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Abstract

Bats are being impacted by many threats (e.g., human disturbance of maternity roost sites and white-nose syndrome). Bat
maternity roosts are a limited resource, and bats exhibit strong fidelity to these sites; therefore, identifying these features
and conserving the surrounding habitat are important for bat management. Southern Idaho consists of the largest, contigu-
ous volcanic pseudokarst area in the U.S., which provides important cave habitat for bats, but little is known about bat
maternity roosts in this area. We compiled data spanning 36 years in southern Idaho to identify caves used by maternity
colonies. From June 1980 to August 2016, researchers surveyed 313 caves. We documented 11 caves used by maternity
colonies of Townsend’s big-eared bats (Corynorhinus townsendii), and 10 caves that were potentially used by maternity
colonies. Inthe 11 caves used as maternity roosts, the median number of Townsend’s big-eared bats was 38, and the mean
number was 49 individuals (SD =47.1, range = 8 to 160 bats). Our data highlight southern Idaho as an important maternity
roosting area for bats in Idaho and western North America, and provide baseline information of maternity caves prior to
the arrival of white-nose syndrome, which can help managers during land-use planning in this area.
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Introduction many bats that hibernate in caves (Blehert et al.
2009, Foley et al. 2011, Janicki et al. 2015), and
many species of bats could be at risk of significant
declines or extinction due to this disease (Frick et
al. 2010, Maher et al. 2012, Ingersoll et al. 2013).
Additionally, white-nose syndrome has recently
been documented in the western U.S. (Lorch et

Human disturbance of maternity roost sites and
white-nose syndrome have impacted bat popula-
tions. The loss, modification, and disturbance of
roost sites by humans have long been concerns
for bat populations (McCracken 1989, Sheffield
et al. 1992, Adams 2003). These concerns are

especially true for Townsend’s big-eared bats
(Corynorhinus townsendii) in caves (Pierson et
al. 1999, Sherwin et al. 2000, Gruver and Keinath
2006). White-nose syndrome is a major threat to
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al. 2016), and will likely arrive in Idaho in the
next decade (Mabher et al. 2012), if not sooner.
Bats from the genus Corynorhinus can carry the
fungal pathogen Pseudogymnoascus destruc-
tans that causes white-nose syndrome and may
facilitate the spread of that fungus (Bernard et
al. 2015). Because of these threats, it is essential
for the conservation and management of bats and



their habitat to document caves used as maternity
roost sites (McCracken 1989, Olson et al. 2011,
Lee et al. 2015).

Caves used as maternity roosts are a limited
resource (McCracken 1989, Sheffield et al. 1992,
Sherwin et al. 2003), and bats exhibit strong fidel-
ity to these sites throughout the maternity season
and across years (Pearson et al. 1952, Humphrey
and Kunz 1976, Sherwin et al. 2003). Townsend’s
big-eared bats can use the same maternity roost
for at least 25 years (Wainwright and Reynolds
2013, Fellers and Halstead 2015). Additionally,
the destruction and modification of habitat sur-
rounding roost sites can potentially impact the
suitability of maternity sites (McCracken 1989,
Sheffield et al. 1992, Fellers and Halstead 2015).
Therefore, identifying maternity roost sites allows
biologists to account for these resources during
land-use planning, which will aid the conserva-
tion and management of maternity roosts and
their surrounding habitat (Sheffield et al. 1992).

Southern Idaho consists of the largest, contigu-
ous volcanic pseudokarst area in the United States
(Veni 2002), which provides important cave habitat
for bats. More than 1,500 caves exist in southern
Idaho (Gillies et al. 2014, Slocum et al. 2016),
and this area has one of the highest densities of
bat hibernacula in western North America (Genter
1986, Gillies et al. 2014, Whiting et al. in review).
A comprehensive summary of maternity sites in
this area, however, has not been conducted since
the mid-1990s (Pierson et al. 1999). Current,
baseline data are needed to document the location
and number of maternity roost caves of bats in
southern Idaho. Herein, we compiled data from
surveys over the past 36 years in southern Idaho
to identify caves used by maternity colonies. Our
goal was to provide baseline information on caves
used as maternity roosts for bats, which will aid in
conservation and management of these mammals
and their habitat in this area.

Methods

Study Areas

The 313 caves we studied encompassed remote
areas managed by the U.S. Bureau of Land Man-

agement (BLM) in the Sand Creek Desert, Big
Desert, and Shoshone Desert; as well as areas
managed by Craters of the Moon National Monu-
ment and Preserve. Those areas occupied the
following counties in southern Idaho: Bingham,
Blaine, Bonneville, Butte, Clark, Fremont, Good-
ing, Minidoka, and Power. Our study areas were
located in the Upper Snake River Plain, and
generally consisted of rolling hills with exposed
silicic and basaltic volcanic outcrops and craters
(Beck et al. 2009). Caves in those areas were
formed from tubes of molten flows of basaltic
lava or from lava blisters produced by pockets of
trapped gas that were uncovered when the ceiling
collapsed (Genter 1986, Mullican and Carraway
1990, Gillies et al. 2014). None of the caves in
which surveys were conducted were solution or
limestone caves (Wackenhut 1990, Doering 1996).
Caves in our study areas are extremely important
for hibernating Townsend’s big-eared bats and
western small-footed myotis (Myotis ciliolabrum)
(Whiting et al. in review), as well as to a lesser
extent for big brown bats (Eptesicus fuscus), little
brown myotis (M. lucifugus), Yuma myotis (M.
yumanensis), and long-eared myotis (M. evotis)
(Genter 1986, Wackenhut 1990, Doering 1996).
Bats generally enter caves in our study areas to
hibernate in October and remain in caves until
April (Keller et al. 1993, Bosworth 1994, Doer-
ing 1996).

Elevations in our study areas ranged from 684
m to 2000 m (Wackenhut 1990, Rodhouse et al.
2010, Gillies et al. 2014), and those areas were
considered a cold desert consisting mainly of sage-
brush (4Artemisia tridentata ssp.) steppe vegetation
(Reynolds et al. 1986, Nelle et al. 2000, Gillies et
al. 2014). General weather patterns in our study
areas were characterized by hot, dry summers and
cold winters (Genter 1986, Reynolds et al. 1986,
Wackenhut 1990). Most precipitation occurred
during winter as snow and during spring as rain
or snow (Reynolds et al. 1986, Wackenhut 1990,
Rodhouse et al. 2010).

Craters of the Moon National Monument and
Preserve is a relatively pristine and unique area that
consists of extensive basalt lava fields covering >
1,025 km? (Rodhouse et al. 2010). These lava fields
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have created kipukas, which are large, relatively
undisturbed islands of native soil and vegetation
(Tisdale et al. 1965, Bangert and Huntly 2010).
Kipukas have little direct impact from humans
due to the impassable nature of the surrounding
lava (Tisdale et al. 1965, Bangert and Huntly
2010). Fifty-seven caves in our study areas were
included in Craters of the Moon National Monu-
ment and Preserve in 1924 (Slocum et al. 2016).
Five more caves were previously managed by the
BLM, but were later incorporated into Craters
of the Moon National Monument and Preserve
in 2000 with the expansion of the monument. If
caves were surveyed by BLM biologists and later
incorporated into Craters of the Moon National
Monument and Preserve and surveyed after 2000
by monument biologists, we considered those caves
as being part of the monument. In this manuscript,
names of caves have been replaced with number
and letter combinations to minimize revealing
locations of caves, which can lead to damage of
roost sites (Sheffield et al. 1992, Wainwright and
Reynolds 2013).

Survey Methods

In spring and summer, female Townsend’s big-
eared bats form maternity colonies in caves and
mines (Twente 1955, Humphrey and Kunz 1976,
Kunz and Martin 1982). During that time, males
occur solitarily or in small groups (mean of two
bats) in bachelor roosts (Pearson et al. 1952,
Humphrey and Kunz 1976). Female Townsend’s
big-eared bats exhibit strong fidelity to maternity
sites throughout the maternity season and across
years (Pearson et al. 1952, Humphrey and Kunz
1976, Sherwin et al. 2003), even up to 25 years
(Fellers and Halstead 2015). Researchers in our
study areas focused surveys on maternity sites,
because these areas have been identified as critical
for the conservation of bats and the management
of their habitat (Sheffield et al. 1992), especially
Townsend’s big-eared bats (Reid et al. 2010, Fell-
ers and Halstead 2015, Lee et al. 2015). Surveys
for maternity colonies are often conducted from
May to September (Humphrey and Kunz 1976,
Pierson and Rainey 1998, Sherwin et al. 2003).
Maternity colonies of Townsend’s big-eared bats
often roost in conspicuous areas in densely packed
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clusters, which facilitates identifying them (Reid
etal. 2010, Humphrey and Kunz 1976). Addition-
ally, this species is recognizable by their long ears
(Humphrey and Kunz 1976, Genter 1986).

Intermittently from 1992 to 2002, extensive
effort was made by the Idaho Cave Survey (a
nonprofit organization of the National Speleologi-
cal Society that had surveyed caves in southeast-
ern Idaho since 1981)—in conjunction with the
BLM, Bat Conservation International, and the
North American Bat Conservation Partnership
to identify, document use by bats, and map the
interior of caves in the Sand Creek Desert and Big
Desert (Earl and Earl 2000, 2002). All of those
surveys were conducted from May through Sep-
tember. The mean (= SD) number of researchers
conducting surveys in the Sand Creek Desert and
Big Desert was 2 (= 0.7, range = 1 to 5 individu-
als). Additionally from 17 July to 1 August 2014,
maternity roost searches were conducted by >
three researchers in the Shoshone Desert. During
six days of searching, 32 caves were visited that
were suspected to be roost sites. Moreover, from
2 June to 15 August 2016; two geologists entered
69 caves in the Shoshone Desert and documented
the occurrences of maternity colonies.

Similar surveys were conducted intermittently
by university researchers and biologists in Craters
of the Moon National Monument and Preserve
from June 1980 through August 2015 (Keller et
al. 1993; Keller and Saathoff 1995, 1996; Keller
1999). Often, only a date range (e.g., 29 June to
22 August 1994) was given for those surveys.
During such instances, 76% of surveys occurred
from June through August. The main purpose of
those surveys was to discover and document caves
with potential roosting habitat for bats (Keller and
Saathoff 1995, 1996; Earl and Earl 2000, 2002). In
Craters of the Moon National Monument and Pre-
serve the mean number of researchers conducting
surveys fluctuated based on survey type and year,
but were usually conducted by one or two people
(Keller and Saathoff 1995, 1996; Keller 1999).

We searched reports, field notes, and documents
from surveys to identify maternity roosts (Keller
and Saathoff 1995, 1996; Keller 1999; Earl and
Earl 2000, 2002). We designated a cave as a ma-



Table 1.  Maternity roost sites for bats in the Sand Creek Desert (SC) and Shoshone Desert (SD) from surveys conducted from
1992 to 2016, as well as in Craters of the Moon National Monument and Preserve (CRMO) from surveys conducted
from 1980 to 2015 in southern Idaho.

Cave Area Date surveyed Species observed Estimated # of bats
SC 23 SC 1996 Townsend’s big-eared bat Bats observed?
SC 23 SC 1999 Townsend’s big-eared bat Bats observed®
SC 100 SC 2000 Townsend’s big-eared bat Bats observed®
SC 100 SC 22 Jul 03 Townsend’s big-eared bat > 100

SC 100 SC 25 Jul 03 Townsend’s big-eared bat 160 to 200

SC 100 SC Aug 06 Townsend’s big-eared bat 28

SD 1 SD 18 Jul 14 Townsend’s big-eared bat 8

CM 1 CRMO 1992 Townsend’s big-eared bat Bats observed®
CM3 CRMO 1998 Townsend’s big-eared bat Bats observed?
CM 4 CRMO 1985 Townsend’s big-eared bat Bats observed?
CM 4 CRMO 1999 Townsend’s big-eared bat >24

CM 26 CRMO Aug 08 Townsend’s big-eared bat Bats observed®
CM 28 CRMO 20 Jul 99 Unknown*® 40 to 50

CM 32 CRMO 8 Jul 94 Townsend’s big-eared bat 40 to 50

CM 39 CRMO 1995 Townsend’s big-eared bat 35

CM 40 CRMO 1993 Townsend’s big-eared bat Bats observed?
CM 54 CRMO 21 Jun 90 Long-eared myotis? Bats observed®
CM 54 CRMO 1993 Townsend’s big-eared bat 60 to 80

CM 54 CRMO 1994 Townsend’s big-eared bat 40

“Number of bats not recorded.

bSeventeen adults and 11 juveniles captured using a harp trap at the entrance of the cave (Miller 2007).

‘Likely Townsend’s big-eared bats.

dPossible misidentification, most likely Townsend’s big-eared bats.

ternity roost when any number of females with
pups were observed or if a large number of bats
(> 20 individuals) were observed during a survey
(Humphrey and Kunz 1976, Kunz and Martin
1982). We calculated a median and mean number
of bats in maternity colonies when the number of
bats was recorded. When an estimated range of
numbers was recorded during a survey, we used
the lowest value in that range for the calculation
of median and mean numbers of bats. Addition-
ally, researchers documented if piles of bat guano
(up to 3 ft x 4 ft) were observed in caves (Keller
et al. 1993; Earl and Earl 2000, 2002). Piles of
guano are an indication of a potential maternity
roost site (Humphrey and Kunz 1976). In each
instance when researchers documented piles of
bat guano, we considered those caves potential
maternity roosts (Humphrey and Kunz 1976,
Sherwin et al. 2003).

Results

Of'the 313 caves surveyed in our study areas (Sand
Creek Desert = 126, Big Desert = 24, Shoshone
Desert= 101, Craters of the Moon National Monu-
ment and Preserve = 62), we documented 12 used
by maternity colonies (Sand Creek Desert = two
or 2% of caves surveyed, Shoshone Desert =1 or
1% of caves surveyed, and Craters of the Moon
National Monument and Preserve =9 or 15% of
caves surveyed; Table 1). Eleven of those caves
were used by Townsend’s big-eared bats (Table 1).
In those 11 caves used as maternity roosts, when
researchers were able to quantify number of bats
(eight surveys in six caves), the median number
of Townsend’s big-ecared bats was 38, and the
mean (£ SD) was 49 individuals (+ 47.1, range =
8 to 160 bats). No other species were observed in
those 12 caves used as maternity roosts, however,
researchers often halted surveys after observing
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Table 2.

Caves potentially used by bat maternity colonies (based on the presence of guano) in the Sand Creek Desert (SC) and

Big Desert (BD) from surveys conducted from 1992 to 2016, as well as in Craters of the Moon National Monument
and Preserve (CRMO) from surveys conducted from 1980 to 2015 in southern Idaho.

Cave Area Date surveyed Sign

SC6 SC 05 Aug 00 Thin layer of bat guano
SC 44 SC 3 Jul 00 Large amounts of bat guano
SC 94 SC 31 Jul 99 Large amounts of bat guano
BD 22 BD 28 Sep 02 Large amounts of bat guano
BD 24 BD 28 Sep 02 Large amounts of bat guano
CM 15 CRMO 27 Sep 02 Large amounts of bat guano
CM 18 CRMO 5Jun 13 Large amounts of bat guano
CM 35 CRMO Large amounts of bat guano
CM 45 CRMO Large amounts of bat guano
CM 47 CRMO Large amounts of bat guano

maternity colonies to limit disturbance to bats;
therefore, they did not survey the entire cave in
those instances. In the remaining 301 caves, 10
caves were potentially used by maternity colonies
based on presence of guano (Sand Creek Desert =
3, Big Desert = 2, Craters of the Moon National
Monument and Preserve = 5; Table 2).

Discussion

We documented 11 caves used by maternity colo-
nies of Townsend’s big-eared bats, and 10 caves
may have been used by maternity colonies of that
species. The majority (i.e., 64%) of documented
and potential caves used as maternity roosts
were located in Craters of the Moon National
Monument and Preserve. In 1999, when the last
comprehensive update occurred, three maternity
roosts were documented in southern Idaho, two
of which were located in Craters of the Moon
National Monument and Preserve (Pierson et al.
1999). The number of recorded maternity roosts
in caves for the subspecies of Townsend’s big-
eared bats (C. . townsendii) in western North
America (Piaggio and Perkins 2005) ranges from
23 in California to < six in Arizona, Colorado,
Montana, Nevada, Oregon, South Dakota, Utah,
Wyoming, and British Columbia (Pierson and
Rainey 1998, Pierson et al. 1999, Reid et al. 2010,
Wainwright and Reynolds 2013). Moreover, in
California over the last 20 to 40 years, the number
of maternity colonies for this species has declined
by 52% (Pierson and Rainey 1998, Fellers and
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Halstead 2015). Conservation concern exists for
Townsend’s big-eared bats (Piaggio and Perkins
2005, Gruver and Keinath 2006). Our data indicate
the importance of southern Idaho for maternity
colonies of this species in western North America.
More caves than we identified likely exist in our
study areas that are used as maternity roosts sites
by bats (Genter 1986, Wackenhut 1990, Gillies et
al. 2014), further highlighting the importance of
these areas for the conservation and management
of Townsend’s big-cared bats.

Median number of Townsend’s big-eared bats
we documented was 38, and mean number was 49
individuals. Previous estimates for maternity colo-
nies in Idaho were 40-50 individuals in two caves
in Craters of the Moon National Monument and
Preserve (Pierson et al. 1999). Maternity colony
size of Townsend’s big-eared bats in western North
America varies from two to 500 individuals in
Arizona, California, Montana, Nevada, Oregon,
South Dakota, Utah, and Wyoming (Pierson et
al. 1999), but usually does not exceed 100 bats
(Pearson et al. 1952, Kunz and Martin 1982). In
California, the median number of roosting bats
was 75 individuals in 38 maternity roost sites
(Pierson et al. 1999). In California over the last
20 to 40 years, however, the number of adult
females at maternity roosts has declined by 55%
(Fellers and Halstead 2015). Our data provide
a baseline number of individuals in maternity
colonies, which can be used to compare changes
across years in our study areas.



Monitoring and surveying are important com-
ponents of management and conservation plans
for bats (Pierson et al. 1999, Wainwright and
Reynolds 2013, IDFG 2017). Biologists at Point
Reyes National Sea Shore in California closed
entrances for humans to a maternity roost for
Townsend’s big-eared bats in an abandoned house
that was vandalized (Fellers and Halstead 2015).
Thereafter, scientists monitored the response
of that bat colony for 24 years, and number of
females increased at a mean annual rate of 8.7%
(Fellers and Halstead 2015). Those biologists at-
tributed that increase to the implemented closure
of potential entrances to humans (Fellers and
Halstead 2015), and recommend that if similar
management practices are implemented at other
roost sites, such actions may lead to an increase
in colony size (Fellers and Halstead 2015). Some
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