequent collecting
efforts have focused on these areas, resulting
in a more complete data set. Thus, a reexamination of the geographic variation of E. fuscus
in Nebraska is warranted. The objectives of our
study were to (1) determine whether there are
2 subspecies of E. fuscus present in Nebraska
and, if so, (2) determine the location of the
zone of contact between the 2 recognized subspecies, based on the patterns of colorimetric
and morphological variation.
METHODS
We examined 371 adult specimens of E.
fuscus from Nebraska (Appendix). Specimens
used in this study are housed at the University
of Nebraska State Museum (UNSM), the University of Kansas Museum of Natural History
(KU), the University of Nebraska–Kearney Vertebrate Museum (VMKSC), the Museum of
Southwestern Biology at the University of New
Mexico (MSB), the Museum of Vertebrate
Zoology at the University of California (MVZ),
and the University of Michigan Museum of
Zoology (UMMZ). Data were gathered from

1School of Natural Resources and University of Nebraska State Museum, W436 Nebraska Hall, University of Nebraska–Lincoln, Lincoln, NE 68588.
2E-mail: jhoffma3@bigred.unl.edu
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Fig. 1. Distribution of discriminant function results for morphology (A) and color (B). Matrices located inside the
counties represent number of males (column 1) and females (column 2) that were assigned to Eptesicus fuscus pallidus
(row 1) and E. f. fuscus (row 2) as determined by discriminant function analysis (DFA). Counties marked by stars correspond to adjacent matrices. The solid line represents the zone of contact between the 2 subspecies as determined by
Jones (1964), and the dotted line represents the zone of contact as determined by Czaplewski et al. (1979). Based on data
from the DFA, we considered populations to be outside the contact zone if more than half of both males and females
were recognized as the same subspecies for both morphology and color. All other populations were placed within the
contact zone (shaded area).

specimens collected in 16 counties and grouped
into sample units that were used to analyze
geographic variation (Fig. 1). These counties
were chosen because large samples of big
brown bats were collected from specific localities within these areas.
Morphological variation was assessed by
measuring a standard set of cranial and external characters with a digital caliper and rounding to the nearest 0.1 mm: greatest length of
skull (GLS), condylobasal length (CL), zygo-

matic breadth (ZB), postorbital breadth (PB),
mastoid breadth (MB), breadth across upper
molars (M–M), length of maxillary toothrow
(LMXT), length of mandibular toothrow (LMT),
and forearm length (FA).
Pelage color was assessed from digital photographs (Nikon COOLPIX 5000) of the dorsum of each specimen. Red (R), blue (B), and
green (G) values were collected from approximately the middorsum of each specimen with
the JPEG viewer in ArcMAP 9.0. To maintain
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TABLE 1. Means and standard deviations of external and cranial measurements (mm) of male and female Eptesicus fuscus
in Nebraska, with ranges given in parentheses. The F-statistic from the ANOVA along with the significance level is given
for each measurement.
Measurement
Greatest length of skull
Condylobasal length
Zygomatic breadth
Postorbital breadth
Mastoid breadth
Width across upper molars
Length of maxillary toothrow
Length of mandibular toothrow
Length of forearm

Males

Females

F

P

18.3 +
– 0.6 (16.7–19.9)
17.6 +
– 0.5 (16.0–19.0)
12.3 +
– 0.6 (10.1–13.4)
4.2 +
– 0.1 (3.8–4.7)
9.7 +
– 0.4 (8.6–10.7)
7.9 +
– 0.3 (7.2–8.7)
5.2 +
– 0.1 (4.7–5.7)
6.5 +
– 0.2 (5.9–7.2)
45.6 +
– 2.0 (39.0–55.0)

18.8 +
– 0.6 (17.0–21.0)
18.1 +
– 0.5 (16.5–20.0)
12.6 +
– 0.5 (10.7–14.4)
4.3 +
– 0.1 (3.9–4.9)
10.0 +
– 0.3 (8.9–10.8)
8.1 +
– 0.3 (7.1–9.0)
5.3 +
– 0.2 (4.9–5.8)
6.6 +
– 0.2 (6.0–7.4)
46.4 +
– 1.9 (41.0–51.0)

54.614
55.373
26.525
3.441
47.575
1.681
15.276
14.398
14.058

0.0001
0.0001
0.0001
0.064
0.0001
0.196
0.0001
0.0001
0.0001

consistency among photographs, each was
taken with a flash against a white background
in rooms with fluorescent lighting. The digital
camera was mounted on a tripod, and each
specimen was placed 33 mm away from the
lens. We programmed the camera to make consistent adjustments of color and brightness for
each picture.
We performed descriptive statistics and
analysis of variance (ANOVA) to determine
the extent of secondary sexual variation. A
multivariate analysis of variance (MANOVA)
was used to detect differences between sampling units in both color and morphological
variation. A principal components analysis
(PCA) with a varimax rotation and a Kaiser
stopping rule of 1 eigenvalue was used to investigate potential relationships in morphological and colorimetric variation among populations of E. fuscus. A discrimnant function
analysis (DFA) with reference samples for E. f.
pallidus (Sioux and Dawes counties) and E. f.
fuscus (Lancaster and Sarpy counties) was used
to separate unknown specimens into subspecies
for all other sample units. Based on data from
the DFA, we considered populations to be
outside the contact zone if more than half of
both males and females were recognized as
the same subspecies for both morphology and
color. All other populations were placed within
the contact zone. Statistical analyses were performed using SPSS statistical software (SPSS,
Inc. 2002).
RESULTS
In populations of E. fuscus from Nebraska,
there was significant secondary sexual variation between sexes (Table 1). For external and
cranial variables, measurements of females

averaged larger than males; and only 2 variables, postorbital breadth and width across
upper molars, were not statistically significant
between sexes. Based on these results, we
analyzed males and females separately.
For males, all morphological variables in the
MANOVA were significantly different among
sample units except postorbital breadth (F =
1.205, P > 0.05), length of maxillary toothrow
(F = 1.587, P > 0.05), and length of forearm
(F = 1.716, P > 0.05). For females, all morphological variables were statistically different
(P < 0.001). Color variables (R, G, B) for both
sexes were significant (P < 0.001) among sample units.
Two principal components were extracted
from morphological data for both sexes (Table
2). For males, 2 principal components explained
68.8% of the variation, with the 1st principal
component explaining 56.7% of the variation
and the 2nd principal component explaining
12.1% of the variation. For females, 2 principal
components explained 67.5% of the variation,
with the 1st principal component explaining
56.2% and the 2nd principal component explaining 11.3% of the variation. The loading of
variables along the components varied between
the sexes. In males, most of the morphological
variables were loaded heavily on the 1st principal component. Only postorbital breadth and
length of forearm were weighted heavily on
the 2nd principal component, with component
weights of –0.666 and 0.754, respectively. All
of the length variables in females (greatest
length of skull, condyobasal length, length of
maxillary toothrow, length of mandibular toothrow, and forearm length) were highly and
positively loaded on the 1st principal component, whereas all of the breadth variables (zygomatic breadth, postorbital breadth, mastoid

2008

CONTACT ZONE BETWEEN SUBSPECIES OF E. FUSCUS

39

TABLE 2. Principal component scores of external and cranial measurements for male and female Eptesicus fuscus in
Nebraska. Measurements included greatest length of skull (GLS), condylobasal length (CL), zygomatic breadth (ZB),
postorbital breadth (PB), mastoid breadth (MB), breadth across upper molars (M–M), length of maxillary toothrow
(LMXT), length of mandibular toothrow (LMT), and length of forearm (FA).

Measurement
GLS
CL
ZB
PB
MB
M–M
LMXT
LMT
FA

Males
_________________________________________
Principal component 1 Principal component 2
0.904
0.905
0.887
0.405
0.854
0.772
0.717
0.734
0.374

0.110
0.170
0.067
–0.666
–0.019
–0.089
–0.148
–0.021
0.754

TABLE 3. Principal component scores of the 1st principal component for color from male and female Eptesicus
fuscus in Nebraska.
Measurement

Males

Females

Red
Green
Blue

0.973
0.994
0.974

0.944
0.966
0.960

breadth, breadth across upper molars) were
highly and positively loaded on the 2nd principal component (Table 2).
Both sexes of E. fuscus had similar patterns
of color variation. Both PCAs extracted 1 principal component that explained 96.2% (males)
and 91.5% (females) of the variation in color.
All 3 color variables (R, G, B) were highly and
positively loaded on the 1st principal component for both sexes (Table 3).
The DFA calculated 1 discriminant function
for each sex that explained 100% of the morphological variation and was highly significant
among males (Wilks’ λ = 0.298, P < 0.001)
and females (Wilks’ λ = 0.464, P < 0.001).
The discriminant function coefficients showed
that greatest length of skull, condylobasal
length, and zygomatic breadth were weighted
heavily on discriminant functions for both
sexes (Table 4). Reference samples for male E.
f. fuscus and E. f. pallidus showed no overlap
among their discriminant scores (Fig. 2a). The
DFA predicted all 18 reference specimens of
E. f. pallidus and all 22 reference specimens of
E. f. fuscus correctly. However, there was
some overlap among females, where 3 of 29
reference specimens for E. f. pallidus were
identified as E. f. fuscus and 3 of 15 reference
specimens for E. f. fuscus were identified as E.

Females
_________________________________________
Principal component 1 Principal component 2
0.805
0.837
0.481
–0.085
0.468
0.351
0.610
0.617
0.739

0.471
0.382
0.673
0.763
0.673
0.730
0.451
0.487
–0.122

f. pallidus (Fig. 2b). The misidentified specimens were spread evenly among the reference
samples (Sioux County = 2, Dawes County =
1, Lancaster County = 2, Sarpy County = 1).
These specimens were collected at the same
time and location as others that were assigned
correctly to their respective subspecies.
The DFA of color in males and females
extracted 1 discriminant function that explained
100% of the variance. Each analysis was significant for males (Wilks’ λ = 0.298, P <
0.001) and females (Wilks’ λ = 0.294, P <
0.001). Blue was the only variable that was
weighted heavily on the discriminant function
for males, whereas both red and blue variables were highly and positively weighted for
females (Table 5). Some overlap occurred
among the reference samples of E. f. pallidus
(Fig. 2c–d). The most overlap occurred in
males, where 3 of 21 reference specimens of
E. f. pallidus were identified as E. f. fuscus;
and in females, only 1 of 40 reference specimens for E. f. pallidus was classified as E. f.
fuscus. All reference specimens of female (25)
and male (16) E. f. fuscus were classified correctly (Fig. 2c–d).
The morphological discriminant scores were
applied to 70 unknown specimens of adult
male E. fuscus, and the model predicted 46 as
E. f. fuscus and 24 as E. f. pallidus. For females,
discriminant scores were applied to 104 unknown adult female E. fuscus, with 67 identified as E. f. pallidus and 37 identified as E. f.
fuscus. Considerable morphological overlap
existed among sample units of unknown specimens. In Banner County, more than half of the
females were identified as the eastern race, E.
f. fuscus (Fig. 1a). In Chase and Red Willow
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Fig. 2. Scatter plots of discriminant scores of known reference samples for Eptesicus fuscus: A, male morphology; B,
female morphology; C, male color; D, female color. Circles represent E. f. pallidus, crosses represent E. f. fuscus, and vertical
lines represent centroid dividers. Because only 1 discriminant function was calculated for each analysis, discriminant
scores were plotted against red (R) values and greatest length of skull (GLS) to aid in visualization.

counties, females were predominately assigned
to E. f. fuscus, whereas more males were referred to as E. f. pallidus (Fig 1a). In Dixon
County, located in northeastern Nebraska, most

males were assigned to E. f. pallidus, whereas
females were evenly distributed between the
2 subspecies (Fig. 1a). Thomas County, located
in north central Nebraska, is composed mostly
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TABLE 4. Standardized and unstandardized discriminant multipliers of external and cranial measurements for male
and female Eptesicus fuscus in Nebraska. Measurements included greatest length of skull (GLS), condylobasal length
(CL), zygomatic breadth (ZB), postorbital breadth (PB), mastoid breadth (MB), breadth across upper molars (M–M),
length of maxillary toothrow (LMXT), length of mandibular toothrow (LMT), and length of forearm (FA).

Measurement
GLS
CL
ZB
PB
MB
M-M
LMXT
LMT
FA
Constant

Males
__________________________________
Standardized
Unstandardized
coefficient
coefficient
–0.710
1.061
–0.347
–0.157
0.150
–0.341
0.344
0.274
0.684
—

–1.614
2.511
–1.987
–0.473
0.546
–2.143
1.794
0.164
1.411
–27.428

Females
__________________________________
Standardized
Unstandardized
coefficient
coefficient
1.193
–1.440
1.319
0.002
–0.044
–0.130
–0.370
0.367
–0.213
—

1.893
–2.622
3.811
0.014
–0.154
–0.491
–1.769
1.785
–0.102
–29.09

TABLE 5. Standardized and unstandardized discriminant multipliers of color for male and female Eptesicus fuscus in
Nebraska.

Measurement
Red
Green
Blue
Constant

Males
__________________________________
Standardized
Unstandardized
coefficient
coefficient
–0.247
–0.301
1.442
—

–0.015
–0.021
0.109
–3.906

of E. f. fuscus, although all of the counties to
the northwest and northeast contain populations dominated by E. f. pallidus (Fig. 1a).
Discriminant scores for color were applied
to 86 unknown adult male and 110 unknown
adult female E. fuscus. Fifty-three of the males
and 63 of the females were classified as E. f.
fuscus and 29 males and 47 females were classified as E. f. pallidus, respectively (Fig. 1b).
Banner County had significant overlap in males
and females (Fig 1b). In Chase and Red Willow counties, most individuals were referable
to E. f. fuscus. This differed from morphological data where the majority of females were
morphologically similar to E. f. pallidus. Dixon
County had considerable overlap; however, in
contrast to the morphological data, most of the
specimens were assigned to E. f. fuscus based
on color. Thomas County data showed that most
specimens closely resembled E. f. fuscus.
DISCUSSION
We observed secondary sexual variation in
E. fuscus in Nebraska, with females being larger
than males. Secondary sexual variation in E.

Females
__________________________________
Standardized
Unstandardized
coefficient
coefficient
0.658
–0.156
0.512
—

0.049
–0.008
0.035
–9.116

fuscus has been noted in other studies. For
example, Jones (1964) and Czaplewski et al.
(1979) documented size differences of both
sexes in Nebraska. For variation of E. fuscus
across its geographic range, Burnett (1983a)
noted significant differences between sexes
except in interorbital breadth, a result which
was similar to our findings (Table 1).
Larger size in females is common among
vespertilionids (Williams and Findley 1979);
however, the cause of this pattern is unresolved.
Ralls (1976) proposed a “big-mother” hypothesis where she stated that larger females would
be able to produce larger offspring and provide more food than smaller-sized females of
the same species. Myers (1978) suggested that
females are usually larger because of extra wing
loading attributable to the extra mass present
during pregnancy and lactation. Williams and
Findley (1979) determined that secondary sexual dimorphism in vespertilionids is driven by
increased energy demands during pregnancy
because maintaining homothermy is more efficient for larger body sizes. In Nebraska, it is
unclear which pattern is responsible for the
observed secondary sexual variation; however,
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it seems possible that a combination of these
factors is involved.
In general, both color and morphological
measurements of E. fuscus have a similar distributional pattern across Nebraska (Fig. 1).
Areas in southeastern Nebraska (Buffalo, Lancaster, Sarpy, Webster, and Richardson counties) are predominantly populated with individuals that are large and that have dark pelage.
Areas located in northern and extreme western Nebraska (Boyd, Cherry, Dawes, Sheridan,
and Sioux counties) are occupied by small and
light-colored individuals. The remaining areas
(Banner, Chase, Dixon, Holt, and Red Willow
counties) have a large amount of overlap among
individuals for size and color.
Variations in pelage color have also been
observed among populations of E. fuscus in
the Great Plains. Based on color, Jones and
Genoways (1967) noted a zone of integration
between the 2 subspecies somewhere between
the 98th and 99th meridian in eastern South
Dakota. In Kansas, Choate et al. (1986) quantified pelage color and discovered a westward
trend of darker to lighter pelage. In Nebraska,
both Jones (1964) and Czaplewski et al. (1979)
used color as the primary basis for discerning
the distribution of each subspecies. Our results
are in accordance with previous studies in that
significant variation in color exists among populations of E. fuscus in Nebraska (Fig 1b), but
the pattern of variation follows a southeast–
northwest trend rather than an east–west trend.
The concept of variation in color patterns
among populations of the same species has
been well documented. Gloger’s Rule was the
1st explanation for color variation; it states that
the color of an individual’s pelage correlates
with humidity, with darker color morphs existing in more humid climates (Brown and
Lomolino 1998). However, this hypothesis has
gained little support. A more plausible explanation involves selection for color morphs that
avoid detection by resembling the background
of where they occur (Dice 1947, Kettlewell
1961). Thus, species in habitats where environmental backgrounds are of lighter colors, such
as areas of sandy substrates and sparse vegetation, would possess individuals with pelages
of lighter colors. Data extracted from the
Nebraska STATSGO soil data (available from:
http://csd.unl.edu/general/gis-datasets.asp
#Soils) show that there are loam and sandytextured soils in northern and northwestern
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Nebraska where E. f. pallidus occurs. Precipitation in these areas is lower compared to
southeastern Nebraska, with an average rainfall of 43.1 cm in the northwest compared to
76.2 cm in the southeast (HPRCC 2006). These
conditions facilitate the presence of arid environments dominated by grasslands in the west
and northwest as opposed to more moist forested areas of the east and southeast. This
variation appears to be correlated with variation in color among populations of E. fuscus in
Nebraska.
Based on these results, we conclude that 2
subspecies occur in Nebraska, with Eptesicus
fuscus fuscus occurring in southeastern Nebraska and E. f. pallidus occurring in northwestern Nebraska. Throughout central parts
of the state, the subspecies meet in a broad
zone of contact and intergradation (Fig. 1a–b).
The fact that there is no abrupt step in the
transition is not unexpected for mammalian
subspecies. The orientation of this contact zone
differs from that reported in the previous
studies of Jones (1964) and Czaplewski et al.
(1979). Similar to our results, Burnett (1983a)
placed the zone of contact between populations of E. f. fuscus and E. f. pallidus running
north–south approximately along the Kansas–
Colorado state line and then heading in a
northeasterly direction through western Nebraska. He concluded that E. f. fuscus occurred
in Kansas and in the central and eastern parts
of Nebraska, whereas E. f. pallidus was limited
to portions of northwestern Nebraska. For E.
fuscus in Kansas, Choate et al. (1986) reported
a gradual decreasing trend in size from east to
west. Those authors determined that not enough
evidence existed to support the recognition of
2 subspecies and that only E. f. fuscus was present in Kansas. Our results support the conclusions of Burnett (1983a) and Choate et al.
(1986). We restrict E. f. pallidus as occurring
primarily in the northern and western portions of Nebraska, and E. f. fuscus as occurring
in southern and eastern Nebraska. Therefore,
it is unlikely that many distinct individuals of
E. f. pallidus, based both on light color and
small size, would reach southward into northwestern Kansas.
The position of the subspecific boundary
might be the result of climatic patterns in Nebraska. Burnett (1983b) assessed correlation of
morphology in E. fuscus with climatic variables
throughout its geographic range. He discovered
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that skull size was inversely related to temperature but directly related to moisture. He
also noted that wing size was directly related
to moisture, but that no significant relationship existed between wing size and temperature. Data from the High Plains Regional Climate Center (HPRCC) show that temperature
and precipitation have a pronounced northwest to southeast transition in Nebraska
(HPRCC 2006), with temperature and precipitation increasing in the southeastern part of
the state. For example, Harrison, located in
northwestern Nebraska (Sioux County), has an
average annual temperature of 7.0°C and an
average annual precipitation of 43.9 cm.
Auburn, located in southeastern Nebraska
(Nemaha County), has an average annual temperature of 11.4°C and an average annual precipitation of 82.3 cm. If variation in size of E.
fuscus is correlated to temperature and precipitation, then the transition from larger to
smaller individuals should resemble the climatic patterns present in Nebraska. Our results
are somewhat contrary to the conclusions of
Burnett (1983b), because in Nebraska, larger
individuals inhabit areas with higher temperatures, indicating a direct, not an indirect, relationship between size and temperature. An
explanation is that Burnett (1983b) examined
specimens of E. fuscus throughout its entire
geographic range, and his broad analysis might
have concealed patterns of local variation.
Burnett (1983b) did note a positive relationship
between size and precipitation, which we also
observed in Nebraska. This suggests that precipitation might be a better overall predictor of
size in E. fuscus.
Much of the transition zone passes through
central Nebraska where few specimens of E.
fuscus were examined. Much of this area represents the Sandhills of Nebraska, which does
not generally provide favorable habitat for
crevice-roosting bats (Geluso 2006). For example, E. fuscus is known to roost in tree cavities
and man-made structures ( Jones 1964, Jones
et al. 1983). Because of increased human settlement and fire suppression during the past
century, more opportunities now exist for E.
fuscus to colonize selected sites in the Sandhills. For example, Thomas County is located
in the middle of the Sandhills and is bordered
by populations of E. f. pallidus to the north;
however, specimens examined from Thomas
County, on average, resemble E. f. fuscus. All
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specimens examined from Thomas County were
collected in the hand-planted Nebraska National Forest, established in 1902 (Manning
and Geluso 1989, Geluso 2006). This area is
bordered by the Middle Loup River to the
north and the Dismal River to the south, both
of which run in an east–west direction. As
human settlement increased, wildfires were
suppressed and grasslands gave way to woody
riparian vegetation along rivers. These areas
provide excellent dispersal corridors for several species, including bats (Benedict et al.
2000). For the big brown bat, we suggest that
individuals moved westward along these riverine corridors until they encountered buildings
located in the man-made forest or in nearby
towns, which provided them suitable roosts.
Although populations of E. f. pallidus are in
close proximity (Cherry County), we would
not expect individuals to readily disperse into
Thomas County because of the absence of
north–south dispersal corridors such as rivers
with riparian forests.
Several other counties have unusual patterns
of subspecies variation. Banner County is located in extreme western Nebraska and is surrounded by populations of E. f. pallidus; however, the sample from the county is not typical
of the subspecies, especially with regard to
pelage color. The reason for this atypical coloration of specimens from Banner County
remains unclear, but 1 explanation could be
the presence of the North Platte River. As in
Thomas County, darker individuals representative of E. f. fuscus from eastern populations
have likely used this corridor to disperse westward into the region. Conversely, in Dixon
County, an eastern county, the individuals examined resembled the western subspecies, E.
f. pallidus. Our results indicated that E. f. pallidus is restricted to woody areas of northern
Nebraska, such as along the Niobrara River.
Dixon County lies along the Missouri River
not far from where the Niobrara River empties into the Missouri River. The proximity of
Dixon County to the confluence of the 2 rivers
may explain the variation present there. Other
counties that have individuals that tend to be
more intermediate between subspecies might
be similarly affected by their proximity to natural dispersal corridors. An example is Buffalo
County, which is located along the Platte River.
In conclusion, we agree with previous studies that 2 subspecies of E. fuscus occur in
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Nebraska, but we offer a different orientation
and distribution for the populations. Populations occurring between these areas represent a broad zone of intergradation between
the subspecies. We characterize the zone of
transition as being broad and oriented in a
northeast–southwest direction, which differs
from the east–west orientation proposed by
Jones (1964) and Czaplewski et al. (1979). The
broad zone of contact indicates that these taxa
are subspecies. If 2 distinct species existed, we
would expect little or no overlap in morphology and color among specimens.
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APPENDIX.—All known specimens of Eptesicus fuscus fuscus and E. f. pallidus from Nebraska used in analyses for this
study. All individuals from counties in the contact zone with representatives of both subspecies were assigned to a single
subspecies below, based on the subspecies with the majority of individuals from discriminant scores and geographic considerations. Specimens are housed in the University of Nebraska State Museum (UNSM), the University of Kansas
Museum of Natural History (KU), the University of Nebraska–Kearney Vertebrate Museum (VMKSC), the Museum of
Southwestern Biology at the University of New Mexico (MSB), the Museum of Vertebrate Zoology at the University of California (MVZ), and the University of Michigan Museum of Zoology (UMMZ). Within subspecies, localities are arranged
alphabetically by county and then from northwest to southeast by reference location.
Eptesicus fuscus fuscus
Antelope Co.: Neligh, 1 (UMMZ). Buffalo Co.: Kearney, 24 (VMKSC). Chase Co.: Wauneta, 33 (UNSM). Dixon Co.:
1.1 mi S, 2.6 mi E Homer, 3 (UNSM); Ponca State Park, 1 (UNSM); 3 mi N, 1 mi W Ponca, Ponca State Park, 8 (UNSM);
3 mi N Ponca, Ponca State Park, 5 (UNSM); 2.5 mi N, 0.75 mi W Ponca, Ponca State Park, 4 (UNSM); 2.25 mi N Ponca,
1 (UNSM); 1 mi W Maskell, 1 (UNSM); Wakefield, 2 (VMKSC). Harlan Co.: Alma, 2 (UNSM). Lancaster Co.: Lincoln,
19 (UNSM). Platte Co.: 1.5 mi N, 1 mi W Columbus, 2 (VMKSC); Columbus, 20 (UNSM). Red Willow Co.: Indianola, 8
(UNSM); Indianola, 5 (VMKSC). Richardson Co.: 2.1 mi S, 3.4 mi E Rulo, 1 (UNSM); 3 mi S, 5 mi E Rulo, 10 (UNSM).
Sarpy Co.: cave near Grenta Fish Hatchery, 1 (UNSM); 1.5 mi NW Louisville, 3 (UNSM); 1 mi W Meadow, 1 (KU); 0.5
mi W Meadow, 6 (KU), 0.5 mi W Meadow, 14 (UNSM); Meadow, 8 (UNSM). Thomas Co.: Nebraska National Forest, 4
(MSB). Webster Co.: 4.5 mi E Red Cloud, 22 (KU); 4.5 mi E Red Cloud, 4 (UNSM).
Eptesicus fuscus pallidus
Banner Co.: T20N, R54W, SE1/4 Sec. 25, 1 (UNSM); 10 mi S, 2.5 mi E Gering, 7 (VMKSC); 9 mi S, 5 mi E Harrisburg,
3 (KU); Wildcat Hills State Recreation Area, 23 (UNSM). Boyd Co.: 4 mi N, 2.5 mi W Spencer, 10 (KU). Cherry Co.: Fort
Niobrara National Wildlife Refuge, 13 (MSB); Fort Niobrara National Wildlife Refuge, 1 (MVZ); Fort Niobrara National
Wildlife Refuge, 7 (UNSM); 8 mi S, 0.5 mi W Nenzel, 3 (VMKSC); Valentine, 1 (KU). Dawes Co.: Bordeaux Creek, T32N,
R48W, NE1/4 Sec. 14, 1 (UNSM); Chadron, 13 (UNSM); Chadron State Park, 3 (UNSM); 5.5 mi S, 4.25 mi E Chadron, 4
(UNSM); Coffee Mill Butte, T31N, R49W, SW1/4 Sec. 8, 6 (UNSM); T32N, R48W, Sec. 16, 1 (UNSM); T32N, R48W,
SW1/4 Sec. 31, 1 (UNSM); T33N, R47W, SW1/4 Sec. 34, 1 (UNSM); T31N, R51W, NW1/4 Sec. 13, 1 (UNSM). Holt Co.:
5.1 mi S, 2 mi E Spencer, 2 (UNSM). Sheridan Co.: T33N, R46W, SW1/4 of NE1/4 Sec. 13, Beaver Creek, 9 (UNSM);
Metcalf Wildlife Management Area, 1 (UNSM); 15 mi N Rushville, 2 (KU); 13.7 mi N, 2 mi W, 3 (UNSM). Sioux Co.:
T33N, R57W, NW1/4 Sec. 15, 1 (UNSM); T33N, R52W, SW1/4 Sec. 17, 1 (UNSM); T32N, R53W, SW1/4 Sec. 32, 1
(UNSM); Cook Ranch, Agate Springs, 7 (UNSM); 1.5 mi N, 11 mi W Crawford, 3 (UNSM); 1 mi N, 8 mi W, 2 (UNSM);
5.5 mi W Crawford, 11 (UNSM); 1 mi S, 4 mi W Crawford, 4 (UNSM); Hudson-Meng site, NW Crawford, 2 (UNSM); 3
mi S Glen, 2 (UNSM); Woods Reserve, Trout Ponds, 6 (UNSM).

