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ABSTRACT

VERONICA BROOK MULLEN. Spatial and Temporal Trends of Bat Populations at

Dunbar Cave State Natural Area, Montgomery County, Tennessee (Under the direction

of ANDREW N. BARRASS).

Bats are of global conservation concern, mainly due to human associated
disturbance and habitat destruction. Some bat species, once considered to be common,
may become threatened or endangered in the near future. There is a lack of information
regarding details of abundance, roost-site selection, site fidelity and seasonal cave use
among local bat populations. The purpose of this study was to provide such details for
the bat populations of Dunbar Cave. Specifically, to determine whether bat populations
at Dunbar Cave have increased in abundance and diversity over time, as well as, to
investigate cave chamber preference and spatial distribution of the local bat populations,
within Dunbar Cave. Another goal of this study was to investigate additional bat species
present in the areas surrounding Dunbar Cave through the use of acoustic monitoring.
Dunbar Cave has been subjected to immeasurable amounts of human disturbance. In
early 2010 the public was prohibited from entering Dunbar Cave, and since this time the
bat populations may have begun to recover. Bats were captured at the cave entrance from
May through August, and cave surveys were conducted throughout the year of 2011 and
2012. All captured individuals were banded and species, sex, age, and reproductive
status were determined. A total of 473 bats were banded and four bat species were
captured. At least ten additional species were detected through bio-acoustics. The tri-
colored bat (Perimyotis subflavus) was the most prevalent species, and the majority of

bats observed were adult males. Comparison of these results to those of previous studies



indicates that the bat population at this cave continues to increase. Bats are using Dunbar
Cave year round. The highest in-cave occupation occurs during winter and spring, and
three cave chambers are preferred. There is evidence for clumping or formation of
population aggregations within at least three areas of the cave. Dunbar Cave serves as an
important site for the local bat populations, and provides habitat for reproduction,
hibernation, and colonization. Continued monitoring and additional research is needed at

this site to reach more advanced conclusions regarding the social structure and roost

preferences of the inhabiting bat populations.
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CHAPTER1

INTRODUCTION

Introduction and General Information

Bats are the second most speciose order of mammals, and arguably
the most diverse (Glover & Altringham 2008). As the only mammals
capable of flight, bats are able to disperse and traverse considerable
distances. Bats occupy a wide geographical range and can be found on
every continent but Antarctica. There are more than 1,100 recognized
species of bat, comprising approximately 20 percent of all mammalian
species (O’Shea et al. 2004). Bats provide several benefits to humans and
ecosystems alike. Economically, bats serve important roles as pollinators,
seed dispersers, and consumers of pest insects that may potentially
damage a wide array of agricultural crops. A recent study predicted that
the loss of bats in North America would lead to an annual agricultural loss
of approximately $22.9 billion (Boyles et al. 2011). Regionally, that
cquates to between $4.8 and $6.6 million a year in agricultural cost

(Boyles etal. 2011).

Locally, bat populations are threatened by many factors. Habitat
destruction in the form of deforestation, as well as, damage to
underground hibernacula and roosting sites through commercialism and
vandalism greatly affect bat populations (O’Shea et al. 2003). Other
threats to bat populations include the intake of pesticides through

consumption of chemical laden insects, and wind turbine related mortality



(Boyles et al. 2011). In addition, cave-dwelling bats of the Eastern United
States have recently suffered unprecedented mortality due to the emergent

disease White Nose Syndrome (WNS) (Blehert et al. 2009; Boyles &

Willis 2009; Frick et al. 2010).

White Nose Syndrome has been characterized as a condition of
hibernating bats and was named after the white fungal growth observed on
the muzzles. ears, and wing membranes of affected bats. White Nose
Syndrome is caused by the cold-loving fungus, Geomyces destructans,
(Gargas et al. 2009), which grows optimally between five and ten degrees
Celsius, but can survive at temperatures of up to 20°C (Blehart et al.
2009). Asaresult, G. destructans thrives in bat hibernacula. such as
mines and caves, which locally range in temperature between two and
14°C (Blehart et al. 2009). Once established. the hyphae of this fungus
invade hair follicles and associated sweat and sebaceous glands,
eventually breaching the basement membrane of the underlying tissue
(Blehart et al. 2009: Gargas et al. 2009). Consequently. a cutaneous fungal
infection occurs and produces physical irritation to bats in torpor, causing
them to repeatedly arouse from hibernation in order to groom themselves.
This increased activity during a normally inactive period leads to the
premature depletion of fat reserves in affected individuals (Blehart et al.
2009).

Many endothermic animals enter prolonged bouts of decreased

physiological activity. known as torpor. during periods of time when food



may be scarce or unavailable. Torpor is characterized by a markedly
reduced metabolic rate, as well as, a lowered body temperature
(Wojciechowski et al. 2007). Insectivorous bats of temperate regions usc
both daily and hibernation torpor. Arousal from daily torpor occurs
diurnally, while arousal during hibernation torpor is suppressed for
prolonged periods of time (Willis & Brigham 2003; Wojciechowski et al.
2007). Hibernation torpor can last up to 80 days in many insectivorous bat
species (Wojciechowski et al. 2007). During hibernation torpor,
insectivorous bats spend 99% of their time in an inactive, lethargic state,
while the remaining 1% is filled with bouts of temporary arousal to forage,
drink water, or relocate within hibernacula (Boyles & Willis 2009). The
energy used during these bouts requires a metabolic rate increase close to
400 times greater than that needed during torpor (Thomas et al. 1990).
When infected with WNS, a bat arouses more frequently and for a longer
time period, thereby depleting fat reserves at a quicker rate, and ultimately
starving to death or dehydrating before the end of hibernation. White
Nose Syndrome has also been known to cause scaring and necrosis of
wing tissue in survivor bats. This may contribute to a decrease in foraging
success during active summer months (Reichard & Kunz 2009).

White Nose Syndrome was first documented in 2006 in a cave in
upstate New York (Blehart et al. 2009). Since this time, it has been
documented in 19 states and four Canadian provinces (United States

Geological Survey 2011). On average, approximately 70% mortality is



observed among infected bat populations; however, in the most severely
affected areas WNS has destroyed entire bat colonies (Gargas et al. 2009;
Boyles et al. 2011). The United States Fish and Wildlife Service (2012)

estimates that, since 2006, WNS has killed five to seven million bats in the

eastern United States alone.

At least six species or subspecies of bats in the continental U.S.
are listed as endangered (O’Shea et al. 2003; United States Fish and
Wildlife Service 2011). The majority of these is either obligate cave-
dwelling species, or are dependent upon caves for at least some portion of
their lives (Harvey 1997; Briggler & Prather 2003). This has been true
even before WNS was observed in the United States. It has been
predicted, however, that due to the devastating effects of WNS at least one
cave-dwelling bat species that was once considered common may become
regionally extinct within the next thirty years (Frick et al. 2010).
Additional species are being considered for federal listing as threatened or
endangered species (United States Fish and Wildlife Service 2011).
Because little is known regarding the spread of WNS, all nonessential
human travel into caves and other known hibernacula has been banded on
public lands at this time (Center for Biological Diversity, 2011).

There is growing concern regarding the status of bats in the United
States. As aresult, an interest in bat ecology and management aimed
toward conservation of bat populations has re-emerged. Historically, bat

management strategies were primarily observational based, and relied



heavily on ancedotal evidence (Ellison et al. 2003; O’Shea et al. 2003).
Bats possess certain natural history traits that make them very vulnerable
to population declines. Many species give birth to only one young
annually, and typically do not reach reproductive maturity until at least
one year of age (Fenton 2003). Bats are the only mammal capable of
flight, they are secretive and nocturnal, and therefore can be difficult
organisms to study (Ellison et al. 2003; O’Shea & Bogan 2003). Asa
result, there remains a lack of basic behavioral, biological, and ecological
information regarding details of roosting, foraging, and population
demographics (Fenton 2003). Furthermore, little published information
exists on abundance, site-selection, and seasonal site use by many bat

species (Rabinowitz 1981; Sandel, et al. 2001;Briggler &Prather 2003).

Nevertheless, these animals are easily captured, taxonomically
stable (i.e., easily identified to species with few recent changes), and fill a
variety of ecological niches (Jones et al. 2009). In addition, bats are
relatively long-lived, use an assortment of habitat types, and are sensitive
to ecological change (Fenton 2003 Jones et al. 2009). All of these
characteristics distinguish bats as excellent bio-indicator organisms. For
example, Hickey, et al. (2001) used Vespertilionid bats as environmental
indicators, by measuring the annual amounts of heavy metals accumulated
in their fur. Additionally, because of their need for both a food source, as

well as, a roost site within one area, bats can be used to assess the impact



of habitat changes from urban to rural and wild situations (Sandel et al.
2001: Owen et al.2003).

Bats of the Southeastern United States are all insectivorous, and
the majority of these belong to the family Vespertilionidae (Forsyth 1999),
the most globally widespread and diverse family of bats (Graham 1994,
Hester & Myers 2001). Vespertilionid bats generally display what is
known as a fission-fusion reproductive strategy (Kerth 2008). Fission-
fusion refers to the tendency that, depending on the season, these animals
will either sexually segregate (fission), or form heterogeneous colonies
(fusion). For example, during late spring and early summer, female
Vespertilionid bats segregate into maternity colonies. Here gestation is
completed and parturition takes place. The newly born young are nursed
for roughly three to five weeks, or until self-feeding behavior is learned
(Barbour & Davis 1969). Likewise, male bats segregate from the colony
during summer and roost either singularly or among bachelor colonies
(Barbour & Davis 1969; Tuttle 2006). By autumn, the young of the year,
along with the reproductively active adults of both sexes, begin to
congregate at the entrances to winter hibernacula.

This behavior is known as swarming, and was perhaps described
best by Glover and Altringham (2008) who characterized swarming as,
“intense chasing flights in and around underground sites, by large,
transient, multi-species bat assemblages”. Swarming generally occurs in

autumn, but may take place anywhere from late July through November

(8]



(Rivers et al. 2006: Glover & Altringham 2008). The purpose of
swarming is not entirely understood, however, there are currently two
equally accepted hypotheses in regard to this event (Kerth et al. 2003;
Parsons et al. 2003). One hypothesis suggests that the main function of
swarming behavior is related to mating (Kerth et al. 2003; Parsons et al.
2003: Glover & Altringham 2008). Several species of bat attend
swarming events, and individuals at these sites may vary from day to day
(Parsons et al. 2003). As a result, swarming facilitates the maintenance of
gene flow among bat populations (Kerth et al. 2003; Veith et al. 2004). It
is also proposed that swarming serves as an opportunity for social learning
in juvenile bats (Kerth et al. 2003; Parsons et al. 2003; Glover &
Altringham 2008). During this time, the young of the year may be led to
known winter hibernacula by adults, and are consequently given the

opportunity to familiarize themselves with these areas (Kerth 2003).

As winter approaches, temperatures begin to drop, and insect
populations become unavailable as food sources for insectivorous bat
populations. Cave-dwelling bats of both sexes begin to secure roost sites
within winter hibernacula and enter torpor. Some species roost singularly;
scattered throughout cave chambers, crevices, or other underground sites,
whereas others congregate into large aggregations. Copulation among
Vespertilionid bats has been observed during both fall swarming, as well
as, during hibernation (Cockrum 1955; Hill & Smith 1984). Sperm is

stored by females over winter, and ovulation does not occur until arousal



from torpor in the spring (Barbour &Davis 1969 Hill & Smith 1984).
Fertilization takes place shortly after, and females begin to leave the
hibernaculum. A male biased sex-ratio is generally observed among
hibernating bat populations (Briggler & Prather, 2003), and has also been
noted during the early months of swarming (Kerth et al. 2003). As the
swarming season progresses, however, this ratio begins to approach the

expected 1:1 ratio, as females arrive from maternity colonies (Cope &

Humphrey 1977; Kerth et al. 2003).

Study Site

Research was conducted at Dunbar Cave State Natural Area in
Clarksville, Montgomery County, Tennessce. This site 1s an 110 acre area
located approximately one and a half miles northeast of downtown
Clarksville. Dunbar Cave is the main feature of the park, and is one of the
most prominent caves of the surrounding region (Tennessee Department
of Environment and Conservation, 2011). Many community and
recreational activities take place at DCSNA including hiking, fishing,

picnicking. and viewing of wildlife.

Dunbar Cave was formed millions of years ago by the Red River
cutting through limestone, which resulted in a lowering of the local water
table (Tennessee Department of Environment and Conservation, 2011).
As a result, water seeped through cracks and joints of the sinkhole plain
above and down into the Red River water basin. This water was slightly

acidic and over millions of years dissolved the limestone along its route



creating the cave. The known passages and chambers of Dunbar Cave
make up about eight miles and have been heavy explored (Matthews
2005). This particular cave, however, belongs to an extensive network of
caves and sinkholes in the local vicinity, and it is likely that virgin
passages and alternate entrances remain undiscovered (Matthews 2011;
Tennessee Department of Environment and Conservation, 2011). Water
from a variety of sources (i.e. the Red River, seepage from above ground,
and underground springs) run throughout Dunbar Cave forming the River
Styx, which exits as a cold, clear stream below the main entrance of the
cave (Matthews 2005). This stream was impounded at some point, and

back-water formed a 15 acre pond, known as Swan Lake (Figure 1).

Humans have been attracted to the constant stream flow and
natural air conditioning of Dunbar Cave for thousands of years (Matthews
2005; Tennessee Department of Environment and Conservation 2011).
Archeological evidence found near the entrance of Dunbar Cave dates
back to as far as 10,000 years ago, and is believed to have originated from
Paleo-Indian activity (Matthews 2005). In addition, petroglyphs have
been found on several of the cave walls and are associated with the
Mississippian culture (Simek et al. 2007). Consequently, Dunbar Cave has

been recognized as an important archeological site (Simek et al. 2007).

Dunbar Cave State Natural Area also has a long history of
commercial use (Matthews 2011). Many large events were held within the

cave, and at times the inner chambers housed thousands of people. *“When



brilliantly lighted with electricity through all of its caverns, byways, and
magnificent halls, some three or four miles underground, it (Dunbar Cave)
will furnish a day's entertainment and ample accommodations for 20,000
people” (Matthews 2005). An electric lighting system was, indeed,
installed in the cave and tours were given on a regular basis. Passageways
and several central chambers were excavated on a large scale in order to
hold these large groups of people. In 1948, then country music star Roy
Acuff purchased the cave and surrounding property (Matthews 2005). A
concession stand and amphitheater were constructed around the cave

entrance, and concerts featuring well known country music artists

regularly took place there (Figure 2).
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Figure 1. Northeast view of the entrance to Dunbar Cave from
Swan Lake.



Figure 2. Entrance to Dunbar Cave surrounded by the
amphitheater and concession stand. Large events were
once held at the entrance to Dunbar Cave. A dance floor
was constructed within the natural amphitheater-like setting
of the surrounding geology, and refreshments were served
to the crowd.



By the carly 1960°s Dunbar Cave was no longer in its heyday, and,
as a result, the property lay dormant for several years (Matthews 2005).
During this period, vandals and amateur explorers frequented this site
(Matthews 2005). Ammunition and other goods were stored there as part
of'a Civil Defense project during the Cold War (Matthews 2005). In the
carly 1970’s, vandals broke into the cave and set fallout shelter supplies
on fire (Matthews 2011). This fire burned for days. It has been reported
that this event led to the death of thousands of roosting bats (Matthews

2011).

Anecdotal, historical and physical information implies that Dunbar
Cave was once inhabited by thousands of bats (Matthews 2011).
Although it is impossible to know exact numbers of species and
individuals, it is evident that a large bat colony did occupy the cave at
some point in the past. Some cave-dwelling bats form large, tightly-
packed colonies during winter hibernation and maternity periods. As
these bats roost they urinate and defecate in an upward direction. Such
colonies generally number in the thousands, and so much waste is expelled
from these animals that a large reddish-brown stain permanently remains
in the area where they congregated (Barbour & Davis 1969). Large stains

can be found on the ceiling of several chambers of Dunbar Cave.

Due to the regional history and proximity of the cave to the Red
and Cumberland Rivers, it is generally believed that these stains were

produced by a large colony of Myotis grisescens (Matthews 2005). Myotis



chambers of warmer caves. like Dunbar Cave (Hill & Smith 1984).
Furthermore, M. grisescens maternity sites are more commonly formed in
caves with standing, or softly flowing streams (Barbour & Davis 1969;
Graham 1994). For these reasons, it is believed that Dunbar Cave was
once home to a summer maternity colony of M. grisescens. This species
is listed by the United States Fish and Wildlife Service (2011) as

endangered.

Myotis grisescens was once one of the most abundant mammals
within its range, but within the last fifty years these populations have been
greatly reduced (Hill & Smith 1984). Because this species uses caves
year-round, it is very vulnerable to habitat destruction. In addition, due to
this species strict roost requirements, only 5% of remaining undisturbed
caves are suitable for occupation (Graham 1994; Harvey et al. 1999).
Currently, 95% of all hibernating M. grisescens populations are restricted
to only eight caves within the eastern United States (Harvey et al. 1999)

(Appendix A).

In 1973 Dunbar Cave and the surrounding property was purchased
by the state of Tennessee and designated as a state natural area (Tennessee
Department of Environment and Conservation 2011). Beginning in 1983,
organized cave tours were offered by the park to attract the public and
generate revenue for DCSNA., (Amy Wallace. DCSNA, Interpretative

Specialist, August 10, 2011). The majority of these tours included groups



of clementary school students, and. on average, was comprised of around
20 individuals (Amy Wallace, DCSNA. Interpretative Specialist August

10. 2011).

Bat populations were not considered when determining cave tour
schedules. Tours occurred throughout spring, summer. fall, and early
winter, at a typical rate of at least ten tours a week (Amy Wallace,
DCSNA. Interpretative Specialist, August 10, 201 1). A study on the
effects of commercial cave tours on bats found that there 1s, in fact, a
positive correlation between the intensity of light and sound created by
cave tours and bat activity (Mann et al. 2002). Human disturbance,
vandalism, and commercialization of hibernacula, alter cave
microclimates, and are principal factors in the decline of bat populations

(Johnson et al. 1998).

Data do not exist in regard to bat populations at Dunbar Cave State
Natural Area until late 2005 when Austin Peay State University began
research here. At this time a “bat-friendly” cave gate had recently been
installed. It is unknown whether bats had difficulty entering the cave prior
to this installment. In addition, the species and number of individuals that
may have been using Dunbar Cave prior to 2005 is unknown. Large
colonies of bats that were reported as having once inhabited Dunbar Cave,
were assumed to have been destroyed or abandoned this site, due to
prolonged human disturbance. Since 2005 four species (Epiesicus fuscus,

Lasiurus borealis, Myotis lucifugus and Perimyotis subflavus) have been



documented either using Dunbar Cave or the surrounding areas. All of
these are relatively common throughout the Southeastern United States

and cover a wide geographic range (Appendices A & B).

In 2009, APSU research assistants were able to convince the park
that public cave tours may have a negative impact on bat populations,
especially during hibernation (Kurz 2011). As a result, beginning in 2009,
the cave was closed to the public from November until March. In March
of 2010, while conducting a routine cave survey, APSU research assistants
discovered a little brown bat (Myotis lucifugus) infected with White Nose
Syndrome inside the cave. Federal and state agencies were notified. and
Dunbar Cave was closed to all human activities in order to reduce further
spread of the Geomyces destructans fungus, as well as. to eliminate
disturbance to an already compromised population. Since this time. only
personnel affiliated with bat research and population monitoring have

been allowed inside Dunbar Cave.

Purpose of this Study

The majority of bat research in the United States has focused on
species legally classified as protected or “endangered™ (Ellison et al.
2003). Monitoring programs for more common bat species are crucial for
providing basic data. such as. habitat selection. landscape usage. and
biological details. Such information is needed for conservation efforts

(O"Shea et al. 2003).



I'he overall goal for this project was to compare abundance,
species diversity, and other population demographics among the cave-
dwelling bat populations of Dunbar Cave to existing data, in order to
determine whether there have been significant changes in the population
over time. More specifically, to investigate whether these populations had
begun to recover from years of human disturbance and whether
populations may have benefitted from the cessation of human recreational
activities and closing of the cave to visitors since 2010. In addition, the
surrounding landscape was surveyed acoustically to create baseline data
for future studies focusing on species found using the areas around Dunbar
Cave. Another major objective for this study was to determine if the
individuals found within the cave were displaying preference in seasonal

cave use, chamber selection, and roost-site selection within chambers.

Data collected during this study were added to Austin Peay State
University and the Center of Excellence in Field Biology’s data-base for
the cave-dwelling bat populations at Dunbar Cave State Natural Area
(DCSNA) as part of an ongoing research project. The maintenance of this
data-base is essential to long-term monitoring by allowing APSU and the
CFB to detect significant changes in bat population demographics over
time. This information can then be used to assist state and federal

agencies in cave restoration and future conservation efforts at this site.



Several general predictions were made based on review of existing

data and scientific literature:

(OS]

There will be an overall increase in abundance and species
diversity among the bat population of Dunbar Cave over time.
There will be an increase in females among the swarming
population, in comparison to previous years.

There will be cave chambers that are preferred by the bat
population.

Bats will be observed aggregating in specific cave chambers.
Several bat species will be recorded using acoustic monitors that

were previously not known to utilize this area.



CHAPTER 11

METHODS AND MATERIALS

Introduction to Methods

The selection of methods used to study bat populations is dependent upon the
target species, as well as, the season(s) that sampling is taking place. Bat activity at a
particular site can vary dramatically, and the same assemblage of species may not be
found at a given location from night to night (O’ Farrell & Gannon 1999). Temperate bat
species, in particular, display a wide range of deviation in behavioral patterns, both
spatially and temporally and are difficult to observe in general (O’Shea et al. 2004;
Weller & Lee 2007). Due to resource partitioning, variation in maneuverability, and
differences in vocalizations between species or among individuals. not all bats are
equally susceptible to any one particular assessment or capture method (Francis 1989:
O’Farrell & Gannon 1999). Thus, each capture technique has inherent biases (Kuenzi &
Morrison. 1998:; O’ Farrell & Gannon 1999). Therefore it is suggested that in order to
collect the most representative sample, a combination of techniques be applied (O'Shea

& Bogan, 2003; Flaquer et al. 2007).

A considerable amount of the knowledge of the biology and behavior of bats has
been obtained through capture of individuals at roost-sites. water holes, and along
foraging fly-ways through the use of mist-nets or harp traps (Francis 1998: OFarrell &
Gannon 1999). Although Kunz and Kurta (1988) described mist-nets as “the most
commonly used devices for capturing flying bats™, harp traps are light-weight and more
easily erected on site (O"Farrell & Gannon 1999: Francis 1998). Moreover, when

considering both the number and diversity of species captured. harp traps are found to be



ten times more efficient than mist-nets, especially when targeting Vespertilionid bat
species (Kunz & Kurta 1988 Francis 1989). Harp traps are also considered to be less
stressful on captured bats (Flaquer et al. 2007). In a few instances. mist-nets have been
found to be more successful at capturing larger bat species, which, in some cases, are able
to use momentum to escape being captured in harp traps (Francis 1989). Nevertheless,
both devices sample a very small area relative to the area that is used by free-flying and
foraging bats. Bats are often able to avoid being captured after consecutive nights of
netting and frequently become “net shy” (Kuenzi & Morrison 1998: Kunz & Kurta,
1988). Often the use of such devices results in sampling only a small portion of the
Chiropteran fauna at a particular site, and some species may be completely missed
(Francis 1989). For example, Francis (1989) noted that smaller species with lower
frequency calls were netted more often than similar sized species with higher frequency
calls. In addition, many forest-dwelling bat species fly at a height that requires several
tiers of mist-netting (Kunz & Kurta 1998). Such materials are expensive and become

difficult to monitor and maintain (Kunz 2003).

Recently. acoustic monitoring of bats. through the use of ultrasonic detectors, has
been heavily incorporated into bat research. Insectivorous bats rely on echolocation to
detect and capture prey. to sense items. and obstacles in their paths. as well as. to
socialize or share information (Fenton 1988: Kunz 2003). In fact. bats have been
considered one of the most vocal groups of animals (Fenton 1988). Individual bats or
species produce distinct vocalizations and acoustic devices allow biologist to record and
visualize these ultrasonic calls. Acoustic monitoring has become an especially useful

technique since the emergence of White Nose Syndrome. This is mainly due to the fact



that ultrasonic recording devices are nonintrusive and facilitate a more hands off

approach to bat identification (O"Farrell & Gannon 1999).

First of all. ultrasonic microphones and recording devices, (i.e. acoustic bat
detectors) are not detectable by bat populations and therefore can be used repeatedly at a
site (Kuenzi & Morrison 1998). In addition, these devices may be used in areas where it
is impossible to place netting and other capture devices (Kuenzi & Morrison 1998: Kunz
& Kurta 2003).  Ultimately, acoustic bat detectors permit sampling of bat populations at
a larger area than nets or traps (Kuenzi & Morrison, 1998, Kunz and Kurta, 2003). The
ability to identify bat calls to species allows a more complete inventory of bat population
assemblages present within an area than by netting or other capture methods alone
O’Farrell & Gannon 1999). Recording and analyzing bat vocalizations may also provide

information on bat behavior and ecology (Fenton 1988).

It is suggested that capture techniques and acoustic monitoring be used in
combination to obtain the most representative data (Kuenzi & Morrison 1998; Fenton
2003; Kunz & Kurta 2003; Flaguer et al. 2007). Therefore, a combination of four
sampling techniques were used in this study, including; harp trapping, mist-netting,
acoustic monitoring, and cave surveys. Additional approval from United States Fish and
Wildlife Service (USFWS) was required to continue cave surveys at Dunbar Cave State
Natural Area - a White Nose Syndrome positive cave. Permit (TWRA #3070) (TDEC
#2011-019)) restrictions were applied and the number of capture and survey events per .

season were limited. This study began in February of 2011, and was completed in

October 0f 2012.



Federal and state agencies permitted seven cave surveys and four harp trapping
events during the first year of research. During the second year of research, eight cave
surveys were permitted, as well as, eight harp trappings. Banding of bats was allowed
during two cave surveys each year, as well as, during all harp trappings. Acoustic

monitoring and mist-netting had no permit limitations,

Cave Surveys

Cave surveys began mid-morning (e.g., 9:00 — 10:00 am) on each of the selected
dates, and were generally completed within three to four hours. Detailed field notes were
recorded during each cave survey. In order to prevent site contamination and the possible
spread of White Nose Syndrome (WNS), researchers wore Tyvek® suits during cave
surveys. Additional cave gear was used to ensure all participants safety. and National
WNS Decontamination Protocol was strictly followed (United States Fish and Wildlife
Service 2012b). A total of 15 cave chambers were examined during each cave survey
(Appendix C). Historically, six cave chambers had been included as part of the State
Natural Areas interpretive cave tour route (Amy Wallace, DCSNA. Interpretative
Specialist, personal communication, August 10, 2011). Other cave chambers were not
surveyed due to inaccessibility, safety concerns (e.g.. rock slides or water traps). or
consistent absence of bats. In an attempt to reduce disturbance to hibernating and day

roosting bats. surveys were mostly observational.

Cave chambers were thoroughly searched for bats and the total number of
individuals per cave chamber was documented. Bats were identified to species and
roosting locations were recorded. by measuring the left or right distance of each

individual from the center point of the chamber, as well as. roost height from the cave



floor up the chamber wall. These measurements were then used to create a micro scale

GIS map using the Arc Map 10, Geographic Information Systems software, and

ultimately for spatial analysis.

During the cave surveys in which banding was permitted, roosting bats were
removed from the cave wall by hand. These banding surveys took place on February 21%
and April 1% of 2011, and March 30" and April 27" 0£ 2012. Only bats within reach
were removed from roost sites and any bats covered in condensation were left untouched.
The presence of condensation typically indicates that a bat may be in a state of torpor
(Harvey etal. 1999). Arousal may cause unnecessary energy expenditure in these
individuals. Researchers wore leather gloves to prevent injury from bat bites, as well as,
a pair of fresh latex or nitrile gloves over the leather gloves. Latex gloves were changed
after the handling of each individual bat in order to prevent the spread of WNS and other
potentially communicable diseases. Once in hand, each bat was sexed. aged. banded, and
photographed using a Canon Rebel XS camera with a Canon EFS 18-55mm lens. Out of

reach bats were also photographed with a Canon Rebel XS camera and a Canon EFS 75-

300mm zoom lens.

Temperature was recorded at several sites within the cave. Originally.
temperature was monitored with maximum-minimum mercury thermometers. and was
recorded during each cave survey within the Twilight Zone of the Entrance chamber of
Dunbar Cave, the stairway leading to the Counterfeiter’s chamber. and the midway point
of the Lots of Bats chambers. In October 2011 HOBO® data-loggers (Onset Computer

Corporation, Bourne. MA., USA) became available. and were placed in various locations

throughout the cave for continuous collection of cave chamber temperature data. A data-



logger was Kept in the Twilight Zone of the Entrance chamber. in the River Styx, and at
the midway point of the Lots of Bats chamber from October 2011 until October 2012.
Two additional data-loggers became available in February of 2012. From February of
2012 until May of 2012 one of these units was placed in the Hallway chamber and the
other was placed in the back of the Spray Hall chamber. In June of 2012 these units were
brought back into Dunbar Cave and placed in the Counterfeiter's chamber and in the
Junction Room chamber. These areas were chosen because either existing data implied
that the bat population frequented the specific chamber, or because the area was
suspected to have a higher rate of temperature fluctuation based on proximity to the

above ground environment or inflow of water.

For example, the Entrance chamber was chosen because it was suspected to have
the greatest influx of ambient air and therefore the greatest influx in temperature. The
River Styx was chosen, because it flows throughout many areas of Dunbar Cave and may
influence overall cave temperature. The area between the two Lots of Bats chambers was
chosen, because the highest number of individuals were consistently seen using this area
of the cave, both historically and during this study (Appendix G). These three units
remained in the same locations for one year, and were only removed for retrieval of data,
and battery replacement. Two additional units became available in March of 2011, and
were moved among four cave chambers between cave surveys. These chambers were

chosen because bats were observed using these areas. and temperature data did not exist

for these chambers.



Harp trapping and Mist-netting

From May through August of 2011 and 2012 an eight foot Cave-catcher 36”x44”
(35 bat harp trap (Bat Conservation and Management, Inc. Carlisle, PA, USA) was placed
in front of the cave entrance a total of twelve times in order to capture bats entering and
emerging from Dunbar Cave. This particular harp trap was composed of a rectangular,
double-frame of aluminum tubing approximately 2.4m high by 1.8m wide, supported by
tripods on both sides. Low visibility Stren® fishing line (3.6kg test) was strung vertically
from the frame, and approximately 2.5cm apart from each other. The harp trap was set
up in front of the cave gate approximately thirty to forty-five minutes prior to sunset, and
was normally taken down between midnight and two a.m. A 12°x20’ utility tarp was cut
into two sections and secured with duct tape to the cave walls in order to block off the
areas of the cave entrance that were not covered by the harp trap. As bats emerged or
entered the cave they were unlikely to detect the lines of the harp trap. As a result, bats
would fly into these wires and then fall into a polyethylene bag suspended at the bottom
of the trap where they were promptly removed and banded.

During 2011, mist-nets were also deployed in an attempt to survey additionally
areas of Dunbar Cave State Natural Area. Due to the concern for the spread of White
Nose Syndrome, state and federal agencies did not allow the use of mist-nets at the cave
entrance or within the amphitheater area surrounding the cave entrance. Therefore, two
mist-nets were set up over corridors and flyways. These sites consisted mostly of trails
surrounding Swan Lake or within forested areas of the park. Throughout the duration of

the study there were a total of ten mist-netting events.

Both double high and single high mist-nets were used during each mist-netting

attempt. The double high system consisted of five interlocking aluminum poles, (36"



long X 0.75" diameter, heavy duty 0.125 wall thickness) (Bat Conservation and
Management, Inc. Carlisle, PA, USA), supporting a double panel Hot Foot Mist-net 40
(25°x10" cach) (Hot Foot America, Hayward, CA, USA) on both sides. Holes were
drilled into the top and bottom of six of these poles in order to attach a pulley system to
both sides of the net. This allowed easy retrieval of captured individuals. The single
high system was also controlled by a pulley system, however, a single 10°x40° Hot Foot
Mist-net 40 (Hot Foot America, Hayward, CA, USA) was used. This net was erected
using two; 1.5” wide, PVC pipes that were stabilized by iron umbrella stands. Mist-nets
were not used in 2012, due to the lack of success with this method during the previous
year.

Acoustic Monitoring

Acoustic monitoring was also conducted during harp trapping and mist-netting
events. This was done in order to determine whether additional bat species were present,
but may not have been represented in the captured sample. This data was also used to
further build Austin Peay State University and the Center for Excellence in Field
Biology’s acoustic library. Two Anabat® bat detectors (unit numbers 80665 and 80685)
(Titley Electronics, Perth, Australia) were used during each netting and trapping survey.
Both acoustic devices were equipped with an Anabat® High Mount microphone (Titley
Electronica, Perth, Australia). During harp trappings, both Anabat® units were placed
50 that the microphone was positioned at a 45° angle. One unit was placed on top of the
old concession stand adjacent to the cave entrance, pointing out into the amphitheater
arca of the cave. The other unit was placed on the railing of the amphitheater facing Swan
Lake. Both Anabat® units were also used during each mist-netting survey. Generally,

both units were set at equal distances between the two nets. All acoustic data was



analvzed with cither Echo Class software version 1.0 (ERDC, Army Corps of Engineers
USA) or Bat Call Identification 2010 (Bat Call Identification, Inc. Springfield, MO

USA).

Animal Handling Procedures

Prior to the capture and handling of bats an Animal Use Protocol Permit
(#11.007R) was obtained from Austin Peay State University and the Institutional Animal
Care and Use Committee. Researchers designated to handle bats were all previously
vaccinated against the rabies virus. The standardized procedures of Lamb & Wyckoff
(2010) were followed, which meant that, at a minimum, species, sex, reproductive
condition, age, and Wing Damage Index (WDI) were recorded for each individual

captured.

Male reproductive condition was determined by presence of enlarged testicles,
which signified that a male bat was reproductively active (Hester & Grenier 2005). From
July through August female bats were examined for the presence of visible nipples. If
nipples were not easily located the bat was deemed as non-reproductive (Hester &
Grenier 2005, Lamb & Wyckoff 2010). If nipples were visually obvious on the female
bat, they were then palpated to determine lactation status. If milk was expressed from the
nipple upon palpation the bat was considered lactating, if not she was considered to be in

a post-lactation state or a non-reproductive state (Hester & Grenier 2005).

Both age and Wing Damage Index were determined by stretching the wing over

a white light. To determine age (adult vs. juvenile) the phalanges were examined.

Phalanges of a juvenile bat possess an obvious growth plate between the first and second



phalange. which will appear as a clear bulbous section when illuminated by the white
light (Hester & Grenier 2005). Because White Nose Syndrome often establishes itself
on the flight-membranes of bats, all captured bats were assessed and a Wing Damage
Index value was assigned for each individual. This index ranges from a scale of zero to
three with zero being minimal to no damage, and three signifying severe damage such as

loss of flight membrane (Reichard & Kunz 2009).

To assess wing damage, all bats were simply held above a light while the wings
were examined. The wing membranes of bats consist of two layers of epithelial tissue
separated by a thin layer of underlying connective, muscular, and nervous tissues, as well
as, blood and lymphatic vessels (Cryan et al. 2010). The wing membrane of a healthy bat
appears supple and flexible. In many WNS affected individuals, however, the wing
membranes have lost these characteristics (Reichard & Kunz 2009; Cryan et al. 2010).
As aresult of fungal invasion, the wing membranes of WNS affected bats may lose tone,
strength, and elasticity, causing them to tear easily (Cryan et al. 2010). In addition, these
weakened membranes often adhere to each other and may resemble crumpled tissue
paper (Cryan, et al. 2010). As G. destructans invades the epidermis it may digest the
underlying tissues and leave behind large areas of pallor, or irregular pigmentation
(Cryan et al. 2010). During capture events, it was attempted to photograph wing
membranes of all captured individuals. This was especially important for investigation of

changes in WCI of recaptured individuals over time.

A split-metal aluminum alloy bat ring, 2.9mm narrow, (Porzana Ltd., East

Sussex, UK) was placed on the forearm of each captured bat with the opening facing



posteriorly, or overlying the patagia (wing membrane). Male bats were banded on the
right forearm while females were banded on the left. This aided in identification of
individuals during cave (hibernation) surveys. If a banded bat was seen roosting in the
cave, but was still in torpor, or inaccessible, researchers were still able to sex the bat
based on band location. Each band had an Austin Peay State University and the Center
of Excellence for Field Biology initials imprint, as well as an F or an M to designate sex
followed by a four digit number. Generally, bats were handled for less than ten minutes,
and were not kept more than 30 minutes for processing in compliance with standard
protocols (Lamb & Wyckoff 2010).
Data Analysis

Descriptive statistics were used to obtain overall population numbers and for
preliminary data exploration for cave surveys, as well as, spring and summer capture
events. Cave survey data was then grouped for both years into spring, summer, fall, and
winter categories.

Spring surveys were designated as those taking place within the months of March,
April, and May, summer included those surveys within June, July, and August, fall
surveys fell within September, October, and November, and winter surveys were
considered to be those that took place within the months of December, January, and
February. Bar graphs of abundance per season, cave chamber usage, and sex ratios of

banded bats per chamber were created using Microsoft Excel 2010. These figures were

used to detect any major seasonal cave usage shifts within the bat population by season,

between the two years of this study. Descriptive statistics were used to summarize

temperature data collected from within cave chambers. All analyses of this type were

undertaken through the use of Microsoft Excel 2010.



Species diversity for spring and summer capture events was determined by
investigating population heterogeneity of the Dunbar bat community. Species diversity
during swarming was of particular interest, because, during this time, a variety of species
may congregate at the entrances of hibernacula at the same time (Glover & Altringham
2008). Because population heterogeneity involves two types of information ---species
richness and evenness--- these two components were measured separately (Krebs 1999).
For purposes of this study, species richness was defined simply as the number of species
in the community (Krebs 1999). Species evenness was considered to be the relative
contribution of each species to the total number of individuals (Mulder et al. 2004).

The reciprocal of Simpson’s diversity index was used to investigate species
diversity, which is recommended as the appropriate estimator for a finite population

when field data include counts of individuals (Krebs 1999). The reciprocal of Simpson’s
diversity index was defined as:

1/D=1/T pi*
Where 1/D = Simpson’s reciprocal index, and pi = the proportion of species i in the

community.

Simpson’s Measure of Evenness was used to calculate species evenness, and this

was defined as:
E 1p=(1/D)/s

Where E, p = Simpson’s measure of evenness, D= Simpson’s diversity index, and s =

number of species in the sample. Both indices were calculated using Ecological

Methodology statistical software, version 7.2 (Exeter Software, Setauket, New York,

USA).



I'he sex-ratio of bats captured during harp trapping events were also evaluated
using the Chi-square Goodness of Fit Test. Although all statistics for these analyses were
performed using IMP 9 statistical software (SAS Institute, Inc. Cary, North Carolina

USA), the general Chi-square statistic was assumed as:

X’=% (observed-expected)2/expected
The results of this test were then evaluated to determine seasonal difference in cave use
between sexes. In addition, these results were compared to historical data to determine
whether the overall sex-ratio has fluctuated over time.

Banding of bats at Dunbar Cave began in 2009 (Kurz 201 1). This data was useful
for investigation of site-fidelity. In addition, by compiling banding data from 2009 —
2012 a mark-recapture study was incorporated into this project. All banding surveys,
beginning in May of 2009 until August of 2012, were compiled and analyzed using
Ecological Methodology statistical software, version 7.2 (Exeter Software, Setauket, New
York, USA).

The Jolly-Seber Method was used to evaluate bat population abundance at Dunbar
Cave (Krebs 1999). This particular model is designed for open populations. Open
populations are those that are constantly changing in size, due to a variety of factors,
including; birth, death, immigration, and emigration (Krebs 1999) The Jolly-Seber
model is also designed for studies composed of more than three mark-recapture events
(Krebs 1999). Furthermore, the Jolly-Seber Method is designed for samples of short
duration separated by long durations of time (Krebs 1999). The time interval between

samples need not be constant, and any number of samples can be accommodated (Krebs

1999).



The Cormack—Jolly-Seber (CJS) maximum likelihood model has been suggested to
be the most applicable mark-recapture estimator for population parameters of bat
populations (Kunz 2003: McCracken 2003).Because the Jolly-Seber method is designed
for open populations; there is no assumption of absence of recruitment or mortality, as in

many earlier methods. This model, however does assume the following (Krebs 1999):

At

Every individual has the same probability of being captured

2. Every marked individual has the same probability of surviving

(OS]

Individuals do not lose their marks, and marks are not overlooked
4. Sampling time is negligible in relation to intervals between samples
The data obtained for this method were:
m, — number of marked individuals in sample «
w,~ number of unmarked individuals in sample 1
n, — Total number of animals caught in sample s, Total number of ammals relcased after
sample 7 (- n,  number of accidental deaths or removals
m,, ~ Number of marked animals caughtn sample 7 last caught in sample 7
R, ~ Number of the s, individuals released at sample 7 and caught again in some later

sample

7. Number of individuals marked before sample 7. not caught in sample 7. but caught in

some sample after sample 7

From these variables. an estimate of \ (size of population at time of marking) is obtained.

In addition. proportion of the population marked. probability of surviy al. and number of

individuals joining were estimated by this model.



During cave surveys, when an individual bat was encountered, roost-site details
were recorded, including; specific cave chamber, height from chamber floor, and
direction and distance from the center of the cave chamber. The individual roost site for
cach bat encountered on each cave survey was entered into ArcGIS 10.0 (ESRI,
Redlands, California, USA). A map was created for each survey using a general base
map of the Dunbar Cave chambers surveyed (Appendix D). In order to determine
whether specific cave chambers were being utilized more frequently by the residing bat
populations a comparison of means was performed using JMP 9 statistical software (SAS
Institute, Inc. Cary, North Carolina, USA). A pair-wise comparison was used to further
determine differences between cave chamber usages.

Three chambers (The Spray Hall chamber, the dry Lots of Bats chamber, and the
79-10 chamber) were chosen, because prior research of this nature had been conducted at
this site, and measurements for these chambers already existed. X, Y, and Z coordinates
were recorded for each individual observed during each cave survey within these three
chambers. X coordinates measured the length of the chamber, Y coordinates measured

the width of the chamber, and Z coordinates measured the depth of the chamber. These

measurements then created a three dimensional cell in which statistical habitat analysis

could be applied (Buckland 1993).

The standardized Morisita Index of Dispersion was used to determine whether

individuals were clustering within Dunbar Cave. Two cave surveys were chosen from

both 2011 and 2012, and were used to calculate separate indices for each of the three

chambers. All analysis was completed using Ecological Methodology, statistical

software, version 7.2 (Exeter Software, Setauket, New York, USA).



This index was based on the standardized formula:
I,=nlZ X -L x/ (T x)°L x|
Where I, = Morisita’s index of dispersion, n = sample size, & x = sum of the quadrat
L x= adra

"
counts, and L x” = sum of quadrat counts squared.



CHAPTER 111
RESULTS
Twelve complete harp trapping events (and one incomplete) were conducted
throughout the study. A total of 443 bats were captured. One hundred and thirteen bats
were captured during the four harp trapping events of 201 1, and 330 bats were captured
during the eight harp trapping events of 2012. Thirty four of the 443 total captures were
recaptured individuals. Therefore a total of 409 individuals were banded during harp
trappings (Table 1). Individuals M0074, M0069, M0247, and M0370 were recaptured on
more than one occasion (Table 2). Individuals M0148, F0099, M0143, and M0011 were
originally banded in 2009 (Table 2). All other recaptured bats were originally banded at

some point within the two years (2011-2012) of this study.

Banding of bats at Dunbar Cave State Natural Area was initiated in 2009, and
there were few recaptures during the initial surveys (Kurz 2011). Therefore, abundance
could not be estimated by entering each individual capture event into the Jolly-Seber
population model (Krebs 1999; Kurz 2011). As a result, data from 2009 and 2010 were
pooled, and this time period was considered to be the “initial capture event”. The capture
events that took place during this study (2011-2012) were pooled by season to avoid gaps
in recapture data (Hargrove &Borland 1994; Krebs 1999). Total abundance (N) was
estimated as 398.7+/-199.0 bats (Table 3). Probability of survival was estimated as

0.605+/- 0.500 and the estimate of recruitment or number of individuals joining was

273.6+/-222.2 (Table 4).



Table 1. Total number of bats captured, banded, and recaptured during harp trapping at

DCSNA
Number of Number of
Date Individuals Recaptured Total
Banded Individuals
May 31, 2011 6 0 6
June 28, 2011 19 0 19
July 27,2011 57 4 61
August 11,2011 26 1 27
May 18, 2012 14 2 16
May 30, 2012 4 2 6
June 14, 2012 3 0 3
June 29, 2012 12 3 15
July 11, 2012 34 3 37
July 26, 2012* 4 2 6
July 30, 2012 28 3 31
August 8, 2012 61 10 71
August 23, 2012 141 4 145
Total 409 34 443

*Indicates an incomplete survey



[ apnIe £, Recapaied vats rom harp trapping at DCSNA

Date Banded - Date Initial Band Initial  Recapture
ccaptured  Age Identification  WCI WCI
A )
June 28. 2011 July 27,2011 ] M MO074%* 0 0
February 21,
2011 July 27, 2011 A M MO0202 0 0
May 31, 2011 July 27,2011 J M MO0069* 0 0
August 12,
205‘9 July 27,2011 J M M0148 0 0
August 11,
July 27,2011 541 J M M0247* 0 0
June 2, 2009 May 18, 2012 ] ¥ F0099 0 0
July 27,2011 May I8, 2012 J M M0247* 0 0
July 27,2011 May 30, 2012 J M M0247* 0 0
May 31,2011 May 30, 2012 A M MO0080 0 1
July 27, 2011 June 29, 2012 J M M0232 0 0
July 27, 2011 June 29, 2012 | M M0247* 0 0
June 28,2011  June 29, 2012 A M MO0061 0 0
July 27,2011 July 11,2012 J M MO0059 0 1
June 28,2011 July 11,2012 A M M0074* 0 1
March 30,
2012 July 11,2012 A M M0394 0 1
June 29,2012 July 26, 2012 A M M0322 0 0
Augustll,  jv06 2012 ) M 10037 0 0
2011
July 11,2012 July 30, 2012 A M MO0336 0 0
May 30,2012 July 30, 2012 A M M0314 0 0
May 31,2011 July 30, 2012 J M M0069* 0 1
February 21, August 8, A M 000790(TWRA) 0 0
2011 2012
August 8, 0 0
] A M M0401
uly 11,2012 2012
August 8, 5 0 0
] A M MO0345
uly 11,2012 2012
August 8, MO0385 0 0
J A M )
uly 11, 2012 2012
April 27,2012 AUEUSt 8, A F FO158 0 0

2012



August 12, August 8,

2009 2012 J M M0143 0 0
april 27,2012 AUBSIE 0y s 0 0
june 28,2011 AUBISS M Moo70 0 0

iyi,2012 AU A M M0348 0 0
april27.2011 AU 8, A M Mo370* 0 0
april27.2011  AUEUER Ay g 0 0

ny30,202 AU A M Moo 0

?61859““ 12 AU%%B : A M MO011 0 0

August 8, 2012 A“ggftzm ’ A F FO173 0 0

N=34

* indicates multiple recaptures of individuals  indicates a dremeled band identification
number (All male bands were used upon completion of the 2011 capture events. Sex
identifiers were dremeled from remaining female bands and used as “unisex™ bands until
new bands were received.

WCI = Wing Condition Index

Individual MO0069 = Eptesicus fuscus

Individual 000790 = Myotis septentrionalis

All other individuals = Perimyotis subflavus

Wildlife biologist from Tennessee Wildlife Resources Agency accompanied APSU/CEFB
researchers during the February 21, 2011 cave survey. Six bats were banded with TWRA
identification bands, at this time.




Table 3. Total number of bats captured per pooled time period (n),
proportion of population marked per capture event (o), and estimated total
abundance (N) by Jolly-Seber stochastic population model.

Period of Capture n a N Std. Error of N
1 (2009-2010) 121
2 (May/June 2011) 25 0.038  193.1 574.7
3 (July/August
2011) 88 0.045  1304.4 1008
4 (May 2012) 22 0.217 3005 255.3
5 (June 2012) 18 0.211 22438 149.2
6 (July 2012) 73 0.095  398.7 199

7 (August 2012) 216 0.046



Table 4. Rate of survival (¢) and number of individuals joining population
(B) estimated by Jolly-Seber stochastic population model

Std.

Period of Capture @ Error B Std.Error of B
of ¢

1 (2009-2010)
2 (May/June 2011)  0.061  0.051  955.2  1356.5
3 (July/August
2511)y g 1808 0 2928 455
4 (May 2012) 0.455 0353 54.1 141.4
5 (June 2012) 0.568 0.536  262.7  205.1
6 (July 2012) 0.605 0.500 273.6 2222
7 (August 2012) --- --- --



Based on total number of individuals captured per harp trapping event, dat
ent, data

indicated. that more bats were captured during 2012 than 2011 (113 vs. 330:; Figure 3).
The data could not be assessed in this manner, however, because sampling periods were
uneven. Therefore, mean number of bats were compared between years in order to
determine if there was in fact a difference in abundance. The residual data from harp
trapping events conducted during this study were normally distributed (Shapiro-Wilk
Goodness of Fit, p=0.6795, a = 0.05), but due to small sample sizes, variance was
unequal between years (Levene’s test of equal variance, p = <0.001*, a = 0.05).
Therefore, the nonparametric Kruskal-Wallis rank sum analysis was used to determine
that there was no statistically significant difference between mean number of bats

captured (p = 0.8852, a = 0.05, df = 1) for both years of this study (2011-2012).

Data collected during 2009-2010 (Kurz 2011) consisted of a total of 121 bats that
were captured as a result of seven harp trapping events. Again, due to an uneven number
of capture events between previous studies and this study, it was difficult to determine
whether or not there was a true difference between sampling events and numbers of bats
captured. An analysis of means was used to determine if there had been an overall
increase in abundance from 2009 to the present. Data, again, were not normally
distributed (Shapiro-Wilk Goodness of Fit, p = 0.0011*, a=0.05). The Kruskal-Wallis
rank sum analysis (p = 0.4532, = 0.05, df =3) determined that there was not a
statistically significant difference between the number of bats captured from 2009 to

2012.
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Figure 3. Total number of bats captured (N=443) during harp trapping events 2011-2012
(n=13, including incomplete survey*).



A total of four bat species were captured during harp trapping events at Dunbar

Cave. The majority (N=425; 95.94%) were Perimyotis subflavus (Table 5). The other
three species captured (E. fuscus (2.93%), M. septentrionalis (0.90%) and M. lucifugus
(0.23%)) were observed in low numbers (Table 5). Simpson’s index of diversity was
calculated as 0.079. This index ranges from 0 (low diversity) to almost 1 (Krebs 1999).
The reciprocal of Simpson’s diversity was determined as, 1/D = 1.085. The reciprocal of
Simpson’s diversity ranges from I to s, s= the number of species in the sample (Krebs
1999). In this form Simpson’s index of diversity can be interpreted as the number of
equally common species required to generate the observed heterogeneity of the sample
(Krebs 1999). Simpson’s measure of species evenness, which ranges from 0 (low value)

to 1, was calculated as 0.271. Both indices were relatively low due to the predominance

of one species of bat.



Table 5. Number of bats by species captured at DCSNA during harp trapping events

L

Species Year Total
2011 2012
Perimyotis subflavus 102 323 425
Eptesicus fuscus 9 4 13
Myotis septentrionalis 2 2 -
Mpyotis lucifugus 0 | 1
Total 113 | 330 443

Harp trapping events, n=13
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this study (Table 6). Ninety four male bats ang 17 female bats were captured 1
: ured as a result

of the four harp trapping events of 201 1. During 2012, 261 male bats and 69 female bats
were captured. Few to no females were captured during May and June of both years
(Table 6). Because of this, the Chi-Square Goodness of Fit test was not appropriate for
analysis of these data. Instead Fisher’s Exact Test was used, and the observed male to
female ratio (355:86) did not fit the expected 1:1 ratio (p=0.001, 0= 0.05, df = 7).
When considering only those harp trapping events in which bats of both sexes were
captured, sample size assumptions were met. Still, Chi-square Goodness of Fit analysis

concluded that there was a lack of fit between the observed (1 56:43) and expected (1:1)

male to female ratio (p = <0.001, a = 0.05, df = 4).

Overall, the male to female ratio was approximately four male bats to every one
female bat. No female bats were captured in May and June of 2011 (Figure 4). In 2012
only three females were captured during the four harp trapping events that took place in
May and June (Figure 4). During July and August of both years, female bats begin to
appear in the population (Figure 4). During August of both years the male to female sex

ratios were the closest to fitting the 1:1 ratio (Figure 4).

The mean number of female bats captured during harp trapping from 2009-2010

(Kurz 2011) were compared to the mean number of female bats captured during harp

trapping events from this study. Because there was a low number of females captured

re
over the past four years (N=118), and because these data were counts, all data we

: . i were normall
transformed using the square root transformation. The residual data y



distributed (Shapiro-Wilk Goodness of Fit, p=0.2965, 4=0.05), and variances between the

camples were cqual (Levene’s test of equal variance, p=0.0730, a=0.05).

To determine whether there had been a change in abundance of female bats
among the sample population a one-way Analysis of Variance (ANOVA) was used.
There was no significant difference found between the mean number of female bats
captured between years (F=1.3403, df = 3, p=0.3280, a=0.05, R* Adj.=0.0849) (Table 7).
A one-way ANOVA was also used to compare mean number of female bats captured
during harp trapping between the years of this study (2011vs. 2012). No statistical

significance was found (F=2.6918, df=1, p=0.1618, ¢=0.05, R” Adj.=0.2199).



Table 6. Sex ratios of bats captured during harp trapping at DCSNA

Date Males Females M:F ratio
(relative to 1)
May 31, 2011 6 0 6:0
June 28, 2011 19 0 19:0
July 27, 2011 54 5 10.8:1
August 11, 2011 15 12 1.25:1
May 18, 2012 13 3 4.3:1
May 30, 2012 6 0 6:0
June 14, 2012 3 0 3:0
June 29, 2012 15 0 15:0
July 11, 2012 36 1 36:1
July 26, 2012* 6 0 6:0
July 30, 2012 26 5 52:1
August 8, 2012 59 12 4.9:1
August 23,2012 97 48 2.0:1

Total 355

o
(=

~4.1:1




Table 7. Mean female bats captured during all harp trapping at DCSNA

Lower Upper

Level n Mean Std Error 959 950,

2009 3 5.23448641 0.7169009 0.1124932 17.9809922
2010 ) 7.06661206 1.075369  0.071289  25.4984602
2011 4 3.48953608 0.5377289 0.0313998 12.6657692
2012 3 16.3333181 0.7169009 4.363921 35.9268372

Data used for one-way ANOVA between years 2009 through 2012.
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Three hundred and forty two adults and 100 juveniles were captured as a result of
the 12 harp trapping events at Dunbar Cave throughout the course of this study (Table 8).
n 2011 the adult to juvenile ratio was 1:7 with a total of fourteen adult bats and 98
juvenile bats captured during the four harp trapping events (Table 8). In 2012, however,
4 total of 3728 adult bats and only two juvenile bats were captured as a result of 12 harp
trapping events (Table 8). The overall ratio of adults to juveniles for 2012 harp trapping
events was 164:1 (Figure 5). The average adult to juvenile ratio for both years of bats

captured over the course of this study was 3:1 (Table 8).



Table 8. Adult to juvenile ratios of bats captured during

harp trapping at DCSNA
Al
(relative

Date Adult Juvenile to 1)

May 31, 2011 4 5 9+
June 28, 2011 0 19 19:0
July 27,2011 3 58 0.05:1
August 11, 2011 7 19 0.37:1
May 18, 2012 16 0 16:0
May 30, 2012 6 0 6:0
June 14, 2012 3 0 3:0
June 29, 2012 15 0 15:0
July 11, 2012 37 0 37:0
July 26, 2012* 6 0 6:0
July 30, 2012 31 0 31:0
August 8, 2012 70 I 70:1
August 23,2012 144 | 144:1
Total 342 100 ~3:1

1 1 | ~ > ovente*
Capture events = n=13, including incomplete capture events
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Figure 5. Average adult to juvenile age class ratios of all bats captured during harp
trapping events (n=4, 2011, n=8, 2012).



Rate of recapture for each harp trapping event varied between months (Figure 8)

overall, approximately 8.3% of all individuals within the sample population were
recaptures (34 recaptured individuals to 409 non-banded individuals). Thirty one of the

recaptured individuals were Perimyotis subflavus (Table 2). Individual TWRA 00079

was an adult male Myotis septentrionalis that had been originally banded during the
February 21, 2011 cave survey, and was recaptured in August of 2012 (Table 2).
[ndividual M0069 was an adult male Eptesicus fuscus, originally banded in May of 2011
as a juvenile (Table 2). This individual was recaptured during July of both 2011 and 2012
(Table 2). Only three recaptured individuals were female, and none of these bats were
recaptured multiple times during harp trappings (Table 2). Approximately 41.2% (14 of

34) of all recaptured individuals were originally banded as juveniles (Table 2).
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Cave Surveys

/ )

throughout the duration of this study (Table 9). Originally, seasons were defined as
winter (December, January and February), spring (March, April and May), summer
(June, July and August), and autumn (September, October and November). This was
adjusted, however, because three surveys occurred late within the original seasonal
category, and, therefore, were grouped into the following season. Specifically, the
August cave surveys for both years occurred toward the end of the month, and therefore
were grouped into the mean number of bats observed during autumn. This was also the
case for the May cave survey of 2012, which was grouped into the mean number of bats

observed during summer.

Bats were observed within the cave throughout the year; however, cave use
appeared highest during winter and spring (Figure 7). Data were normally distributed
(Shapiro-Wilk Goodness of Fit, p=0.1076, «=0.05), and there was no difference in
variance between the samples (Levene’s test of equal variance, p=0.3022, ¢=0.05). A one
way ANOVA was used to find that there was a difference among mean number of bats
observed within the cave per season (F=19.3509, df =3, p=0.0001 * 0=0.05, R’

Adj.=0.7973).

The highest in-cave occupancy was observed during early April of both years

(Table 9). Tukey-Kramer HSD was used for pair-wise comparisons between seasons.

i in wi i r and
Cave occupation was significantly higher in winter and spring compared to summe

i number
autumn (Table 10). There was no significant difference, however, between mean

=0.2862,
of bats observed among winter and spring seasons (Tukey-Kramer HSD. p



D
.p 0.8 3
. 0.0-

(Tab\e 10).



Table 9. Number of bats observed, number of },

oats per cave survey at DCSNA. anded bats, and number of un-banded
Date Previously
banded Un-banded Total
February 21, 2011 8
April 1, 2011 ; gi -
May 12, 2011 5 e Zg
June &, 2011 0 ) 5
August 23, 2011 1 9 0
October 18, 2011 3 13 16
December 8, 2011 3 27 30
January 10, 2012* 2 14 16
January 27, 2012 5 46 51
March 30, 2012 8 45 53
April 12,2012 4 74 78
April 27,2012 6 46 52
May 23, 2012 2 20 22
June 21, 2012 0 I 1
August 28, 2012 | 8 9
October 23, 2012 2 24 26

n=16

* indicates an incomplete survey
Mean # total individuals observed = 33.9

Mean # previously banded observed = 3.4

Mean # un-banded observed = 30.5
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Table 10. Pair-wise comparisons between seasonal mean numbers of bats
pserved within Dunbar Cave chambers
0

Std. Err 0 _

Level - Level Difference Difference LC"{J" ngLer \'::Iue

ing Summer 55.4 8.67445  29.2942 81.5058 0.0003*
Spr?n% Autumn  48.15 796799 24.1703 72.1297 0.0004*
\S’\I’)i::?; Summer 39 9.69833  9.8128 68.1872 0.0093*
Winter Autumn 31.75 9.07196 4.4479  59.0521 0.0220*
Spring  Winter 16.4 8.67445  -9.7058 42.5058 ().2&?62
AL}I)tumn Summer 7.25 9.07196  -20.052 34.5521 0.8534

*Indicates significant results (95% confidence intervals) for Tukey-Kramer HSD



OvU
To determine whether there was 4 preferred caye chamber among the bat
popllh""““' the mean number of bats obseryed within each chamber was compared
Overall, the data were not normally distributeq (Shapiro-Wilk Goodness of Fit p=0.0498
«=0.03), and variance was not equal between groups (Levene’s test of equal variance |
p=<0.001, 0=0.05). A Kruskal-Wallis rank sum analysis was used to determine that there
was no statistically significant difference between mean number of bats observed among
various cave chambers (p=0.1467, a=0.05, df=14). Three chambers (The Entrance, and
both wet and dry Lot of Bats (LOB) chambers) did stand out, however, upon visual

investigation, as consistently housing the highest number of individuals, throughout the

duration of this study (Figure 8).

Data on seasonal cave chamber usage was not appropriate for statistical analysis.
This was mainly because data consisted of counts of individuals per chamber, and many
of these chambers were unoccupied throughout all or most of the year. Therefore, these
data were assessed visually. The Entrance chamber, as well as, both wet and dry Lots of

Bats chambers appeared to consistently house the highest mean number of individuals

throughout all seasons (Figure 9).
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Monthly mean temperature wag recorded for seyen h
$ €ave chambers. Th
- Three of

(hese chambers were monitored consistently over th
€ course of one complete year. The
Entrance chamber experienced the largest fluctuations i
n temperature (Figure 10). Th
. The
average temperature range for the Entrance chamber w
— as recorded as 8.9-13.4°C. The
River Styx displayed little fluctuation in temperature (<1°C), ranging between 14.5 d
Y .5 an
15.2°C. The area monitored between the two Lots of Bats chambers remained within

0.4°C (13.3°-13.7°C) throughout the year (Figure 10).

Four additional cave chambers were also monitored. Due to the lack in
availability of data logger access, temperatures were recorded for shorter periods of time.
The Hallway and Spray Hall chambers were monitored from March 30, 2012 until May
23,2012 (Figure 11). During this time, the Hallway chamber displayed a < 1°C
fluctuation (12.4-13.3°C). The Spray Hall chamber ranged from 13.6-13.7°C. The
Junction chamber and the Counterfeiter’s chamber were monitored from June 29, 2012
until October 23, 2012 (Figure 12). Unfortunately, the battery in the data logger placed
in the Junction chamber lost charge after approximately two months of monitoring. Both

of these cave chambers showed a very small variation in temperature (Figure 12).

The Entrance chamber displayed the highest fluctuation in temperature,

comparatively (Figure 10). These fluctuations were consistent with external, seasonal

ber
temperature fluctuations. The lowest temperatures Were recorded between Decem

2011 and January 2012 (Figure 10). Still, the temperature within this chamber did not

°C (National
drop below 8.9°C, while outside mean temperature was reported around 5.5°C (Natio

i s in this
Oceanic and Atmospheric Administration 2012). The highest temperature
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.+ were recorded during Jul d
chamber Were recorc & July and August of 2012 but
3 never exceeded 13.5°C

(Figure 10).

Temperature was also recorded for the Hallway Chamber from M h
m March 2012

through May 2012 (Figure 11). This chamber is adjacent to the Entrance chamber and
therefore, most likely, experiences a certain amount of g flow from the above ground
environment. The temperature in this chamber stayed around 13.0°C for the majority of
the time that temperature was monitored here (Figure 11). Temperature did drop less

than one degree in March of 2012, and was recorded at 12.4°C (Figure 11).

The wet and dry Lots of Bats chambers, the Spray Hall chamber, the Junction
chamber, and the Counterfeiter’s chamber all displayed steady ranges in temperature that
did not fluctuate more than 0.5°C (Figures 10, 11, 12). Furthermore, the temperature in
all of these chambers remained at 13.0+/-0.7°C. This is the usual temperature for most
caves of this region (Matthews 2011). The temperature of the River Styx did not
fluctuate as much as expected, but instead, remained constant within one degree Celsius
(Figure 10). The recorded temperature was, however, consistently around two degrees

higher (14.5°C-15.2°C) than any of the monitored cave chambers.
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[t was often unknown if indivi
ndividual bats observed during
g cave surveys w
were the

. 1ividuals usin :
same individua g the cave or specific chambers over t;
‘er time. For thi
. For this reaso
n, the

. mean pumber of indivi g
0‘“3“ iduals per species was used to calcul
culate species diversi
versity.

perimyotis subflavus was the most prevalent species
documented usin
sing Dunbar Cave
o <

hroughout the duration of this study (Table 11). Mvotis lucif
votis lucifugus and Mvotis

S . o A lndk\ .\

tC - CIlc ne . ‘ [)

16, Simpson’s measu species eve ,
I P re of species evenness, which ranges from 0 (low value) t 1
= alue)to 1.

alculated as 0.479.

was €



Table 11. Bat species observed during cave surveys

69

Perimyotis subflavus

Survey Date Mpyotis lucifugus  Myotis septentrionalis

February 21,2011 58 0 .
April 1, 2011 66 0 \
May 12- 2011 46 0 0
June 8 2011 2 0 .
August 23,2011 10 0 i
Qctober 18,2011 16 0 5
December g,2011 30 0 "
January 10,2012 13 ) "
January 27,2012 46 5 0
March 30, 2012 53 0 0
April 12,2012 74 0 0
April 27,2012 52 0 0
May 23, 2012 20 0 0
June 21,2012 2 0 0
August 28, 2012 9 0 0

Overall Mean 32.8 0.44 0.38



70

\ total of 69 individuals were banded during the five cave surveys in which

fing Was pcrmillcd (Table 12). Forty fi
panding ¢

ve males and 24 female bats were banded

+thin the cave (Table 12). The male to female ratio did not fit the expected 1:1 ratio
“]'t her's exact test, p=0.6844, 0=0.05, df=4). The majority of bats banded (N=63) were
(FIS.. avotis subflavus (Table 13). Sixteen of the bats captured by hand during banding
’ I; 'vs within the cave were individuals that had originally been banded at an earlier
1:; ()Table 14). Individuals M0127 and M0171 were observed on more than one

indivi ed varied

occasion (Table 14). Percent of banded to total number of individuals observe

! 90 . . y
Ve SUI'V y. O L]

iime were previously banded individuals (Figure 13).
given 11



Individuals Observed

Survey Date
ividuals observed during cave

Fi
S;g“re 13. Percent of banded to total number of ind
rveys at DCSNA (2011-2012).
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Table 12. Total number of bats banded and sex of bandeq bats during cave surveys

at DCSNA
Number of
Date Individuals #Female
Banded Males

February 21, 2011 8 4 3

April 1, 2011 6 5 1

January 10, 2012* 8 5 3

March 30, 2012 17 10 7

April 27,2012 30 21 9

Total 69 45 24

*Indicates an incomplete cave survey



Table 13. Total number of bats per species bandeq d

73

uring cave surveys at

DCSNA .
Species Yiar
2011 2012 Total
Perimyotis subflavus 9 54 63
Myotis lucifugus 0 1 1
Mpyotis septentrionalis 5 0 5
Total 14 55 69

Banding was allowed during 5 cave surveys (4 complete and 1 incomplete)



Table 14. Bats recaptured during caye Surveys at DCsSNA

74

Date :
Banded Nitig]
Date Ban Recaptured Age Sex Bang Initia] Recapt
Februa Ideﬂtiﬁcation WC Pt
i1 29, 2010 L L wa
April 29, A
21,2011 M Mo183 )
0
April 29,2010 Februar "
21,2011 M Mo167 0 0
February
2009
Angust 12, 21,201] J M M0124 0 0
February
9
August 12, 200 21.201] A M M0127+ " b
February
2009
B 21,2011 AM O Mgy 0 0
. April 1,
April 29, 2010 2011 A M MO171* 0 0
. May 12,
April 29, 2010 2011 A M MO171* 0 0
October 18,
February 21, 2011 2011 A F OOO785(TWRA) 0 0
September 28, 2009 Ja“;gg %ox MDEs ] g
August 12,2009~ January 10, J M M0133 0 0
2012
March 30
Jul >
uly 27, 2011 Sl J M M0214 0 0
April 29,2010 March 30, A M M0157 0 0
2012
Apil 29,2010 ~ March30, MO168 0 0
2012
August 12, 2009 Mfggi’;& J M M0120 0 0
August 12,2009 March 30, A M MO127* 0 0
2012
August 12, 2009 April 27, A M M0018 0 0
2012
Ll All other individuals =

ndlcates multiple recaptures of

nd]\ ]dua]

Individual M0099 = Myotis

lucifugus

Perimyotis subflavus
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atia Y i i i i

; titative data of bat populati ithi
provide quan populations within Dunbar Cay i
‘¢, and to determine
whether bats were uniformly or unevenly distributed. Because there were a high
igher

qumber of individuals observed within the cave during spring surveys. spatial anal
g Vs, analyses

focused on this season.

The cave surveys of February 21, 2011, April 1, 2011. March 30. 2012. and April
12, 2012 were chosen, because more individuals were observed during these times (Table
11). The 73-10 and Lots of Bats chambers displayed both heterogeneous and
homogeneous distribution among the bat population (Table 15). The bat population
within the Spray Hall chamber consistently displayed a heterogeneous distribution during
both months of 2011 (Table 15). This chamber was not investigated during 2012 cave

surveys. because only one individual was observed during both the March and April

surveys (Appendix E).



Table 15. Morisita's Standardized Index of Dispersion

Date Chamber I

February 21,2011 73-10 7.89
April 1, 2011 73-10 0.00
March 30, 2012 73-10 0.00
April 12,2012 73-10 1.97
February 21, 2011 Lots of Bats (dry) 9.87
April 1, 2011 Lots of Bats (dry) 13.81
March 30, 2012 Lots of Bats (dry) 1.97
April 12,2012 Lots of Bats (dry) 0.00
February 21,2011 Spray Hall 11.84

[;=0 for random distribution
[;<0 for homogeneous distribution

[5>0 for heterogeneous distribution



Acoustics
Acoustcs

Identification, Inc. Springfield, MO, USA). This program detected the presence of a total

of nine bat species at Dunbar Cave State Natural Area (Appendix F)

Bio-acoustic data collected during the early May and August harp trapping events

of 2012 were analyzed using Echo Class version 1.0 (ERDC, Army Corp of Engineers
USA). These results were compared with the capture data from the same dates
(Appendix F). Echo Class version 1.0 bio-acoustic software detected the presence of 11

species (Appendix F).

Trends in Cave Use (Past and Present)

Mean number of bats observed within Dunbar Cave during cave surveys was not
included in the CJS model. Instead these numbers were assessed seasonally. and
compared to existing data to investigate trends in abundance over time. A consistent
trend of higher population means were observed within the cave during spring and winter
compared to summer and autumn. This was found both statistically (Table 10). as well

as. observationally (Figure 14). There was no statistically significant difference between

mean number of bats observed among spring and winter cave surveys (Table 10)

oy ; ev ing spring of
slightly higher number of bats were recorded within the cave. however. during spring

_ & i talog
both years of this study (Table 10). In fact. this 13 the trend throughout the entire cata

in Fi iology 2005-
of data from cave surveys at Dunbar Cave (Center of Excellence 1n Field Biology

2012; Kurz 201 1) (Figure 14).
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The highest number of bats observeq within Dunbar Caye was 78 individua]
uals on

April 12. 2012 (Table 9). In April of 2009, 8¢ bats were observed iy, Dunbar Cave
fCanter of Fxcellence for Field Biology 2005-2012). An increase in population means in

late March to early May appears to be a consistent trend across the existing data (Center

of Excellence for Field Biology 2005-2012).

Yearly mean number of bats observed during cave surveys has remained
relatively constant from 2006 to 2012 (Figure 15). In 2007 bat populations declined, due
to feral cat predation (Kurz 2011). In 2009 a peak in mean population numbers was
observed (Figure 15). In March of 2010, a White Nose Syndrome positive bat was
discovered within one of the chambers of Dunbar Cave (Kurz 2011 ). At this time. the
cave was closed by supervising agencies, and research assistants were not allowed to
enter until further notice (Kurz 2011). Throughout much of the Eastern United States, it
has been commonly observed that upon initial detection of White Nose Syndrome within
acave system, an associated increase in mortality is also observed among the bat
population (United States Fish and Wildlife Service 2012). The bat populations of

: : i i in mortality (Kurz
Dunbar Cave did not appear to experience this associated increase 1n 1 \

2011).
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CHAPTER v

DISCUSSION

Conclusions and Future Recommendationg

Several conclusions to the original predictions Were made based off of literat i
ature review

and the results of this study.

1. Atthis time, it cannot be definitively concluded that abundance of the cave

dwelling bat population(s) at Dunbar Cave is increasing,

Historically, it has been notoriously difficult to obtain reliab]e estimates of abundance
on bat populations, and several techniques have been applied in an attempt to do so
(McCracken 2003; O"Shea et al. 2004; Thompson 2004). In fact. the general consensus
is that abundance estimates may be somewhat erroneous when applied to bat populations
(Kunz 2003; McCracken 2003). This is mainly because annual cycles among bat
populations can include seasonal long-distance migrations, and different species form
colonies of various size, sex. and age compositions at different times of the year (O"Shea
etal. 2003). Other invaluable information may be obtained. however. such as. relatively
accurate survival estimates (Kunz 2003; McCracken 2003).

; ¥ ce (N) at this
The CJS model was a relatively accurate predictor for total abundance (N)

i inal month of capture
site. In fact, the actual number of individuals captured during the fina

-+ dividuals captured during
for this study (August 2012), as well as. the actual number of individu
s icted range of N (199.7-
the four years of banding at this site, both fell within the predicte

: 4
3). and since 2009, 56
¥17). In August 2012, 216 individuals were captured (Table 3)

“the harp trap.
bats haye been captured at this site through the use of the
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gatistical results did not support he prediction that 4, d
abundance at this <ite
1S Site is

poreasing (Kruskal-Wallis rank sum analysis, p = 455, o 05, df
e P T dE=3). Degpite thg
(he largest number of individuals since bat research initiated gy - ;
SIte was obseryed

) . dy (]45 illdiVidua]S' Au ust 23 20 [
h u ) VA 201 1) Althou ]
gh this

nt alone cannot represent a shi .
gapiire: 81 P g among the entire population, it may be 5 good
> 00

indication that the cave-dwelling bat population of Dunbar Cave is thriy;
Ing.

It is difficult to compare the total abundance estimate from this study to resul
y to results

found in existing literature. This is mainly because there is a general lack in mark-

recapture studies that focused primarily on Perimyoris subflavus. Nonetheless. this

species remains as one of the most common bat species in the Eastern United States. and
itis assumed that overall abundance would reflect this (Tuttle 2006). This being said, it
is generally accepted among bat biologists that, due to the complexity and lack of
understanding of bat movements, most population models will result in an
underestimated value of N (McCracken 2003: Tuttle 2006). More intensive and
instantaneous sampling is needed to more accurately estimate abundance among bat

populations at this site (Krebs 1999; Kunz 2003).

At this time, it cannot be definitively concluded that the bat population at Dunbar

- ' g , ite this. capture events
Cave is increasing, based solely off of statistical analyses. Despite this. cap

) - »f observed
and cave surveys have yielded promising results. The low number of ¢

i i *emigration and
"Captured individuals indicates that complete understanding of emig

o imated by the CJS
"MMigration at this site is lacking. Therefore, total abundance est!

joation 18 needed (Krebs 1999:

3 invest
Model was most likely an underestimate, and further 1Y

] . nd survival
Gasper & Chytil 2002; O’Shea et al. 2004). In the future. abundance a
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vestigations should be separated by age ang S€X 10 better fit assumpti
10ns, and gain more

accurate estimates (Gasper & Chyti] 2002).

2. Species diversity has increased among the Cave-dwelling bat populati
ations at
Dunbar Cave.

Due to the dominating prevalence of one species (P. subflavus), diversity indices

were low. Kurz (2011) previously documented individuals of p subflavus. E. fuscus. and
M lucifugus utilizing Dunbar Cave. Myotis seplentrionalis, however. had not been

observed here prior to this study. This species is currently being considered for listin as

a threatened species (United States Fish and Wildlife Service 2011). The documentation

of M. lucifugus during cave surveys, as well as. capture events is also of biological
significance at this time. Kurz reported observing only two M. lucifugus during the early
part of her study in June 2009. This species was not documented again at this Natural
Area, until January 2012 (Table 11). All together eight M. lucifugus were observed

during this study.

. 7 T . - been considered two of
Perimyotis subflavus and Myotis lucifugus have historically been considered twc

- “the eastern United States (Fenton
the most common and widely distributed bat species of the eastern United States (Fentc

A SO o ‘e als oen
& Barclay 1980; Briggler & Prather 2003). Both these species have also bec

tacted by White Nose Syndrome
documented as species most severely and commonly affected by White Nose 53
-+ acsociated with White Nose
(Blehart et al. 2009; Gargas et al. 2009). Increased mortality associated

/ oIline bat population of Dunbar
Syndrome has not been documented among the cay e-dwelling bat pop

Cave, thus far,
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The few individual M. lucifugus that were foung during thj
1S study however di
) - ’ , did
appear 10 be in the best condition. Op January 27 2012, three - not
’ ’ ttle brown bats were

i ithin the Hallway chamber of D
found within unbar Cave (A i
Ppendix H; Fj gurel6)
. . One
i d to have a white
ndividual appeare Powdery substance remin;
» Téminiscent of Geop
yces
) its right forearm (A di i
destructans on 1ts rig ppendix H, Figure 16). D :
- U€ 1o permit restrictions, th
, the
pats were not removed from the roost site, and therefore the actya] prese fG
nce of G.
destructans wWas not confirmed. In addition, the single M. lucifugus captured at th
Ifugu e cave
entrance scored a WCI of 1, due to extensive wing discoloration (Appendix H. Figure

17).

Although slight, the increase in species diversity among the cave-dwelling bat
populations at Dunbar Cave implies that these populations may have begun to recover
from prolonged human disturbance. Human activity within Dunbar Cave has only
recently been limited. In fact, organized public tours took place for the past three
decades. up until late 2009 (Amy Wallace, Personal Communication, August 12, 2011).
Itis likely that the increase in population numbers and species diversity observed among

the cave-dwelling bat population at Dunbar Cave is just the beginning of recovery.

Studies involving long-term monitoring of bat populations of the eastern United States

are searce (Kunz 2003: McCracken 2003; O"Shea & Bogan 2003). Many bat species

i : i i cases. potential
once considered common face severe population declines. and in some p

i fore. it 1 cial that
eXtinction within the next few decades (Frick et al. 2010). Therefore, 1t1s cru

these populations continue to be monitored.

f
ing bats were detected IhI'Ongh the use 0
)

3. Several species of cave and forest dwell

; ural Area.
acoustic monitoring at Dunbar Cave State Nat



85

Acoustic data from this s -
tudy indicate the at least ten adgjy; 1
. 1hional bat specieg
izi ] are
uilizing the areas directly adjacent to ang surrounding Dynpgy ¢
noar Cave. Many
: Vv of these

; forest-dwelling and are cons;j
species are onsidered relatively ¢ ;
> €OmMmon in this areq.
Nevertheless, presence of Myotis grisescens was detect
ed by both Echo()
) ass and BCID

; . Itis sus ected tha[ 1
ftware pxograms p IhlS endangered speci o
softwa pecies once used Dunb

for maternal roosting.

Additional information is needed on the landscape surrounding Dunbar C d
< ave, an

how it is being utilized by bat populations. Acoustic monitoring should be expanded
g expanded at

this site. and used in combination with additional capture methods such as: mist-netti
Sy § das; st-=netling.

These methods could confirm the presence of bat species detected by bio-acoustic
sampling units. Bio-acoustic data indicates that the majority of additional species
detected is foraging above and around Swan Lake. To ensure success with this technique

in the future, mist-netting efforts should be more intensive and focus on this area.

4. Site fidelity to this site remains low. and is not well understood at this time.

Upon initial review of the results from this study. two possible conclusions may be

drawn. regarding the site-fidelity among the cave-dwelling bat population of Dunbar

Cave. Fither there is a low rate of site-fidelity among the banded individuals using

\ 5 . i at this site has been banded.
Dunbar Cave. or only a small portion of the entire population at this site has bee

] 14 l. -Te( 11 ure s ”:l °Q O = 1 1 " ( " b N ‘("(" 1ave I ‘ldt‘d \lmlldl I.\
(ILHL ““.\‘. mark-rec: )I I i o 1 q varil \l} )t b ]l 5[\ 1CS l 1\ .\lL
il SU [ o f b j' }\' i % \ C(‘lJCkCn ._““. s
10\ N ll S Ot I'GIUIII l() tlle UliL‘l.lld' l .\ilﬁ (¢} an I“‘._‘ ( Un/ .-OU»‘~ 2 1
. ca & y -~ [; SQ ] 1 1 6 ) Q ) 1] ec- 'l. € lh’lls 0\ CI hﬂLLH

ve ) . »f these In
44rs. and reported recapturing a mere two percent al
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An additional 0.

. .' > 0 - bt
panding S1€: 3% of banded Individuals were captured
¢d at other Jocaljt;
(Cockrum 1969). A more recent study focusing o, mark-tecapy ities
: ure of severg] cave-
gwelling. temperate bat species of the Czech Republic Teported results of
Sults o recapture more
his study (Gaisler & Chety]
comparable to't etyl 2002). Over the ¢
ourse of forty two
years,
o ; ight species were banded dur: .
individuals from e1g nded during winter caye s
urveys, and by the fina]
vear of study (2002) 22.8% were observed returning (Gaisler & Chetyl 2002). Gais]
3 . Gaisler
and Chetyl (2002) also began netting bats at the same cave in the Czech Republic durj
ic during

the summer of 1991. Over the nine years of continued netting, 13 4% were recaptured

(Gaisler &Chetyl 2002).

A similar percentage of return (banded individuals captured to total individuals
captured) was observed among the bat population during harp trapping events (8.3%) and
cave surveys (9.9%). Although banded individuals observed within the cave were not
included in the CJS population model, return rates for both methods were similar to the
value predicted by the CJS model of proportion of the population that has been banded

(0.095 or 9.5%) (Table 3).

The CJS maximum likelihood model estimated a mean rate of survival of 0.605

#-0.500 (0.105-1.105) between months for the sample population captured by harp trap

a Dunbar Cave (Table 3). This suggests a low rate of survival (~10% living to four years

it i is site (Rivers et al.
with some bats living over ten years) among the bat population at this site (

: ival rate 1s a
2006)- Itis difficult to accurately conclude whether this calculated survivalra

tomect approxi :
1mation.
pears as though a very low

Based on rate of recapture of banded individuals, 1t ap

everal
; . Cave. Thereares
POPortion of the banded population is returning {0 Dunbar
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sotential explanations for this. First of all, 5 large proportion of the individuals bangeg
(hroughout the course of this study were Juvenile males (Table 8). Although bats gre
relatively long-lived. in general, surviva] during the firgy year of a bat’s life is ofien low
especially for juvenile males (O’Shea et 3] 2004). Sendor ang Simon (2003) foung th;;1
- had the strongest effect on survival among colonjes of Pipistrellys pipistrellus, and
concluded that juveniles should be excluded from models, or analyzed separately to

ensure more accurate results. In addition, analyses of male skewed bat populations are

often affected by what is known as “the transient effect™ (Sendor & Simon 2003). In

other words, results may be skewed due to fact that maje bats naturally display more
movement and less site fidelity (Sendor & Simon 2003). Approximately 80.5% of all
individuals captured during this study were male (Table 6). Male bats typically disperse
farther from natal roost sites, travel farther distances, and move between several local
sites during swarming season for optimal mating opportunities (Kerth et al. 2003:
McCracken 2003; O’Shea et al. 2004). The low rate of site fidelity observed during
summer and autumn could be due to this increased emigration, and difference in
dispersion among male bats (McCracken 2003; O’Shea et al. 2004). Therefore. it is very
likely that the low recapture rate observed at Dunbar Cave is due to the fact that the

banded population is comprised mainly of male bats.

i nbar Cave, any
Despite the low number of banded bats observed returning to Du

- bologically significant (Rivers etal
degree of site fidelity among bat populations 1S biologically sign!

i ific biological conditions
2006). Bats are potentially returning to this site. because specific g

. 1ve
: r reproduct1v
. al foraging 0
e being met here, such as; preferable roost sites Or optim =
2

ion of the
: hat the portion 0
“onditions (Krebs & Davies 1997). It may also be possible th
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hopulalion that was banded is showmg loyalty ‘© Dunbar Cav
AVE, as well as_ 4 collecti
5 ction of

. local sites (O"Shea et al. 2004). T;s perhaps explaing why on]
nly some individuals

- observed returning at particular timeg and some are not
not.

In order to completely and comprehensively under
stand bat populatj '
on dynamics and
. t this site, more involved
social structure a , ¢d methods are needegd I
- Ithas been found th
at

: igher degree of genetic variati
there 1S @ higher alion among swarmin ba
g bat assemblages com
g pared

(o colonies of hibernating bats inhabiting the same sjtes (Kerth et al. 2003: par I
- <UUD] sons et al.

2003; Rivers et al. 2006). In addition, it has been documented that individuals of several
cave-dwelling bat species show an extremely high rate of site fidelity among three to four
local sites that are usually within close proximity to each other. as well as natal roost sites

(Rivers et al. 2006).

At this point, data are lacking, regarding the genetic make-up and local movement
patterns of the cave-dwelling bat populations at Dunbar Cave. These factors should be
investigated in the future to gain a clearer understanding of bat fidelity to this site.
Radio-telemetry methods could be useful to locate nearby maternity roosts. swarming

sites and hibernacula. In addition. non-invasive genetic sampling would assist in gaining

. 8 ; : ; armine has been noted
a clearer insight into the social structure of these populations. Swarming has been note

e o e o . . er consecutive
0 peak in mid-September to October and individuals may not return over ¢

. R .rtaken at this site
mghts (Rivers et al. 2006). The majority of harp trapping €¥ ents undertaken 2

. varming studies
have occurred between the months of May through August. Future SWATTTS

! ber. October. and
should attempt to schedule capture events during August. Septem

| is ti -od (Rivers et al. 2006).
e obtain samples that better represent this time period (
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< Statistically. there was not

over time.

Statistical analyses did not support the prediction that an gve 111
Tall increase ip femal
e

; bserved among the populat :
pats would be o Population over time Th _
- 1S was difficult to ggg
ess, due

hic data w :
(0 the fact that demograp as not collected durip jori
g the majority of cave sy

rveys.

The increase in female abundance observed during July ang August of both fth
years of this
study. however, further confirms Kurz’s (201 1) observation that Dunbar Cave was and
an

continues to be used as a site for swarming (i.e. reproductive behaviors)

Swarming is a reproductive behavior observed among temperate bat species, and
is characterized by erratic and irregular flight in and around underground sites, typically
used as winter hibernacula (Kerth et al. 2003). Large aggregations of multiple bat species
are associated with “swarming” and typically individuals are considered transient during
this time (Kerth et al. 2003; Parsons et al. 2003). This further explains why a relatively
low number of individuals have been observed returning during months of capture. In

fact, the entirety of mark-recapture data used for the calculation of population parameters

were collected during late spring, summer, and early fall. This should also be taken into

account when interpreting estimates of abundance and site fidelity. More frequent hands-

' sition of the
oncave surveys and capture events are needed to explore the sexual compo

bat Population at this site.

' - ons in at least three of
6. Individuals of Perimyotis subflavus ar forming aggregation

the chambers in Dunbar Cave.
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The majority of the cave surveys i, Which spagia]
1al analyg;g
\%Y%

. 4 applied, regy|
naSMI value of >0 (Table 15). A Sm Value greatey than )
Z€r10 in,

e dicates 4
erogeneots distribution among the Population, o i, other words j
Ids, implies clumpy

| Ping
n (Kreb
ongihe population ( $ 1999). Three of the ten analyses, howey

» HOWever, resulteq inal
)

Table 15). Theses specifi
value of 0.00 ( € cave surveys took :
Place on Apri 1, 291
. and
Varch 30. 2012 within the 73-10 chamber, ang on April 12, 2012 within the dry [_
’ € dry Lots of

Bats chamber (Table 15). A T; value of zero indicates that the population is random|
ndomly

distributed, or that no clumping is present (Krebs 1999).

It is difficult to draw definite conclusions regarding the spatial distribution of th
e
bat population within Dunbar Cave, based on these results. It does appear, however. that
for the majority of the time, at least during the cave surveys included in the analyses.

individual bats are roosting within close proximity of one another.

Allindividuals included in these analyses were Perimyotis subflavus. This
species is known to roost singularly (Fujita & Kunz 1984: Sandel et al. 2001). Patterns of
spatial distribution, however, imply that individuals may be forming aggregations within
pecific areas of the cave (Appendix E). In fact. it appears as though specific areas
Within cave chambers are being used repeatedly (Appendix E). This could imply that
there are “prime™ or “preferred” roost sites within Dunbar Cave. and that as density
increases_ individuals form aggregations in these areas. On the other hand. Perimyotis

‘ - .cific roost sites within
Subflavys is known to be loyal to winter hibernacula. as well as. specit

i o ever. whether
t . ) A - unclear at this point, howeve
hese hibernacula (Briggler & Prather 2003). It is uncle

o rning or
e = . e surveys are returning
the Individyalg noted in the same areas during separate GAVE SHITSS

different individuals.
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perimyotis subflavus is known 1o yse Wide range of
CMperatures with;
in

pibernacula (Hill & Smith 1984). Briggler and Prather (2003) found that this species
prcfcrs larger. warmer caves that provide 5 variety of thermally stable roost sites. This
may allow these bats to shift positions throughout the winter. From the same study,
Briggler and Prather (2003) found that signiﬁcantly more individuals of p subflavus

weresolisarved i Gaves thiat corntained wide temperature gradients, but that showed

smaller changes in temperature between seasons.

Dunbar Cave is used year round by local bat populations, particularly P.
subflavus, and numbers within the cave peak in spring (Figure 17). Seasonal cave use at
Dunbar Cave is consistent with what would be expected among temperate bat species
(Barbour & Davis 1969; Briggler & Prather 2003). First of all, during summer there are
few individuals observed roosting in Dunbar Cave (Figure 9; Appendix G). The bat
population captured at the cave entrance, during this same season, was comprised almost
entirely of males (Table 6). These observations further confirm Kurz's (2011) conclusion
that Dunbar Cave serves as a roost site for male bachelor colonies. Investigation of

) el
chamber use during this time illustrates that the occupying bat population 1s typically

i is likely that
roosting within the Entrance chamber of Dunbar Cave (Appendix G). It is likely

- , .
/ “day-roost”, as well as.
during summer, individual male bats use Dunbar Cave as a “day

: 01; Kerth 2008).
Place 10 rest between nightly feeding bouts (Sandel et al. 20

reproductive behaviors) (Figure 7). At

®htrance, suggesting the onset of swarming (1.€: .
t cave cham
. ]y throughou
the same time, individuals begin to disperse more evenly

; ] ted as being
. dividuals were no
( Appendix G). During autumn cave surveys several indiv1



u}‘lt‘“‘l\ awake and were often seen fly
col : J

{his chase hehavior is associate
s chds

(Kerth ¢t al. 2003: Parsons et al. 2003),

Demographic information, such as, sexual composition -
Ol the populatio
n was

d during winter cav

[imite ¢ surveys. The data that Was obtained however imply th
’ ] y that

(here is @ more even sex ratio among the hibernating Population (Table 6), which has also
been observed in previous studies (Rabinowitz 1981; Sande] et a. 2001). Individuals are
Jlso more evenly distributed throughout cave chambers during this time (Appendix G).
Numerous individuals were also noted as having visual collections of condensation on
body surfaces. Although most bats may begin to collect condensation during short bouts
of torpor, P. subflavus typically becomes completely covered in large drops of dew
during prolonged torpor (Briggler & Prather 2003). This combined with the fact that
some of these individuals are documented in the same roost sites during consecutive
winter cave surveys, suggests that they may have remained in the same position for a
substantial amount of time (Willis et al. 2006; Willis & Brigham 2003). Consequently,

this confirms the use of Dunbar Cave as a winter hibernacula (Sandel et al. 2001).

Although statistical analyses did not reveal significant differences between

i eared to
Population means within individual cave chambers, at least three chambers app

d both the
be preferred throughout the year. These included; the Entrance chamber, and b0

eared to be
Wet and Dry Lots of Bats chambers (Figure 11). The Entrance chamber app

.. d using cave
sed more frequently during summer, and individuals were observed using
( Appendix G).

. : ther seasons
hamber located deeper within the cave system during all 0
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-:anal conclusions c: :
Few additional conc can be made regarding seagop |
al cave ch
Upation

+ hout more information on confounding bio; _
withou otic and abiot;
1C faCtOrs

ond Hallway chambers of the cave display the highest temperature gradients, anq are the
only chambers where Myotis species were found during this study. Perimyotis s, blavus
s more frequently found in the Entrance chamber during spring and summer. This is
most likely, because these bats can better tolerate the higher temperature gradient
associated with the Entrance chamber during these warmer periods. The Lots of Bats
chambers are preferred by P. subflavus throughout the year, most likely, because these
chambers have remained undisturbed for several decades and they are located deep
within the Dunbar Cave system and do not experience large influxes of water. In
addition, the Lots of Bats chambers displayed the most stable temperature. It is unknown
how the flow of water through Dunbar Cave may be affecting internal cave temperature
and humidity, if at all. A bridge crosses over the River Styx in the specific area where

the data logger was placed. This specific location was chosen, because the data logger

i i v / ey water
could be secured to the bridge, and retrieved during successive cave Surveys. The wa

i i ifi ition,
temperatures recorded may only be representative of this specific area. In addi

u , ilings of various
above ground water is constantly seeping through the walls and ceilings of

m a7 P jver Styx at \'ar}'ino
chambers. This could also influence water temperature within the River Sty &

locations throughout the cave.

‘thi Cave
. . t within Dunbar
Seasonal chamber use and overall population movemen |
ino the spring
: ; mbers during
fveals a more even distribution of bats throughout all cave cha
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_ason (Appendix G). There are several pote
e

5 atio *ans observed within (1:
ereased population means observed withip, this caye System d
M during the gpp
€ Spring sea
son

nd the observed trend in distribution and increase ip overal]
‘ crall movem
ent.

First of all. during the last few monthg of the hibernatiop season, ind
on, individug] males

ay alternate bc.tween bouts of torpor and arousal in pursyit of final attempts to copulate
(Barbour & Davis 1969‘. fBarbour & Davis 1974), Female bats may also begin arousing
in anticipation of parturition and emergence for formation of maternity colonies (Willis et
al. 2006). Moreover, as external temperature Increases, insects once again become
available for consumption. Individuals of both sexes begin to arouse from torpor, and
will begin to exit the cave in search of food and water (De Jong & Ingemar 1991; Willis
& Brigham 2003; Willis et al. 2006). During this time bats have been documented not
only moving among cave chambers, but also moving between local sites (Baranauskas
2001; Gaisler & Chytil 2002). It remains unknown, however, whether the observed
increase in population between winter and spring at Dunbar Cave is due to the arrival of
new individuals to this site, or if, as external temperature increases, individuals slowly
move towards the entrance of the cave. These individuals may have been in areas of the

cave that were not accessible or visible to researchers during earlier cave surveys.

B . ions. Roostin
Additional information is needed to draw more specific conclusions .

| . Lo ial organization,
habits may vary seasonally, according to sex, reproductive condition, social 0Tg

. - side the cave, the
and food habits (Kunz et al. 1983). Additionally, the type of roost inside the

tal § ions could each be
Umber of individuals per site, and roost acquaintances/soc1al interactions
; _ e ecies-sp€CieS
Nfluenceg by individual bats. Other considerations, for individual sp
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jjstribution could be caused by dispersion -
L

abundanc I
ance of food resources, predation

nd enerey imposed by body size and the physical envii
' onment (K yy
1z 1983).

Fxternal and internal environmentg] factors, sych as fluct
- Uctuations in t,
€mperature
b

-ditv. and air flow. have not been th
pumidity. an oroughly explored in thi
In this cave system

Therefore. it is impossible to conclude wh :
Therefore. 118 ether differences ; :
S In population mea
ns are

“mply occurring n response to normal i i
simply g2 fluctuations in external or internal environmental

changes. at this time.

Dunbar Cave was once inhabited by large colénies of M. grisescens. This species
is known for having very' particular and specific roost preferences (Barbour &
Davis1969: Ellison et al. 2003).  Perimyotis subflavus on the other hand are considered
to be generalist in almost every aspect of their biology (Briggler & Prather 2003).
Therefore. it is not surprising that P. subflavus is the most prevalent species at this site.
The two Myotis species documented at this site, however, are slightly more selective in
regard to roost site selection (Owen et al. 2003; Barclay 1982). The presence of M
lucifugus and M. septentrionalis indicates that Dunbar Cave also possesses charactgristics

that are appealing to species that are not considered ecological generalists.

Further investigation of biotic and abiotic factors should be explored to better

understand this. For example, temperature should be more closely monitored,

specifi i f individuals are
specifically, at individual roost sites, or areas where aggregations @ |

, : nitoring of bat
Observed. The collection of cave temperature data s essential to the e ¢

i ctuations detected may
Populations within hibernacula and summer r00st sites. Any flu
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cal poss1blc cause

2003).

Additional roost site characteristicsg should be investigateq
€d, as well; includin
y | )
' m entrance, relative humidi
— from en 3 1ty or percent roost
€Xposure. In addition

ide better understanding of cave utilizat m
prov ide 10n among the local bat i
population, as well.

spatial heterogeneity among the bat population of Dunbar Cave further suggest
. ges

popﬁlation patchiness, social behavior, site fidelity, and mating preferences. All of thes
. €

may enhance population persistence (Durant, 2000). Spatial distribution analvsis should

be expanded at this site, and be applied to other areas of the cave.

Conservation and Management Implications

Results from this study indicate that Dunbar Cave is being used year-round by
local bat populations. Specifically, this cave serves as a hibernaculum and a swarming
site. The presence of P. subflavus, M. lucifugus, M. septentrionalis and E. fuscus was
confirmed through capture. Additional species. including M. grisescens, were detected

acoustically in the areas directly surrounding Dunbar Cave.. Although the bat population

- - A e ined
atthis site has not increased significanly over the last four years. numbers have rema

stable. Moreover, mark-recapture and additional banding data indicate that the

i ) . ns and. in some
individuals utilizing Dunbar Cave vary greatly between.years. Seaso

; : n one population
cases, within the same month. This variation suggests that more tha pop

ovement among these populations.

inhabis this cave, and that there is a high Jevel of m |
: : bserved returning 0
¢ addition, approximately 10% of the banded population has been 0

;e s juveniles. This
Dunbar Caye Many of these individuals were originally banded a3
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insinuates that not only are bats dcpcnding on Dunbar Cay
€ year after year, 1,
» but that they

may also be recruiting other individuals to this site

The species captured at Dunbar Caye are, or were at i
| one time, consid
ered

Frick. et al. 2010). Within the last six years, however, thege Same species h
’ ecies have

experienced immense population declines, due to White Nose Syndrome (Blehart et al
€hart et al.

2009. Frick. et al. 2010). Myoris septentrionalis is currently being considered for listing
as a threatened species by United States Fish and Wildlife Service (Center for Biological
Diversity. 2011), and the few little brown bats (M lucifugus) found during this study are
part of a fragile population. Frick, et al. (2010) predicted that this species (M. lucifugus)
may suffer regional extinction in some parts of the United States within the next twenty
years. It is promising that M. septentrionalis was captured during both years of this
study. This was the first time this species has been documented at this site. Furthermore,
the M. lucifugus captured during 2012 were the first individuals of this species observed

at Dunbar Cave since it was deemed WNS positive in 2010 (Kurz, 2011).

Historical and physical evidence suggests that Dunbar Cave was once inhabited
by large colonies of cave-dwelling bats (Matthews 2011). Due to prolonged human

. ! : : ed. A
disturbance, however, these populations either abandoned this cave or were destroy

is, in fact, a
study on the effects of commercial cave tours on bats found that there 1s,

urs and bat

iti : - i ated by cave 10
positive correlation between the intensity of light and sound cre i

| 1 i ndalism, and
activity (Mann, et al. 2002). In addition, human disturbance, va
i i d are principal factors in
commercialization of hibernacula, alter cave microclimates, an P
ies depend
_ Several bat species
the decline of certain bat populations (Johnson. et al. 1998)
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on CAVES and other underground sites g areas of refuge dyrine r:
Ng times of vulnerah;l:
ability
. al. 2003). The pre i
(0"Shea. ¢t ) preservation and conservation of ba roggts ial
- especially caves
ized as the most i i |
s been recognize Important issue in bat i
conservation (Sheffield
, etal,

1992). This becomes particularly clear when realizing that many roost d
S are traditional,

S J \.' (
S . l

1992).

As human populations increase, wildlife habitat is used or destroyed. Local bat
ved. a
populations are not only affected by anthropogenic disturbance. but also face

complications and potential devastation from White Nose Syndrome. Bat species once

considered common may become threatened or extinct within the near future (Frick. et al.
2010). Studies on cave-dwelling bat populations indicate that various species display
differing levels of sensitivity to the combined damaging effects of climate change and
anthropogenic disturbance (Mann, et al. 2002, Scheel. et al. 1996). The cave-dwelling
bat population of Dunbar Cave appears to be recovering from prolonged human
disturbance. perhaps due to the elimination of cave tours (Mann. et al. 2002). In general,

bats are long-lived and are not highly fecund (Jones. et al. 2009). Therefore. severely

. . o A _ S > S
decimated bat populations may take several years. if not decades. to recover. Iti

: . ! < . . anding is especially
imperative that monitoring of these populations 1s continued. Banding 1s esf ;

. . . ~eitive oenerations of bats at
Important at this site and will assist in documenting consecutive genera

i / ~onsistently monitored at this
Dunbar Cave. Bat populations should be continually and consistently

ite i 5 . ati forts needed.
Site in order to gain insight into future conservation effo
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APPENDIX A
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APPENDIX E

Maps of Cave Chambers and Spatial Distribution Grids with Standardized Morisita Index
of Dispersion (16) Values for Investigation of Spatial Distribution of the Bat Population
within Dunbar Cave
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APPENDIX F

Acoustic data from 2011 and 2012
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All acoustic data from 2011was analyzed using

Call Identification. Inc. Springfield. MO. USA.

Bat Call Identification software from Bat

vp Location ig\llf{}"'g&&teﬁ\ms 2011
$531/2011 | Harp Amphitheater g1 “ANO | LABO | LACI | MYGR | MyiT-
z 21 e MYLU
5/31/2011 Harp Over Lake T\_l\] 0 0 | 13 |
6/28/2011 | Harp Amphitheater T]\] 174 L0 | 0o [ 9
7727/2011 Harp Concession Stand T+L -L_ o T3
72772011 | Harp Overlake | g T2 | 0 | 0 | 1 ]
(ya2011 [ Harp | Amphitheater | oy T ——+— 12 | 0 [ 13|
§/8/2011 | Harp Over Lake ?T:\] I T
6/29/2011 | Mist Trail above cave TTJNG_O\\B_I
7202011 | Mist [ _Forestabovecave | | T g—+—+——0 | 0 [0 |
778/2011 | Mist | Between lake and road | 01— 0 | 0 | o |
ontrail near stairsto | | L 0 | 0o |
8/9/2011 | Mist cave 6 |
= - .
Acoustic Pata Collected During Capture Events 2011 ]
Date | Type Location NYHU  MYSO  PESU UNKN | MYOTIS | Total
5/31/2011 | Harp Amphitheater 92 0 39 6 TR
5/31/2011 | Harp Over Lake 8 0 | 47 4 13 | 342
16/28/2011 | Harp Amphitheater 88 0 | 351 4 4 | 498 |
7/27/2011 | Harp | Concession Stand 20 0 | 718 31 4 822
7/27/2011 | Harp Over Lake 91 0 [ 1169 ] 2 158 | 1550
8/8/2011 | Harp Amphitheater 1| 1 875 | 3 17 1030 |
8/8/2011 | Harp Over Lake 31 | 1 [ 3 24| 931 |
6/29/2011 | Mist Trail above cave o | 0 | 5 5 | 0 | 14 |
72012011 | Mist | Forest above cave 1 0 0 o | 0 | 2 |
Between lake and l ‘ ‘
72812011 | Mist road 4 | 0 63 e | 9 _ 1 3% |
on trail near stairs to | :
8/9/2011 | Mist cave 25 0 207 2 14 274
[ I I S S N
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DATE  ANABAT # ~
= NABAT# 80665 (SWAN LAKE QT%T#S%SS (CONCESSION
. ND/AMPHITHEATER
\ Prominent Bat # Files ﬁ
_ Species | Detecteq | HFiles
. ; . —l U i . iles
Eptesicus fuscus 23 % Detected
Lasionycteris ] Ep’eSl'Cquuscus 10
noctivagans * 12 Lasionycteris D
: 12| .
Lasiurus borealis 147 B n(?Cl‘lvagans* #
. .
May 18, Lasiurus cinereus(2) 25 anurus el 129
2012 P — 25| Lasiurus cinereus 17
Myotis grisescens 13 Mootic o ]
Myotis septentrionali R YOILS grisescens 4
= MA ‘,'1 " *a . 2 Myotis sodalis* 1
v - } 0'15 2OdLs Nycticeius humeralis* 3
" . sk
N Ctizcuu.s humeralis 6 | Perimyotis subflavus 14
Perimyotis subflavus 30 Unknown s
Unknown 94| Total Call Files 251
Total Call Files 353
Prominent Bat # Files # Files
Species Detected | Prominent Bat Species Detected
Eptesicus fuscus 53 Eptesicus fuscus 27
Lasionycteris Lasionycteris
noctivagans 2 noctivagans* 4
Lasiurus borealis 725 Lasiurus borealis 598
Lasiurus cinereus 8 Lasiurus cinereus(2) 1
Myotis austroriparius 1| Myotis austroriparius -
August 8, Myotis grisescens /ﬁz_j Myotis grzse-sclfns 6
2012 Myotis lucifugus _//,14 Myotis leibit *—'l”_
: ] fugus
Myotis septentrionalis /_1_ Myotis lucift u_gu ? ’_"'1———
. . ] tentrionalis | 1 |
Myotis sodalis _//’I"MM”.'/
e ) 9 Myotis sodalis I
Nycticeius humeralis | "4 = is* 10
% 161 Perimyoﬁs subflavus 265
| Unknown Unknown 138
i3] TowlCallFils | 18—
Total Call Files |
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o ed were detected by lichoclqss Acoustic ID Program as the Prominent Bat
gpecies 11 Species per file

o ‘h SpCL 2 R Y n
l““’ sn“(’ ]"lnﬂlng f[OIn 0 3 ca ng l) ob b
“’CSL = a y Of

highest probability (99%)

~0/.

nN= 930,/0

sence .
(=10 PTes listed were assigned a 3 unless otherwise indicated
All speci€
*= 10 preseg%nits were equipped with Anabat® green high mount microphonés‘.aﬂd
Both AnabZtS‘) ngle pointing out over the area of interest. Due to the close proximity of
ata a .
set up s overlap in recording may have occurred.
the un
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APPENDIX G
Seasonal Cave Chamber Selection within Dunbar Cave

(2011-2012)
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Distribution of Bats During Summer Surveys
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g'\str"lbuﬁon of Bats During Autumn Surveys
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Distribution of Bats Observed During Winter Surveys
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Distribution of Bart:s" Observed During Spring Surveys
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