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Abstract

Recognized as an important pathway between the east coast and the interior of the United States, much of the Cum-
berland Gap has been protected as part of the Cumberland Gap National Historical Park (CUGA). CUGA also contains
extensive karst habitats, including Gap Cave, one of the longest caves in Virginia. With the aim of better understanding
the cave biodiversity of CUGA, we conducted biological surveys in park caves and compiled records of other animals
from CUGA caves, including bat monitoring data extending back more than 35 years. Results of that work include: (1)
collecting five new cave-obligate species (troglobionts) from CUGA caves, increasing the number of troglobionts known
from CUGA from 11 to 16; (2) increasing the total records of troglobionts in CUGA caves from 17 to 39; (3) finding an
undescribed isopod (now described as Lirceus zigleri) in the Gap Cave stream; (4) noting six species of bats, including
two federally endangered species—Indiana bats (Myotis sodalis) and northern long-eared bats (Myotis septentrion-
alis)y—from CUGA caves; and (5) recognizing that Gap Cave once hosted one of the largest known populations of
Indiana bats in Virginia. We present an annotated list of the animals found in the caves of the park. The caves of the
Cumberland Gap National Historical Park provide critical habitat to two groups of species with distinct conservation
concerns: poorly known troglobionts that exhibit extreme endemicity and bats under threat from white-nose syndrome
disease.

INTRODUCTION

Situated at the junction of Kentucky, Virginia, and Tennessee, the approximately 8,000-hectare Cumberland Gap
National Historical Park (CUGA) commemorates and preserves the historic path between the east coast and the interi-
or of the continent. Less well known are the biologically significant karst habitats found throughout the park. The most
famous of these is Gap Cave, which was first operated as a show cave in 1888 (Matthews, 2008) and is still open for
guided visits today. At more than 30 kilometers in length, it is one of the longest caves in Virginia. CUGA contains more
than two dozen other caves, most of which are closed to the public. Most of the caves in CUGA are developed in the
Mississippian-aged Greenbrier (Newman) Limestone that crops out along the southern slope of Cumberland Mountain.
Caves east of Cumberland Gap drain to the west through Gap Cave to a spring below the downstream (Cudjos) en-
trance. Some of these caves have been mapped by the Cave Research Foundation. However, we have an incomplete
picture of the biodiversity of CUGA caves.

The Cumberland Gap National Historical Park spreads across four counties—Claiborne County in Tennessee,
Lee County in Virginia, and Bell and Harlan Counties in Kentucky (Fig. 1). Prior to this study, 11 cave-obligate spe-
cies (troglobionts) had been reported from caves within CUGA. Forty-five additional troglobionts are known from the
four-county region surrounding CUGA (Table 1; Niemiller and Zigler, 2013; Holsinger et al., 2013; Christman et al.,
2016). Most of the troglobiont records are from Lee County, a hotspot for cave biodiversity, exhibiting extraordinary
levels of cave-obligate biodiversity and single-county endemic troglobionts (Culver et al., 2000; Shear, 2011; Holsinger
et al., 2013). Troglobionts often have highly restricted ranges and may be endemic to one cave or to a handful of nearby
caves (Christman et al., 2005). As a result of such extreme endemism, cave communities typically include many spe-
cies of conservation concern (Culver et al., 2000; Niemiller et al., 2018). Of the troglobionts known from CUGA, three
are endemic to the park and another is known from only one additional site outside the park.

Caves also provide habitat for bats, particularly as sites for hibernation. In recent years, bat populations in the Appa-
lachians have been affected by Pseudogymnoascus destructans, the causative agent of the white-nose syndrome dis-
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Figure 1. The Cumberland Gap National Historical Park lies at the junction of Kentucky, Virginia, and Tennessee. State boundaries are
indicated by black lines, and the extent of the park is green.
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Table 1. Summary of troglobiont records for counties around the Cumberland Gap National Historical Park.

County State Caves with Troglobiont Records Records Troglobionts
Claiborne Tennessee 16 45 16
Lee Virginia 78 254 49
Bell Kentucky 1 4
Harlan Kentucky 1 4
Total 96 307 562

2 Some troglobionts are known from more than one of these counties. As a result, this number is not the sum of the values above.

ease (WNS). Pseudogymnoascus destructans is a psychrophilic (cold loving) fungus first detected in bats in New York
in winter 2006—2007 (Blehert et al., 2009). The fungus invades the exposed skin of bats causing cutaneous lesions,
increasing the number of arousal bouts during hibernation, and depleting fat reserves needed to survive the winter. The
disease also disrupts the physiology of bats affecting water balance and causing dehydration (Cryan et al., 2010). WNS
was first detected in Virginia in the winter of 2009 at sites in the central and northern mountain regions and in CUGA in
January 2013. By 2013 little brown bats (Myotis lucifugus) had declined statewide by 99.0 %, tri-colored bats (Perimyo-
tis subflavus) by 89.5 %, and Indiana bats (Myotis sodalis) by 33.5 % compared to pre-WNS count averages in Virginia
(Powers et al., 2015). By 2018 little brown bats had declined by 99.1 %, tri-colored bats by 94.1 %, and Indiana bats by
36.1 % compared to pre-WNS count averages (Cheng et al., 2021). While a decline of 36.1 % in Indiana bats does not
appear as dramatic as the 90+ % decline for little brown and tri-colored bats, the comparisons are with pre-WNS count
averages. Indiana bats were already declining in Virginia before WNS, and when compared to the highest historic count
as opposed to the average count, the overall decline is 82.8 %.

To characterize the cave biodiversity of CUGA more fully, we conducted bioinventories of CUGA caves and integrat-
ed our observations with all previously available information about CUGA cave biodiversity.
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METHODS

We conducted bioinventories in 10 caves of CUGA during 2019. When available, we relied on cave maps shared by
the Virginia Speleological Survey, most of which were developed by the Cave Research Foundation, to ensure we visit-
ed all accessible parts of the caves. The bioinventories primarily consisted of visual encounter surveys (as described in
Zigler et al., 2020). We collected vouchers of invertebrate specimens, and made note of, but did not collect, vertebrate
specimens. In several cases, we placed baits (canned tuna) in caves for 48 hours, after which we returned to collect
specimens attracted to the bait. Specimens were preserved in 100 % ethanol in the field, and later sorted and stored in
ethanol at -20 °C or -80 °C prior to identification. Specimens were identified by morphology.

Survey counts of hibernating bats are conducted every other year in accordance with U.S. Fish and Wildlife Ser-
vice’s (USFWS) Indiana Bat Hibernacula Survey Guidelines (Hicks et al., 2009), typically from January to early March.
Historically these counts were conducted during odd numbered years before SARS-CoV-2 became prevalent in the
United States. Because of concerns over potential human transmission of SARS-CoV-2 to bats, the USFWS and State
Wildlife Resource Agencies agreed to postpone the 2021 count to 2022 and resume biennial counts during even num-
bered years. Cave bats typically utilize caves during the winter months (November through March) where they hiber-
nate during periods of low to no insect activity, their primary food source. Hibernating cave bats have fidelity not only to
specific caves, but often to specific passages in caves, allowing the monitoring of population trends through visual and
photographic counts. For comparative purposes, hibernacula counts are typically standardized by counting the same
cave passages biennially. Records presented here before 1995 did not document passages surveyed but are believed
to be the same passages surveyed post-1995.

We compiled additional records of animals in CUGA caves from the literature (especially Holsinger and Culver,
1988; Holsinger et al., 2013; and Christman et al., 2016), from CUGA databases (J. Beeler, pers. comm.), and from other
sources (K. Helf, pers. comm.). We combined our new records with all available earlier records into a single list. The list
also includes records from a handful of caves near CUGA in Claiborne County, Tenn. (Powell Mountain Cave, Obie Mill
Cave, Station Creek Cave, and Tom Balls Cave) for which we had additional information.

Cave Names

Gap Cave has previously been called Cudjos (or Cudjo’s) Cave, King Solomons (or Solomon’s) Cave, Cumberland
Gap Cave, and John A. Murrell Cave (Matthews, 2008). In this report, we refer to it as Gap Cave. Big Salt Cave (also
called Cumberland Gap Saltpetre Cave or Saltpeter Cave) was connected to Gap Cave in 1983 (Matthews, 2008) and
the two caves are now recognized as a single cave system. Some older records are from Big Salt Cave and we report
them that way while recognizing that is part of the Gap Cave System. At times (particularly for bat records) we distin-
guish between the Big Salt Section (upstream) and the Cudjos Section (downstream) of Gap Cave. To aid in protecting
listed bats, alternate names (e.g., Cave A, Cave B) were used for ungated caves in conjunction with information about
bat use. Actual names for these caves may be requested from resource managers at CUGA.

RESULTS

The combined cave records list has 730 entries (Appendix 1). The majority of the records are of invertebrates (62
%, 449/730) with fewer vertebrate (38 %, 281/730) observations. Three invertebrate phyla are represented: Annelida (6
records), Arthropoda (423 records), and Mollusca (18 records). In the course of this project, we increased the number
of troglobiont records from CUGA from 17 to 39 and the number of known troglobionts from 11 to 16. Bat monitoring
records reaching as far back as 1977 revealed six bat species present across nine caves in CUGA. We provide an
annotated list of animals from CUGA caves below. A summary of the Federal status (if any) and NatureServe conser-
vation status rankings (from explorer.natureserve.org) for all troglobionts and for select mammals (including all bats) is
presented in Table 2.

ANNOTATED LIST OF TROGLOBIONTS FROM CUGA
Arachnida

Hesperochernes mirabilis (Banks, 1895) — Southeastern Cave Pseudoscorpion
Sites known from CUGA: Pack Rat Cave (new record)

Commonly associated with bat guano and rodent nests, this pseudoscorpion is one of the most widespread troglo-
bionts in eastern North America (Christman and Culver, 2001). This is the first observation of H. mirabilis in CUGA.
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Table 2. Federal Status (Endangered (EN), Proposed Endangered (PE), or Under Review (UR)) and NatureServe Global and
State (for Virginia, Tennessee, and Kentucky) Conservation Status rankings for all troglobionts and select mammals known
from caves of the Cumberland Gap National Historical Park.

Federal NatureServe Rankings
Taxon and Species Common Name Status Global Va. Tenn. Ky.
Trogliobionts
Arachnida
Hesperochernes mirabilis Southeastern Cave Pseudoscorpion G5 SNR S3 S3
Kleptochthonius lutzi Lutz’'s Cave Pseudoscorpion G1 S1
Lissocreagris valentinei Valentine’s Cave Pseudoscorpion G1 S1
Phanetta subterranea Subterranean Sheetweb Spider G5 S4 S4 S4
Crustacea
Bactrurus angulus Cumberland Gap Cave Amphipod G1 S1 S1
Crangonyx antennatus Appalachian Valley Crangonyctid G5 S3 S4
Stygobromus cumberlandus Cumberland Cave Amphipod G3 S182
Caecidotea cumberlandensis Cumberland Gap Cave Isopod G1 S
Lirceus zigleri Zigler’'s Cave Isopod
Hexapoda
Litocampa sp. A cave dipluran
Pogonognathellus danieli A cave springtail
Pseudosinella hirsuta A cave springtail G5 S1 S3 S4
Pseudanophthalmus hirsutus Cumberland Gap Cave Beetle G1 S1 S1
Spelobia tenebrarum Cave Dung Fly G5 S1 S4S5 S3
Myriapoda
Pseudotremia nodosa A cave millipede G4 S4 S283
Pseudotremia valga A cave millipede G1 S182 S1?
Mammalia
Chiroptera
Eptesicus fuscus Big Brown Bat G5 S5 S5 S5
Myotis leibii Eastern Small-footed Myotis G4 S2 S2 S2
Myotis lucifugus Little Brown Bat UR G3 S2 S3 S2
Myotis septentrionalis Northern Long-eared Bat EN G2 S2 S1 S1
Myotis sodalis Indiana Bat EN G2 S1 S1 S1
Perimyotis subflavus Tri-colored Bat PE G3 S2 S2 S2
Rodentia
Neotoma magister Allegheny Woodrat G3 S3 S3 S3

Kleptochthonius lutzi (Malcolm and Chamberlin, 1961) — Lutz’s Cave Pseudoscorpion
Sites known from CUGA: Gap Cave

This pseudoscorpion is known only from Gap Cave. Immature Kleptochthonius were collected from Skylight Cave in
1971 by W. A. Shear. Those specimens plus additional Kleptochthonius collected from Cliff Cave (a female) and Grassy
Springs Cave (a nymph) during this study may correspond to K. lutzi.

Lissocreagris valentinei (Chamberlin, 1962) — Valentine’s Cave Pseudoscorpion
Sites known from CUGA: Gap Cave

This pseudoscorpion is known only from Gap Cave. W. B. Muchmore identified a specimen from Indian Cave to
Lissocreagris that is listed as L. valentinei in Holsinger et al. (2013) and this unconfirmed record may represent a range
expansion from the only known locality.
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Phanetta subterranea (Emerton, 1875) — Subterranean Sheetweb Spider
Sites known from CUGA: Big Salt Cave, Cliff Cave (new record), Gap Cave, Grassy Springs Cave (new record), Sala-
mander Cave (new record), Tiprell Spider Cave (new record)

This spider may be the most widespread troglobiont in eastern North America (Christman and Culver, 2001).

Crustacea

Bactrurus angulus (Koenemann and Holsinger, 2001) — Cumberland Gap Cave Amphipod
Sites known from CUGA: Big Salt Cave
This amphipod is also known from two sites in Claiborne County, Tenn. (Koenemann and Holsinger, 2001).

Crangonyx antennatus (Cope and Packard, 1881) — Appalachian Valley Crangonyctid
Sites known from CUGA: Big Salt Cave, Gap Cave

This widespread amphipod is known from caves of the Valley and Ridge from southwest Virginia through eastern
Tennessee to northeast Alabama and northwest Georgia (Zhang and Holsinger, 2003).

Stygobromus cumberlandus (Holsinger, 1978) — Cumberland Cave Amphipod
Sites known from CUGA: Cliff Cave, Indian Cave

This amphipod is known from seven caves and a well in Lee County, Scott County, and Wise County, Va. (Holsinger
etal., 2013).

Caecidotea cumberlandensis (Lewis, 2000) — Cumberland Gap Cave Isopod
Sites known from CUGA: Cliff Cave, Indian Cave

This species is completely eyeless and unpigmented, which, like all taxa assigned to the Stygia species group, is an
obligate inhabitant of subterranean waters (Lewis, 2000). Caecidotea cumberlandensis is morphologically similar and
most closely genetically related to C. bicrenata populations in southcentral Kentucky (Lewis, et al., in press). Described
from specimens in two caves located high on Cumberland Mountain in CUGA (Lewis, 2000), the species has recently
been discovered in another cave on Cumberland Mountain in Lee County, Va. (Lewis, et al., in press).

Lirceus zigleri — Zigler’s Cave Isopod
Sites known from CUGA: Gap Cave (new record)

This previously unknown isopod was collected from the underside of rocks in the Gap Cave stream, upstream of the
public tour route. This unpigmented, vestigially eyed species known only to the Gap Cave was described by Lewis, et
al. (2023). Molecular genetic analysis suggests that its closest relative is another undescribed species, which is fully
pigmented and eyed, inhabiting another Lee County cave and spring system about 5 km to the east. These species in
turn are part of an assemblage of morphologically and genetically closely related cryptic species of Lirceus that occur
in the Appalachian Valley. Over half a dozen stygobiontic Lirceus are now known, the majority of which occur in south-
western Virginia (Lewis et al., 2023).

Hexapoda

Litocampa sp. — A cave dipluran
Sites known from CUGA: Gap Cave, Olde Formation Pit

Cave diplurans (likely Litocampa) have been reported from Gap Cave and Olde Formation Pit. We collected a dead
and partially decayed individual from Gap Cave. Litocampa cookei is a widespread species that has been reported
from sites in Lee County, Va. and Claiborne County, Tenn., but there are numerous undescribed species in this genus
(Holsinger et al., 2013), so it is unclear what species is/are present in CUGA.

Pogonognathellus danieli (Felderhoff, Bernard, and Moulton, 2010) — A cave springtail
Sites known from CUGA: Grassy Springs Cave (new record), Pack Rat Cave (new record), Salamander Cave (new
record)

This species was described by Felderhoff et al. (2010) from specimens collected from a cave in the Great Smoky
Mountains National Park (Blount County, Tenn.). These are the first records of this species from Virginia.

Pseudosinella hirsuta (Delamare Deboutteville, 1949) — A cave springtail
Sites known from CUGA: Cliff Cave, Gap Cave, Grassy Springs Cave (new record), Indian Cave (new record), Pack Rat
Cave (new record), Skylight Cave

A widespread cave springtail (Christman and Culver, 2001).
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Pseudanophthalmus hirsutus (Valentine, 1931) — Cumberland Gap Cave Beetle
Sites known from CUGA: Big Salt Cave, Cliff Cave (new record), Gap Cave, Grassy Springs Cave (new record), Indian
Cave

The only other known site for this beetle is Powell Mountain Cave in Claiborne County, Tenn. There are additional
visual records of Pseudanophthalmus from Olde Formation Pit and Pack Rat Cave of CUGA (S. Thomas and K. Helf,
pers. comm.); these likely represent P. hirsutus as well.

Spelobia tenebrarum (Aldrich, 1897) — Cave Dung Fly
Sites known from CUGA: Cliff Cave (new record), Pack Rat Cave (new record), Skylight Cave (new record)

Though common on scat in caves of the southern Appalachians (Marshall and Peck, 1984; Christman and Culver,
2001), this dung fly is only rarely recorded from Virginia caves (Holsinger et al., 2013). These are the first observations
of S. tenebrarum in CUGA.

Myriapoda

Pseudotremia nodosa (Loomis, 1939) — A cave millipede
Sites known from CUGA: Salamander Cave (new record)

This millipede is known from two dozen caves in Lee County, Va. and another dozen caves in Claiborne County,
Union County, and Hancock County, Tenn. (Shear, 2011; Holsinger et al., 2013; Christman et al., 2016). This is the first
observation of P. nodosa in CUGA.

Pseudotremia valga (Loomis, 1943) — A cave millipede
Sites known from CUGA: Big Salt Cave, Cliff Cave (new record), Gap Cave, Indian Cave (new record), Skylight Cave
(new record)

This millipede was first collected from Gap Cave in 1924. Including these new records, P. valga is now known from
seven caves in Lee County, Va. and Claiborne County, Tenn. (Shear, 2011; Holsinger et al., 2013). Based on pigmenta-
tion and eye structure, Shear (2011) considered it a troglophile, but it has only been reported from caves and Holsinger
et al. (2013) considered it a troglobiont.

ADDITIONAL SPECIES KNOWN FROM CUGA CAVES
Arachnida

Calymmaria persica (Hentz, 1847) — Cave Funnel-web Spider
This spider is common in CUGA caves.

Meta ovalis (Gertsch, 1933) — Eastern Cave Long-jawed Spider
This orb weaver is nearly ubiquitous in CUGA caves.

Nesticus carteri (Emerton, 1875) — Carter’s Cave Spider

This spider is common in CUGA caves. It was previously reported from Gap Cave and Skylight Cave (Gertsch,
1984). In addition to those sites, we collected specimens from Indian Cave, Little Saltpeter Cave, Pack Rat Cave, and
Salamander Cave.

Pholcus jusahi (Huber, 2011) — Jusahi’s Cellar Spider
Described from Jackson County, NC (Huber, 2011), our collection from Skylight Cave is the first record of this spe-
cies from Virginia.

Hexapoda

Euhadenoecus fragilis (Hubbell and Norton, 1978) — A cave cricket
This cricket is ubiquitous and common in caves of CUGA. Its range extends north to the Greenbrier Valley in West
Virginia, and south to Claiborne County, Tenn. (Hubbell and Norton, 1978).

Oecothea specus (Aldrich, 1897) and Amoebaleria sp. — Red-eyed flies

These are the common red-eyed (heleomyzid) flies found in caves of the southern Appalachians, including CUGA.
Amoebaleria flies are larger than Oecothea individuals. Work in the Ozarks identified two species of Amoebaleria in
caves there (Barnes et al., 2009).

Spelobia semioculata (Richards, 1965) and S. clunipes (Meigen, 1830) — Dung flies
CUGA caves support several species of dung flies in the genus Spelobia. In addition to S. tenebrarum (a troglobiont,
described above), we also collected S. semioculata in Salamander Cave and S. clunipes in Little Saltpeter Cave.
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Mammalia - Chiroptera

Eptesicus fuscus (Beauvois, 1796) — Big Brown Bat
Sites known from CUGA: Gap Cave System (Big Salt and Cudjos Sections), Little Saltpeter Cave, Cave A, Cave C,
Cave E

While big brown bats are rarely observed hibernating in large clusters, they can be found in many caves but not
consistently from year to year. The Big Salt Section of Gap Cave has the most consistent records for big brown bats,
although in low numbers (Table 3). While big brown bats can contract WNS, their populations do not appear to be sig-
nificantly impacted.

Myotis leibii (Audubon and Bachman, 1842) — Eastern Small-footed Myotis
Sites known from CUGA: Gap Cave System (Big Salt Section), Little Saltpeter Cave, Cave C, Cave D

Like the big brown bat, hibernacula records for the eastern small-footed myotis are variable from year to year. The
fluctuations in counts are typical of this species throughout hibernacula in Virginia. The eastern small-footed myotis
roosts in caves, mines, rocky shelters, talus slopes, and other rock features where finding individuals can be difficult,
thus contributing to variations in counts. The Big Salt Section of Gap Cave has the most consistent records for the
presence of small-footed bats with a single record from Cave C, Little Saltpeter, and Cave D caves (Table 4). Despite
fatalities caused by WNS, small-footed myotis populations appear stable in Virginia.

Table 3. Hibernacula counts for Big Brown Bats (Eptesicus fuscus) by year and site in Cumberland Gap National Historical
Park.

Gap Cave — Gap Cave — Little Saltpeter
Year Big Salt Section Cudjos Section Cave C Cave

1987 1
2001
2003
2005
2007
2009
2011
2013
2015
2017
2019
2022
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Table 4. Hibernacula counts for Eastern Small-footed Myotis (Myotis leibii) by year and site in Cumberland Gap National
Historical Park.

Gap Cave - Little Saltpeter

Year Big Salt Section Cave C Cave Cave D
1987 1 0

2001 0 0

2003 0 0

2005 2 0

2007 2 0

2009 0 1

2011 5 0

2013 2 0 0 0
2015 1 0 0 0
2017 6 0 0 0
2019 4 0 0 2
2022 13 0 2 0
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Myotis lucifugus (LeConte, 1831) — Little brown Bat
Sites known from CUGA: Gap Cave System (Big Salt and Cudjos Sections), Indian Cave, Lewis Hollow Bridge Cave,
Cave A, Cave C, Cave D, Cave E

This was the most abundant species observed in hibernacula throughout the mountain regions of Virginia before
the onset of WNS. From 2009 through 2022, little brown bat populations declined by >99 % in Virginia (Powers et al.,
2015; Cheng et al., 2021). In the Big Salt Section of Gap Cave and Cave C, little brown bats represented 40.2 % and
68.3 % of the hibernating bats counted pre-WNS, respectively. In 2022, little brown bats represented 5.4 % and 5.3 %
of the hibernating bats, respectively. While little brown bat counts fluctuated during pre-WNS years, there was a marked
increase in numbers in the Big Salt Section of Gap Cave and at Cave C starting in 2011, two years after WNS was first
documented in Virginia. This type of increase was documented at other WNS-infected sites where individuals would
congregate at the entrances of caves apparently waiting to forage at dusk. These increased numbers may represent
individuals that were not counted historically due to the limited areas surveyed in caves or may represent immigration
of individuals from other WNS-impacted caves looking for alternative roosting sites. The Cudjos Section in Gap Cave
had a high count of 655 little brown bats in 2009. Surveys in the Cudjos Section were not conducted in 2011 and 2013
to accommodate a separate WNS project studying behavioral changes in hibernating bats pre- and post-WNS. Sur-
veys resumed in 2015 with a marked decline from 2009 followed by an increasing trend through 2022 (Figure 2). While
little brown bat populations appear to be stabilizing in many hibernacula in Virginia, the Cudjos hibernaculum is one of
the few showing an expanding population. This may represent an actual increase in little brown bats in CUGA through
fecundity or a behavioral response of individuals migrating from surrounding caves.

Myotis septentrionalis (Merriam, 1895) — Northern Long-eared Bat
Sites know from CUGA: Gap Cave System (Big Salt and Cudjos Sections), Indian Cave, Lewis Hollow Bridge Cave,
Little Saltpeter Cave, Cave D, Cave E

The northern long-eared bat is a very difficult bat to survey at hibernacula due to their behavior of roosting in deep
crevices and under rocks (Whitaker 1982; Caceres and Barclay, 2000). For that reason, hibernacula surveys are not a
reliable technique to assess trends or presence-absence for this species, at least in Virginia. The highest hibernaculum
count for this species was 41 in Cave D on February 21, 2013. The remaining winter observations have all been of a sin-
gle bat on one occasion. However, mist-net surveys conducted at the lower entrance to the Cudjos Section documented
northern long-eared bats on three occasions. On April 4, 2006, 13 individuals (3 females, 9 males, and 1 of unknown
sex) were captured. On May 30, 2012, 17 males were captured exiting the cave. Many of the individuals were noted as
being dirty with soil particles found on their fur or exposed skin. On June 3, 2013, 16 individuals (15 males and 1 fe-
male) were captured both ex-

1000 iting and entering the cave.
The dirty bats suggest these

-A-Gap Cave - Big Salt Section individuals were roosting in

800 - - Cave C the cave in areas where they
~@-Gap Cave - Cudjos Section could contact soil (deep crev-

ices or under rocks) and po-
tentially overlooked during
hibernacula surveys. Three
individuals were observed
roosting in Indian Cave on
May 30, 2012, and one individ-
ual was documented roosting
in Lewis Hollow Bridge Cave
on August 31, 2021. Gum-
bert et al. (2006) captured 10
individuals at the entrance
to Cave E by mist-netting on
April 13, 2006. While these re-
cords are outside the normal
hibernacula survey months of
Year January through March, male
bats are known to leave hi-
Figure 2. Little brown bat (Myotis lucifugus) hibernacula counts and population trend in Cumberland bernacula later than females

Gap National Historical Park. The vertical bar at 2013 indicates when white-nose syndrome was and thus could have been hi-
first detected in CUGA.
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bernating in Gap Cave or the
1200 I other caves (Norquay and Wil-
A — — I - lis, 2014; Czenze and Willis,
a A-Gap Cave - Big Salt Section 2015). While WNS impacts to
1000 - % -®-Cave C the northern long-eared bat in
’ . ~@-Gap Cave - Cudjos Section karst habitats have been dra-
, \ matic, there are populations in
800 1 / \‘k coastal areas and in parts of
v the Appalachians not in close
proximity to caves or other
karst features that are persist-
ing (Jordan, 2020). Whether
or not these areas persist as
refugia for the northern long-
eared bat will only be realized
through time.

600 - /

400 {

Myotis sodalis observed

Myotis sodalis (Miller and Al-
len, 1928) — Indiana Bat

Sites known from CUGA: Gap
Cave System (Big Salt and
Cudjos Sections), Little Salt-
peter Cave, Cave C

Figure 3. Indiana bat (Myotis sodalis) hibernacula counts and population trend in Cumberland Gap In_dlana bats _have been
National Historical Park. The vertical bar at 2013 indicates when white-nose syndrome was first consistently (multiple consec-
detected in CUGA. utive survey years) document-

ed at 15 caves and incidentally
at 8 additional caves in Virginia, Little Saltpeter Cave being one. In the Gap Cave System, areas in the Big Salt Section
near the Big Saltpetre and Saltpetre Well entrances supported one of Virginia’s largest documented Indiana bat hi-
bernating populations with a count of 1,094 individuals in 1987. While Indiana bats have been reported in the Cudjos
Section near the lower entrance of Gap Cave, surveys in the 1990s failed to confirm the reports. Indiana bats were
first confirmed in the Cudjos Section of Gap Cave in 2017 when five individuals were observed among clusters of little
brown bats. Cave C is the other historic site in CUGA supporting hibernating Indiana bats with counts conducted back
in the 1980s. After significant declines through the 1990s in CUGA, population numbers appeared to be stabilizing and
slightly increasing until the onset of WNS when the populations continued to decline. Current counts since 2017 sug-
gest a leveling of the population trend, but at a fraction of the historic high count (Figure 3).

1977
1982
1987 |
1992
1997
2002
2007
2012;
2017
2022

Year

Perimyotis subflavus (F. Cuvier, 1832) — Tri-colored Bat
Sites known from CUGA: Gap Cave System (Big Salt and Cudjos Sections), Indian Cave, Lewis Hollow Bridge Cave,
Little Saltpeter Cave, Cave A, Cave B, Cave C, Cave D, Cave E, Cave F

Despite an overall population decline of 94.1% due to WNS, the tri-colored bat is still today the most commonly ob-
served bat in Virginia caves. Tri-colored bats have been observed in more caves in CUGA than any other bat species.
Similar to the little brown bat trend, high numbers of tri-colored bats were observed at both the Big Salt Section of Gap
Cave and Cave C in 2013. These high counts were followed by significant declines in 2015 with an increasing trend
stabilizing in 2022 (Figure 4).

Mammalia - Rodentia

Neotoma magister (Baird, 1858) — Allegheny Woodrat
Sites know from CUGA: Cliff Cave (new record), Gap Cave System (Big Salt and Cudjos Sections), Indian Cave (new
record), Little Saltpeter Cave, Olde Formation Pit, Packrat Cave, Skylight Cave

Allegheny woodrats are a forest-dwelling species associated with cliffs, rock outcrops, talus slopes, and caves.
Woodrats are frequent visitors to caves and are important importers of organic matter, in the form of nesting materials,
food caches, and fecal and urine deposition, into caves. These organic nutrients are known to support a specialized
invertebrate cave community (Richards, 1989; 1990). Over the last several decades there have been major population
declines in the northern portion of the animal’s range (Hicks, 1989; Hayes, 1990; Beans, 1992; Sciascia, 1993). Because
woodrats are basically solitary and territorial, they usually do not occur in large numbers (normally 1-4) at a site. Conspic-
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uous fresh sign (e.g., latrines,
400 nests, food caches) or an
occasional live/dead individ-
ual of this species has been
observed in several caves at
300 -=-Cave C CUGA. While no formal sur-
~@-Gap Cave - Cudjos Section veys have been conducted for
—& -Cave A woodrats in CUGA, anecdotal
observations provide an initial
overview of the distribution of
woodrats in CUGA.

Myriapoda

-A-Gap Cave - Big Salt Section

200

Pseudotremia fracta (Cham-
berlin, 1951) — A millipede
Our records from Tiprell
Spider Cave and Powell
Mountain Cave in Claiborne
County, Tenn. are the north-
ernmost sites for P. fracta,
which is known from cave and
Year surface localities in eastern
Tennessee and western North

Figure 4. Tri-colored bat (Perimyotis subflavus) hibernacula counts and population trend in Cum-  Carolina (Hoffman, 1981) and
berland Gap National Historical Park. The vertical bar at 2013 indicates when white-nose syndrome  south to northwest Georgia
was first detected in CUGA. (Zigler et al., 2020).
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Oxidus gracilis (Koch, 1847) — Greenhouse Millipede
This introduced species is now commonly encountered in caves of the Appalachians, including in CUGA caves.

DISCUSSION

This study broadened our understanding of cave biodiversity within CUGA. As is common in cave communities,
many of the troglobionts of CUGA exhibit extreme endemism and are of significant conservation concern. Four species
are endemic to the park, with three species—Kleptochthonius lutzi, Lissocreagris valentinei, and Lirceus zigleri—
known only from Gap Cave. Caecidotea cumberlandensis is known from two CUGA caves and nowhere else. Three
additional species have ranges that reach beyond the park borders but do not extend beyond Lee County, VA or Clai-
borne County, TN. Such extreme endemism helps explain the conservation status of these species—six have Nature-
Serve Global Conservation Status ranks of G1 or Critically Imperiled (Table 2), and another (Lirceus zigleri) will likely
be ranked G1 once evaluated. Three additional species have State Conservation Status ranks of S1 or S1S2 in Virginia.

In contrast to the troglobionts, the bats known from CUGA have ranges encompassing large portions of North Amer-
ica, but nearly all are of conservation concern due to a combination of long-term population declines and the recent
impact of WNS. Five of the six bat species known from caves in CUGA have State Conservation Status ranks of S1
or S2 (Imperiled) in Virginia (Table 2). The Indiana bat has been listed as a federally endangered species since 1967,
and its population in CUGA caves has decreased over time (Figure 3). The northern long-eared bat joined the Indiana
bat on the federal Endangered Species list in 2023, as a result of precipitous population declines due to WNS (Cheng
et al., 2021). The tri-colored bat was proposed for listing as federally endangered by the USFWS in September 2022
primarily due to the range-wide impacts of WNS. A final listing decision is expected in September 2023. The little brown
bat is currently under review for listing on the Endangered Species list due to population declines associated with WNS
(Powers et al., 2015; Cheng et al., 2021). Interestingly, the little brown bat hibernaculum in the Cudjos Section of Gap
Cave has seen increasing numbers over the past decade (Figure 2).

Gap Cave is notable as a hotspot for cave biodiversity on a regional scale. With ten described troglobionts, and an
as-yet-unidentified Litocampa sp., Gap Cave is one of only four caves in Virginia known to support 10 or more troglo-
bionts (Christman et al., 2016). In addition, Gap Cave is the type locality for K. lutzi, L. valentinei, Pseudanophthalmus
hirsutus, and Pseudotremia valga. Gap Cave is one of only two caves in Virginia that is the type locality for five troglo-
bionts (Christman et al., 2016). Beyond the troglobionts, six bat species are known from Gap Cave, and it supports the
largest population of federally endangered Indiana bats in CUGA.
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Further biosurvey work in Gap Cave is recommended, as it is likely that troglobionts known from other caves in
CUGA but not yet recorded from Gap Cave will be observed. Species likely to be recorded from Gap Cave are Hes-
perochernes mirabilis, Stygobromus cumberlandus, Caecidotea cumberlandensis, Pogonognathellus danieli, and Sp-
elobia tenebrarum. This would help to fill out the picture of cave biodiversity in Gap Cave. In addition, further study of
the distribution, population density, and life history of Lirceus zigleri in the Gap Cave stream would improve our under-
standing of this newly discovered single-cave endemic. The long-term, standardized bat monitoring that has been done
for decades in CUGA provides critical information about population trends that can inform management decisions and
conservation plans for these increasingly threatened animals.

CUGA hosts significant cave biodiversity. Many of the species known from park caves are of conservation concern,
including several species that are endemic to the park. Gap Cave is notable as one of the most biodiverse caves in
Virginia, and it is likely that additional biosurveys in Gap Cave will detect even more species. CUGA supports some
of the most biodiverse cave communities on National Park Service property, providing critical habitat to two groups
of species facing distinct conservation concerns—poorly known troglobionts that exhibit extreme endemicity and bats
under threat from WNS.
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