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Figure 3. (A) Voucher photograph of M. thysanodes. (B) Photograph of interfemoral membrane with magnified portion where
distinctive fringe hairs of this species are visible.

Figure 4. Voucher photograph of C. fownsendii.
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outside of their known range in North Dakota (Appendix C).
No voucher photograph was taken, since this species has al-
ready been documented in the state, albeit in a more restricted
area. We did document M. septentrionalis outside of their
TUCN distribution, but we do not consider this an expansion
because the USFWS recently updated their distribution map
of this species to include all of North Dakota. Our findings
support this change.

DISCUSSION

This study provides the first detailed picture of the bat
communities inhabiting natural areas of North Dakota. Our
efforts substantially increase the areas of North Dakota in
which detailed bat surveys have been conducted, and can
serve as a baseline for comparison in the face of changing
climate and land use. Species richness appears to follow a
high to low gradient from southwest to northeast, with the
most species documented in the badlands and the fewest doc-
umented in the Pembina region. The large number of species
found in western North Dakota is likely due to the varied
roosting and foraging habitats available in the badlands eco-
system. The Missouri River Valley, Turtle Mountains, Pem-
bina Gorge, and Red River Valley all provide crucial forested
habitat needed to support foliage and tree roosting bats in
North Dakota’s agriculturally dominated landscape.

Prior to 2006, M. thysanodes and C. townsendii had not
been documented in North Dakota. The results of this study
confirm the presence of these species in the state. Myotis thy-
sanodes was first acoustically documented in North Dakota
in 2006 (Tigner 2006) and again in 2009 (Lenard 2010); here,
we confirm the presence of this bat with the first physical
capture of M. thysanodes in the state. Although bats were
identified through careful inspection in the field, we acknowl-
edge that our photographs may not be sufficient to validate
species identification (Fig. 3). The key characteristic for dif-
ferentiation of M. thysanodes from M. evotis is the presence
of conspicuous fringe hairs along the interfemoral membrane
of M. thysanodes, which is in contrast to the inconspicuous
and sparse hairs that may be found on M. evotis (Hall 1981,
van Zyll deJong 1985). More detailed photographs, morpho-
logical measurements, and tissue samples should be taken of
future captures to stand as vouchers for M. thysanodes in the
state. While captures of C. townsendii had previously been
reported in North Dakota, our accompanied voucher photo-
graph (Fig. 4) clearly provides evidence for the occurrence
of this species. Given these new/confirmed findings, we have
generated a map comparing our reported occurrences with
current [UCN distributions (Fig. 2). We also captured M. cili-
olabrum (Appendix C) and M. septentrionalis outside of their
respective [UCN distributions, however, these occurrences
are congruent with historical occurrences in the state.

We found a sex bias toward females for most of the bat
species in this study, which is in contrast to patterns observed
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for those same species in South Dakota (Bogan et al. 1996,
Mattson et al. 1996, Choate and Anderson 1997, Cryan et al.
2000, Swier 2003). However, this bias in South Dakota was
not observed in the winter months (Cryan et al. 2000). The
apparent sex biases observed throughout the region may be
due to differences in seasonal distributions between sexes;
future studies examining sex biases among captured bats in
the region would be valuable for better understanding this
pattern.

While we captured multiple M. septentrionalis, auto-
mated classification of recorded echolocation calls failed to
identify this species in the state. Species within the genus
Mpyotis are notoriously difficult to separate based solely on
echolocation calls (Thomas et al. 1987). While call libraries
and identification algorithms have vastly improved in recent
years, our results reveal that such issues can still exist when
attempting to identify select species. Specifically, M. septen-
trionalis and M. evotis exhibit similar echolocation call struc-
tures, which likely led to misclassification in our study, as M.
septentrionalis was physically captured multiple times, but
never identified via automated classification of acoustic re-
cordings. Even M. septentrionalis calls recorded from light-
tagged individuals were misclassified as M. evotis by the
analysis software. However, additional call data from 2014
that was not included in this study, positively identified M.
septentrionalis calls from the Missouri River region. Overall,
confirmation of species occurrence must come from physi-
cal captures, as documented in our study. M. septentrionalis
was recently listed as threatened by the U.S. Fish and Wild-
life Service (USFWS 2015), therefore special consideration
should be given to sampling methods and validation of auto-
mated classification of echolocation calls when conducting
surveys to assess the presence of this species.

While acoustic sampling has known challenges, it is a
useful tool for documenting bat occurrences. For example,
in our study, C. townsendii was first acoustically detected in
the badlands in 2010, but despite extensive sampling was not
physically captured until 2012. Mist netting is not without bi-
ases, as some species may be underrepresented if researchers
rely only on this method (Kuenzi and Morrison 1998). While
our acoustic data indicates species presence in areas where
they have not been captured, further sampling may result in
physical captures and extensions of known species distribu-
tions. This highlights the importance of using multiple sam-
pling methods when surveying for bats, as differing sampling
biases may impact conclusions about species distributions
and habitat preferences (Barnhart and Gillam 2014).

MANAGEMENT IMPLICATIONS

The North Dakota Game and Fish Department currently
lists C. townsendii, E. fuscus, M. lucifugus, and M. septentrio-
nalis as Species of Conservation Priority Level I (highest pri-
ority), and M. ciliolabrum, M. evotis, and M. volans as Level
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IIT (moderate priority, populations assumed to be peripheral
or nonbreeding in North Dakota). All of these species can be
found in the badlands region of the state and four of these
species have been captured exclusively in the badlands. Since
the development of extensive oil and natural gas production
in the Bakken Formation, landscape modification has invari-
ably altered the habitat, although no research has attempted
to quantify the effect on bats. Although Theodore Roosevelt
National Park is afforded some protection from such devel-
opment, the Little Missouri National Grasslands and other
private lands of the region, which include high quality bat
habitat essential to support the diverse bat community of the
badlands, are not protected from oil exploration. Manage-
ment efforts should focus on preservation of critical habitats,
such as the badlands, Turtle Mountains, Pembina Gorge, and
forested riparian zones, and work to reduce the environmen-
tal effects of oil and natural gas development in the region.
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Appendix A. Study sites with specific locations of bat species captures. Specific locations of study sites with totals of bat spe-
cies captures per site in North Dakota, 2009-2012. COTO= C. townsendii, EPFU= E. fuscus, LANO= L. noctivagans, LABO=
L. borealis, LACI= L. cinereus, MYCI=M. ciliolabrum, MYEV= M. evotis, MYLU= M. lucifugus, MYSE= M. septentrionalis,

MYTH= M. thysanodes, MY VO= M. volans.

Region County Latitude Longitude COTO  EPFU LANO  LABO LACI MYCI MYEV ~MYLU MYSE MYTH MYVO
Badlands Billings 47.229859 -103.641674 0 1
Badlands Billings 47.300527 -103.589544 1 1 3

Badlands Billings 47.308831 -103.473907

Badlands Billings 47316068 -103.485923 4 2

Badlands Billings 46.952146 -103.532213

Badlands Billings 46.949507 -103.534574 1

Badlands Billings 46.952003 -103.494919 2 1 3 1 2

Badlands Billings 46.922048 -103.455657 1 1 1 1
Badlands Billings 46.936451 -103.426411 1

Badlands Billings 46.959290 -103.501294 5 1 3 1

Badlands Billings 46.958453 -103.506037 1

Badlands Billings 46.931587 -103.432508

Badlands Billings 46.938403 -103.381451 1 1

Badlands Dunn 47.549463 -102.734994 4

Badlands Golden Valley 47228423 -103.670254

Badlands Golden Valley 47.229098 -103.673861 1

Badlands McKenzie 47601975 -103.278508 1 1 2 1 3 2

Badlands McKenzie 47.594614 -103.337567 54

Badlands McKenzie 47.594759 -103.317408 2 3 2 2

Badlands McKenzie 47.594219 -103.315699 6 1 12 1

Badlands McKenzie 47599375 —103.343220 1

Badlands McKenzie 47.594472 -103.341095
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Region County Latitude Longitude COTO EPFU LANO LABO LACI MYCI MYEV ~ MYLU MYSE MYTH MYVO
Badlands McKenzie 47.594091 -103.333239 2 1
Badlands McKenzie 47593538 —103.309888

Missouri River McKenzie 48.106122 -103.698141
Missouri River McKenzie 47.980800 -103.973049 1
Missouri River McLean 47215365 -100.966809 6 17
Missouri River McLean 47212149 -100.967527 5 1
Missouri River McLean 47215343 -100.966172 2 2
Missouri River Morton 46.687663 -100.798331
Missouri River Morton 46.687546 -100.799960
Missouri River Morton 46.685051 -100.784613
Missouri River Oliver 47215042 -100.998305 10 8 16 10
Missouri River Oliver 47212243 -100.999409 44 2
Missouri River Oliver 47.164204 -100.982981 1 9 6
Missouri River Williams 48.044480 -103.844301
Pembina Gorge Cavalier 48.960747 -98.125109
Pembina Gorge Cavalier 48.939172 -98.074543 2
Pembina Gorge Cavalier 48.941052 -98.076894
Pembina Gorge Cavalier 48.941229 —98.075473
Pembina Gorge Pembina 48.780858 -97.757362
Red River Bames 46.631823 —97.950017 1
Red River Grand Forks 47946538 -97.506941 4
Red River Grand Forks 47942987 -97.497127
Red River Grand Forks 47937421 —97.505416 1
Red River Grand Forks 47944773 -97.502803
Red River Grand Forks 47939853 —97498141 3 1
Red River Grand Forks 47.940398 -97.497674
Red River Grand Forks 47946896 —97.498137
Red River Grand Forks 47946460 —97.495868 1
Red River Grand Forks 47.936830 —97.499229 1
Red River Grand Forks 47936830 -97.499229 17
Red River Grand Forks 47941239 -97.500781 2 1
Red River Grand Forks 47935974 -97.515668 6
Red River Grand Forks 47938306 -97.508047
Red River Ransom 46.544295 -97.934141
Red River Ransom 46.502661 -97.879391
Red River Richland 46.271565 -96.600656
Red River Richland 46.248547 -96.586994
Red River Traill 47430826 -96.963763
Red River Traill 47417892 -97.068180
Turtle Mountains Bottineau 48.996104 -100.332364
Turtle Mountains Bottineau 48.985407 -100.337950 1 1 3
Turtle Mountains Bottineau 48.986650 -100.335602 2
Turtle Mountains Rollette 48.964436 -99.832791
Turtle Mountains Rollette 48.961894 -99.834078 3
Turtle Mountains Rollette 48.962848 —99.832968

Turtle Mountains Rollette 48.988281 -99.892604
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Appendix B. Bat captures by species and sex. Numbers of bats captured by sex with associated gender ratios in North Dakota,
2009-2012. COTO= C. townsendii, EPFU=E. fuscus, LANO= L. noctivagans, LABO= L. borealis, LACI= L. cinereus, MYCI=M.
ciliolabrum, MYEV= M. evotis, MYLU= M. lucifugus, MYSE= M. septentrionalis, MY TH= M. thysanodes, MY VO= M. volans.

Male Female %Male %Female

COTO 1 0 100.00 0.00
EPFU 15 34 30.61 69.39
LANO 3 48 5.88 94.12
LABO 1 20.00 80.00
LACI 2 0 100.00 0.00
MYCI 7 10 41.18 58.82
MYEV 7 6 53.85 46.15
MYLU 20 149 11.83 88.17
MYSE 6 17 26.09 73.91
MYTH 1 0 100.00 0.00
MYVO 1 1 50.00 50.00
Total 64 269 19.22 80.78

Appendix C. Occurrence map with [UCN Distribution for M. ciliolabrum. Map of M. ciliolabrum captures and the current [IUCN
species distribution.
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