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ABSTRACT 

\ 'ERO IC A BROOK MULLEN. Spati al and Tempora l Trends of Bat Popul ations at 

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

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 detennined . 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 

V 



indi ca tes that the bat population at thi s 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 

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

preferences of the inhabiting bat populations. 
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CHAPTER I 

INTRODUCTION 

Introduction and General Inforn1ation 

Bats are the second most speciose order of mammals, and arguably 

the most di verse (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 I, 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 di sperse rs, 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 approximatel y $22.9 billion (Boyles et al. 20 11 ). Regionall y, that 

equates to between $4.8 and $6 .6 million a year in agricultural cost 

(Boyles et al. 20 I I). 

Locall y, bat populations are threatened by many factors . Habitat 

destruction in the form of deforestation, as we ll as, damage to 

underground hibernac ula and roosting si tes through commercialism and 

vandali sm greatl y 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. 20 11 ). In addition, cave-dwe lling 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 optimall y between five and ten degrees 

Celsius, but can survive at temperatures of up to 20°C (Blehart et al. 

2009). As a result, G. destructans thrives in bat hibernacula, such as 

mines and caves, which locall y range in temperature between two and 

I 4°C (Blehart et al. 2009). Once establi shed. the hyphae of this fungus 

invade hair fo llicles and assoc iated sweat and sebaceous glands, 

eventuall y breaching the basement membrane of the underl ying ti ssue 

(Blehart et al. 2009; Gargas et al. 2009). Consequentl y. 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 act iYity during a no1111ally inactive period leads to the 

premature depletion of fa t reserves in affected individuals (Blehart et al. 

2009). 

Many endothem1ic animals enter prolonged bouts of decreased 

physiological acti vi ty. known as torpor, during periods of time when food 



may be scarce or una\'ai lable. Torpor is characterized by a markedly 

reduced metabo lic ra te, as we ll as, a lowered body temperature 

(Wojc iechowski et al. 200 7). Insecti vorous bats of temperate regions use 

both dail y and hibernation torpor. Arousal from daily torpor occurs 

diurnall y, 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 I% is filled with bouts of temporary arousal to forage , 

drink water, or relocate within hibemacula (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. I 990). 

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 ti ssue 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. 20 I 0). 

Additional species are being considered for federal li sting 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 a result, 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 



hcaYil y 011 anecdotal evidence (Elli son ct al. 2003 ; O'Shea ct al. 2003) . 

Bats possess certain natural hi story tra its 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). As a 

result, there remains a lack of basic behavioral, biological, and ecological 

infonnation 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. (200 I) 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 fro m urban to ru ra l and wild situations (Sandel ct al. 

200 I: 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 200 I). 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 l 969). 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 hibemacula. 

This behavior is known as swanning, 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, mufti-species bat assemblages". Swarming generally occurs in 

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



(Rivers et al. 2006; Glover & Altringham 2008). The purpose of 

swanning is not entirely understood, however, there are currently two 

equall y 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 (Ke1ih et al. 2003; Parsons et al. 2003 ; Glover & 

Altringham 2008). During thi s time, the young of the year may be led to 

known winter hibernacula by adults, and are consequently given the 

opportunity to familiarize themselves wi th these areas (Kerth 2003 ). 

As wi nter approaches , temperatures begin to drop, and insect 

populations become unava ilable as food sources for insecti vorous 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 I 955; Hill & Smith 1984). Sperm is 

stored by females over wi nter, 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 

swarn1ing season progresses, however, this ratio begins to approach the 

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

Humphrey I 977; Kerth et al. 2003). 

Study Site 

Research was conducted at Dunbar Cave State Natura l Area in 

Clarksv ill e, Montgomery County, Tennessee. This site is an 110 acre area 

located approx imately one and a half mil es northeast of downtown 

Clarksv ille. 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 ConserYation, 2011 ). Man y comm unity and 

recreational activiti es take place at DCSNA including hiking, fishing, 

picnicking, and viC\\·in!.! of wildli fe. 

Dunbar Cave \\ J S formed milli ons of yea rs ago by the Red Ri ver 

cutting through limestone. \\·hich resulted in a lO\\·ering of the local wate r 

table (Tennessee Department of El1\·ironment and Conser\'at ion, 20 11 ). 

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 

ac idic and over mill ions of years dissolved the limestone along its route 
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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 20 I I; 

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 20 I I). Many large events were held within the 

cave, and at times the inner chambers housed thousands of people. ·' When 



hrilliant/v lighted with electricity through all of' its caverns, byways, and 

magnificent halls, some three orfour miles underground, it (Dunbar Cave) 

wit/furnish a day's entertainment and ample accommodations for 20,000 

peop le" (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 we ll known country music artists 

regu larly took place there (Figure 2). 

10 



Figure 1. Northeast view of the entrance to Dunbar Cave from 
Swan Lake. 

1 1 



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. 

12 



By the earl y I %O's Dunbar Cave was no longer in its heyday, and , 

:1~ a result. the prope1ty lay dormant fo r several years (Matthews 2005). 

Duri ng thi s period , va ndals and amateur explorers frequented thi s 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 

early I 970'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 

20 11 ). 

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 genera ll y believed that these stains were 

produced by a large co lony of Myo ti.\' grisescens (Matthews 2005). Myotis 
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grisc.,·cens prefer to form maternity colonies in large, hi gh-ceilinged 

chambers of wa1111er caves. like Dunbar Cave (Hill & Smith 1984). 

Fu11he1111ore. M. grisescens maternity sites are more commonly fonned in 

caves with standing, or softly flowing streams (Barbour & Davis 1969; 

Graham I 994 ). 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 

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



tll' clcmcntar~· school students. and . on average, was compri sed of around 

~() indi ,·idua ls (Amy Wa ll ace. DCS A Interpretati ve Speciali st, August 

I 0. ~0 1 I ). 

Bat populations were not considered when determining cave tour 

schedules. Tours occurred throughout spring, summer, fall , and early 

wi nter. at a typical rate of at least ten tours a week (Arny Wallace, 

DCS A, Interpretative Specialist, August I 0, 20 I I). A study on the 

effects of commercial cave tours on bats found that there is 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 hibemacula, alter cave 

microclimates, and are principal factors in the decline of bat populations 

(Johnson et al. I 998). 

Data do not exist in regard to bat populations at Dunbar Cave State 

atural 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 di sturbance. Since 2005 four species (Eptesicus fuscus, 

Lasiurus horealis, Myotis lucifugus and Perimyotis su~fla vus) have been 



documented either using Dunbar Cave or the surrounding areas. All of 

these are relati vely 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, 

especiall y 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 

di scovered a little brown bat (Myotis lucifugus) infec ted 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 fu rther 

spread of the Geomyces destruct ans fungus, as we ll as. to eliminate 

disturbance to an already compromi sed population. Since thi s time. only 

personnel affili ated 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 foc used on 

species legally classifi ed as protected or ··endangered·· (E lli son et al. 

2003). Monitoring programs for more common bat species are crucial fo r 

providing basic data. such as. habitat selection. landscape usage. and 

biological details. Such information is needed fo r conservation efforts 

(0-Shea et al. 2003). 



The O\'Cra l I goal for thi s project was to compare abundance, 

species diYer ity. and other population demographics among the cave­

d,,·el ling bat populations of Dunbar Cave to existing data, in order to 

detem1ine 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. 



ScYcral general predictions were made based on review of existing 

data and sc ientific literature: 

I. There will be an overall increase in abundance and species 

diversity among the bat population of Dunbar Cave over time. 

2. There will be an increase in females among the swarming 

population, in comparison to previous years. 

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

population . 

4. Bats will be observed aggregating in specific cave chambers. 

5. Several bat species will be recorded using acoust ic monitors that 

were previously not known to utili ze this area. 



Introduction to Methods 

CHAPTER 11 

METHODS AND MATERIALS 

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 representati ve 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 

foragi ng fl y-ways through the use of mi st-nets or harp traps (Franci s 1998: o·Farrell & 

Gannon 1999). Although Kunz and Kurta (1988) described mist-nets as ··the most 

commonly used devices for capturing fl ying bats ... harp traps are li ght-weight and more 

easily erected on site (O"Fan ell & Gannon 1999: Francis 1998). Moreover, when 

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



ten ti mes more efficient than mist-nets, especiall y 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-fl ying and 

fo raging 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 spec ies with lower 

frequency call s were netted more often than similar sized species with hi gher frequency 

call s. In addition, many fo rest-dwelling bat spec ies Oy at a height that requires several 

tiers of mi st-netting (Kunz & Ku1ia 1998). Such materi als are expensive and become 

di ffi cult to monitor and maintain (Kunz 2003). 

Recentl y. acousti c monitoring of bats. through the use of ult rasonic detectors, has 

been heavil y incorporated into bat research. lnsec ti \'orous bats rely on echolocation to 

detect and capture prey. to sense items. and obstac les in thei r paths. as we ll as. to 

socialize or share info rmation (Fenton 1988: Kunz 2003). In fac t. bats have been 

considered one of the most vocal groups of animals (Fenton 1988) . Individual bats or 

species produce distinct voca li zations and acousti c de\'i ces allow biologist to record and 

visualize these ultrasonic call s. Acousti c monitoring has become an especially useful 

technique since the emergence of White ose Syndrome. Thi s is mainly due to the fact 



that ul trasonic recording dc,·iccs arc nonintrusivc and faci litate a more hands off 

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

First of all. ult rasonic microphones and recording devices, (i.e. acousti c bat 

detectors) are not detectable by bat populations and therefore can be used repeatedly at a 

si te (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 

& Krn1a 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 identi fy 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 

#20 11-019)) 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 of 20 12. 



Federal and state agenc ies pennitted seven cave surveys and four harp trapping 

e\'ents 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 exan1ined 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, DCS A, Interpretati ve 

Specialist, personal communication, August 10, 20 11 ). 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 hibernat ing and day 

roosting bats, surveys ,,vere mostl y 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 v,1ere recorded, by measuring the left or right distance of each 

individual from the center point of the chamber, as well as, roost hei ght from the cave 



ll oor UI} the chamber wall. These measu t h 
t remen s were t en used to create a micro scale 

GIS map using the Arc Map I 0, 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 st 

and April 1
st 

of 2011 , and March 30
th 

and April 27th of 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 et al. 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 

C t. B MA USA) became available and were placed in various locations orpora 1011, oume, , ' 

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



lnggcr 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 of2012 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 of2012 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. 



l lar 1 tra 1 )i ll P and Mi st-ncttin, 

From May through August of 2011 and 2012 an eight foot Cave-catcher 36"x44" 

GS bat harp trap (Bat Conservation and Management, lnc. 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 aaencies did not allow the use of mist-nets at the cave 
' t:> 

entrance or within the amphitheater area surrounding the cave entrance. Therefore, two 

mist-nets were set up over corridors and fl yways. 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 fi ve interlocking aluminum poles, (36" 



Ion!.!_ X 0. 75" diameter, heavy duty 0.1 25 wall thickness) (Bat Conservation and 

Management, Inc. Carli sle, PA, USA), supporting a double panel Hot Foot Mi st-net 40 

(25' x Io· each) (Hot Foot America, Hayward, CA, USA) on both sides. Holes were 

LO 

dri li ed 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 1 0'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 

so 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 

area 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 un its were set at equal di stances between the two nets . All acoustic data was 



analv7cd wit h ei ther Echo Class software version I O (ERDC A c f E · . . , rm y orps o ng1neers, 

USA ) or Bat Ca ll Identifi cati on 20 IO (Bat Call Identification, Inc. Springfi eld, MO, 

USA). 

Animal Handling Procedures 

Prior to the capture and handling of bats an Animal Use Protocol Permit 

(#l I .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 li ght. 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 



phalangc, 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 va lue 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 a result of fungal invasion, the wing membranes of WNS affected bats may lose tone, 

strength, and elasticity, causing them to tear easily (Cryan et al. 20 I 0) . In addition, these 

weakened membranes often adhere to each other and may resemble crumpled tissue 

paper (Cryan, et al. 2010). As G. des true tans invades the epidermis it may digest the 

underlying tissues and leave behind large areas of pallor, or irregular pigmentation 

(Cryan et al. 20 I 0). 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 011 the forearm of each captured bat with the opening facing 



posteri orl y, or overl ying the patagia (wing membrane). Male bats were banded on the 

ri ght forea1111 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 For 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 20 I 0. 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 di versity fo r spring and summer capture events was determined by 

investigating population heterogeneity of the Dunbar bat community. Species diversity 

during swam1ing 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: 

1/0 = 1/E p/ 

Where 1/0 = 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 110 = (1 /0)/s 

Where Ei m = 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). 



The sex -rati o of ba ts captured during harp trapping events were also eva luated 

usi ng the Chi -square Goodne s of Fit Test. Although all stati stics for these analyses were 

pcrfonned using JMP 9 stati stical software (SAS Institute, Inc. Cary, North Carolina, 

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

X
2 

= I: (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 2011 ). 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 constant I y 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 

l 999). 



The Com1ack- Joll y-Seber (CJS) max imum likelihood model has been suggested to 

be the most applicable mark-recapture estimator fo r population parameters of bat 

populations (Kunz 2003; McCracken 2003 ). Because the Joll y-Seber method is designed 

for open populations; there is no assumption of absence of recrui tment or mortality, as in 

many earli er methods. Thi model, however doe a umc the fo llowing (Kreb 1999): 

I. Every ind ividual has the same probability of being captured 

2. Every marked indi vidual ha the ame probability of ·ul"\·i,·ing 

3. Indi vidual do not lose their mark . and mark , arc not o,·crlooked 

4. Sampling time is negli gible in relation t intcl"\ als bet\\ccn :amplcs 

The da ta obtained fo r thi s me thod \\ ere: 

11 , 

I., 

111 , number of marked inJ i, iJuab in ~ample, 

11 , num ber or unm ;,i rkeJ inJ i, 1Jual, 111 ~ample, 

Total nu mber of animals caught in sample,, , Tntal numher of animab released after 

sample , ( 11 , number nf acc1tlcn tal death~ nr ren1t1, ::ib 

R, 

1111 r 
:'\umber of mJrked an imals e::iugh t 111 a1111 le , b,t cat11!h t 111 ~ampler 

Num ber of the .,
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ind i, iduals rclea:eJ at . ample I and c rn ght again in ~omL later 
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During cave surveys, when an individual bat was encountered, roost-site detail s 

\\·ere 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 

each bat encountered on each cave survey was entered into ArcGIS J 0.0 (ESRI, 

Redlands, California, USA). A map was created for each survey using a general base 

map of the Dunbar Cave chambers surveyed (Appendix D). ln 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 thi s 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 stati stical 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, ew York, USA). 



This index was based on the standardized formula: 

Ip= n [ I: x2 -E xi (E x )2- r; x] 

Where Ip= Morisita ' s index of dispersion, n = sample size, E x= sum of the quadrat 

counts, and E x2 = sum of quadrat counts squared. 



CHAPTER III 

RESULTS 

Harp Trapping 

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 2011 , 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 M00l 1 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 I I, 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 
,., 31 July 30, 2012 28 .) 

August 8, 2012 61 10 71 

August 23 , 20 12 141 4 145 

Total 409 34 443 

*Indicates an incomplete survey 
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Date Banded 
Date Initial Band Initial Recapture 

Sex 
Reca~tured Age Identification WCI WCI 

June 28, 2011 July 27 , 2011 J M M0074* 0 0 

February 21 , 
2011 

July 27 , 2011 A M M0202 0 0 

May 31, 2011 July 27 , 2011 ] M M0069* 0 0 

August 12, July 27, 2011 ] M M0148 0 0 
2009 

July 27, 2011 
August 11 , 
2011 

] M M0247* 0 0 

June 2, 2009 May 18, 2012 J F F0099 0 0 

July 27, 2011 May 18, 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 M0080 0 

July 27 , 2011 June 29, 2012 J M M0232 0 0 

July 27, 2011 June 29, 2012 J M M0247* 0 0 

June 28 , 2011 June 29, 2012 A M M0061 0 0 

July 27, 2011 Julyll,2012 ] M M0059 0 

June 28, 2011 July 11 , 2012 A M M0074* 0 

March 30, July 11, 2012 A M M0394 0 

2012 

June29, 2012 July 26, 2012 A M M0322 0 0 

August 11 , July 26, 2012 J M 0037 0 0 

2011 

Julyll , 2012 July 30, 2012 A M M0336 0 0 

May 30, 2012 July 30, 2012 A M M0314 0 0 

May 31 , 201 l July 30, 2012 J M M0069* 0 

February 21 , August 8, A M 000790(TWRA) 0 0 

2011 2012 

Julyll,2012 
August 8, A M M0401 0 0 

2012 

Julyll , 2012 
August 8, A M M0345 0 0 

2012 

July 11 , 2012 
August 8, A M M0385 0 0 

2012 

Apri\27 , 2012 
August 8, A F F0l58 0 0 

2012 



August 12. August 8, 
J 

2009 2012 M M0l43 0 0 

pril 27. 20 12 
August 8, 

A M 20 12 M0355 0 0 

June 28, 20 I 1 
August 8, 

J M 2012 M0070 0 0 

July ll , 2012 
August 8, 

A M 2012 M0348 0 0 

April 27, 2011 
August 8, 

A 2012 M M0370* 0 0 

April 27, 2011 
August 23 , 

A M M0370* 2012 0 0 

July 30, 2012 
August 23, 

A M M0409 2012 0 

August 12, August 23 , 
A M M00l l 

2009 2012 0 0 

August 8, 2012 
August 23 , 

A F F0173 2012 0 0 

N=34 
* indicates multiple recaptures of individuals _ indicates a dremeled band identification 
number (All male bands were used upon completion of the 20 11 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 M0069 = Eptesicu -.Ji.1scus 
Individual 000790 = Myotis septentrionalis 

All other individuals = Perimyotis subflavus 
Wildlife biologist from Tennessee Wildlife Resources Agency accompanied APSU/CEFB 
researchers during the February 21, 20 11 cave survey. Six bats were banded with TWRA 

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

Period of Capture n (l N Std. Error of N 

1 (2009-2010) 121 

2 (May/June 2011) 25 0.038 193 .1 574.7 

3 (July/August 
88 

2011) 
0.045 1304.4 1008 

4(May2012) 22 0.217 300.5 255.3 

5 (June 2012) 18 0.211 224.8 149.2 

6(July2012) 73 0.095 398.7 199 

7 (August 2012) 216 0.046 



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

Std. 
Period of Capture <I> 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 1.808 0 -292.8 455 
2011) 
4(May2012) 0.455 0.353 54.1 141.4 

5 (June 2012) 0.568 0.536 262 .7 205.1 

6(July2012) 0.605 0.500 273.6 222.2 

7 (August 2012) 



Based on total number of indi vidual s captured h · 
per arp trapping event, data 

indicated, that more bats were captured during 20 \ 2 than 20 1 1 ( 1 13 vs. 330; Figure 
3

). 

The data could not be assessed in this manner however be 
1
- · d , , cause samp mg peno s were 

uneven. Therefore , mean number of bats were compared bet · d ween years m or er to 

detennine 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= I) for both years of this study (2011 -2012). 

Data collected during 2009-20 IO (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 

di stributed (Shapiro-Wilk Goodness of Fit, p = 0.0011 *, a= 0.05). The Kruskal-Wallis 

rank sum analysis (p = 0.4532, a = 0.05, df= 3) determined that there was not a 

· · · · · h ber of bats captured from 2009 to stat1 st1call y s1gn1ficant difference between t e num 

20 ] 2. 
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Figure 3. Total number of bats captured ( =443 ) during harp trappi ng events 20 11 -20 12 
(n=I 3, including incomplete survey*). 
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A total of four bat species were captured during harp trapping events at Dunbar 

Cave. The majori ty (N=425 ; 95.94%) were Perimyotis sub.fl.avus (Table 5). The other 

three species captured(£. .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 I (Krebs 1999). 

The reciprocal of Simpson 's diversity was detennined as, 1/0 = 1.085. The reciprocal of 

Simpson's diversity ranges from l to s, s= the number of species in the sample (Krebs 

1999). In this fonn 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 J 999). Simpson 's measure of species evenness, which ranges from 0 (low value) 

to I, was calculated as 0.27 1. Both indices were relatively low due to the predominance 

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

- Species Year Total 
2011 2012 

- Perimyotis subflavus 102 323 425 

Eptesicusfuscus 9 4 13 

Myotis septentrionalis 2 2 4 

Myotis lucifi1gus 0 1 1 

Total 11 3 330 443 

Harp trapping events, n= 13 



4 .) 

Three hund red and fift y fi ve male bats and 86 ~ 
emale bats were captured during 

this stud )' (Table 6). inety four male bats and 17 fem 
I 

b 
a e ats were captured as a result 

of the four harp trapping events of 20 I I. During 20 I 2 261 1 , ma e bats and 69 female bats 

\\·ere captured . Few to no females were captured during May and June of both years 

(Table 6). Because of thi s, the Chi-Square Goodness of Ft t t . 
1 es was not appropnate for 

analys is of these data. Instead Fisher 's Exact Test was used d th b d 
1 , an e o serve ma e to 

female ratio (35 5:86) did not fit the expected 1: I ratio (p = 0.001 , a= 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 (156:43) 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 201 I) were compared to the mean number of female bats captured during harp 

. . h low number of females captured trapp111g events from this study. Because t ere was a 

over the past fo ur years (N= 11 8), and because these data were counts, all data were 

. . The residual data were normally 
transformed us111g the sq uare root transformatwn. 
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distributed (Shapiro-Wilk Goodness of Fit, p=0.2965, a=0.05), and variances between the 

samples were equal (Levene's test of equal variance, p=0.0730, a=0.05). 

To detennine 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=l .3403 , df = 3, p=0.3280, a=0.05 , R2 Adj.=0.0849) (Table 7). 

A one-way ANOV A was also used to compare mean number of female bats captured 

during harp trapping between the years of this study (2011 vs. 2012). No statistical 

significance was found (F=2 .6918 , df=l , p=0.1618, a=0.05 , R
2 

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 , 201 1 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 I 36:1 

July 26, 2012* 6 0 6:0 
July 30, 2012 26 5 5.2: 1 

August 8, 2012 59 12 4.9:1 
August 23, 2012 97 48 2.0:1 

Total 355 86 -4.1: 1 
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Table 7. Mean female bats captured during all harp trapping at OCS A 

Level Mean Std Error Lower Upper 
n 95% 95% 

2009 3 5.2344864 l 0.7169009 0. l 124932 17.9809922 

2010 2 7.06661206 l .075369 0.071 289 25 .4984602 

2011 4 3.48953608 0.5377289 0.03 l 3998 l 2.6657692 

2012 3 16.3333 l 81 0.7169009 4.36392 1 35.926 372 

Data used for one-way ANOY A between years 2009 through 20 12. 
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Figure 4. Mean male to female sex ra tios of all ba ts captured during harp trapping event 

(n=4, 20 I I , 11=8, 2012). 
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Three hundred and forty two adults and I 00 juveniles were captured as a result of 

the l 2 harp trapping events at Dunbar Cave throughout the course of this study (Table 8). 

In 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). ln 2012, however, 

a total of 328 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: I (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). 
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Table 8. Adult to juvenile ratios of bats captured during 
harp trapping at DCS A 

A:J 

Date 
(relative 

Adult Juvenile to 1) 
May 31 , 20 11 4 2 2: I 
June 28, 2011 0 19 19:0 
July 27, 2011 3 58 0.05 : I 

August 11 , 20 1 I 7 19 0.37: I 
May 18, 20 12 16 0 16:0 
May 30, 20 12 6 0 6:0 
June 14, 2012 3 0 3:0 
June 29, 20 12 15 0 15:0 
Jul y 11 , 20 12 37 0 37 :0 

July 26, 2012* 6 0 6:0 
Jul y 30, 2012 31 0 31 :0 

August 8, 20 12 70 70: I 
August 23 , 20 12 144 l 144:l 

Total 342 100 ~3: I 
Capture events = n= 13, including incomplete capture events* 
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Rate of recapture for each harp trapping event varied between months (Figure 8). 

overa ll , approx imately 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 20 I 2 (Table 2). 

Individual M0069 was an adult male Eptesicus fu scus, 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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CaYC urvc s 

total of 16 ( 15 complete and one incom 1 t ) 
P e e cave surveys were completed 

throuuhout the duration of th is study (Table 9) o · · II 
b · ngma Y, seasons were defined as 

winter (December, January and February), spring (M h A .1 arc , pn and May), summer 

(June, July and August), and autumn (September Octobe d N b . , ran ovem er). This was 

adjusted, however, because three surveys occurred late wi'th· th · • 1 m e ongma 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=O. l 076, a=0.05), and there was no difference in 

variance between the samples (Levene 's test of equal variance, p=0.3022, a=0.05). A one 

way ANO VA was used to find that there was a difference among mean number of bats 

2 
observed within the cave per season (F=l9.3509, df = 3, p=0.0001 *, a=0.05 , R 

Adj.=0.7973). 

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

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

. . . d pring compared to summer and 
Cave occupation was significantly higher m wmter an s 

·f:c: however between mean number 
autumn (Table 1 0). There was no significant d1 ierence, ' 

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



)0 

cx===O.OS) or among summer and autumn seasons (Tukey-Kramer HSD, p=0.8534, a=0.05 

(Table IO) . 



Table 9. Number of bats observed, number of banded bat 
bats per cave survey at DCSNA. s, and number of un-banded 

Date Previously 
Un-banded banded Total 

February 21 , 2011 8 52 
April 1, 2011 60 

7 63 
Mayl2,2011 70 

2 44 46 June 8, 2011 0 2 2 August 23 , 2011 1 9 IO October 18, 2011 3 13 16 
December 8, 2011 3 27 30 
January 10, 2012* 2 14 16 
January 27, 2012 5 46 5 I 
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 I 

August 28, 2012 1 8 9 
October 23, 2012 2 24 26 

n=16 
* indicates an incomplete survey 

Mean # total indi viduals observed = 33.9 

Mean # previously banded observed = 3.4 

Mean # un-banded observed = 30.5 
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signi ficant difference (Tukey-Kramer, HSD). 
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Table 1 O. Pair-wise compari sons between seasonal mean n b f b . um ers o ats 
observed withm Dunbar Cave chambers 

- Level Difference 
Std. Err Lower Upper p-

Level Difference CL CL Value 

Spring Summer 55 .4 8.67445 29.2942 81.5058 0.0003* 

Spring Autumn 48.15 7.96799 24.1 703 72 .1297 0.0004* 

Winter Summer 39 9.69833 9.8128 68. 1872 0.0093* 

Wi nter Autumn 3 l. 75 9.07196 4.4479 59.052 1 0.0220* 

Spring Winter 16.4 8.67445 -9 .705 8 42.5058 0.2862 

Autumn Summer 7.25 9.07 196 -20.05 2 34.552 1 0. 534 

*Indicates significant results (95% confidence intervals) for Tukey-Kramer H D 
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To dctc1111inc whether there was a preferr d 
e cave chamber among the bat 

1u] ation. the mean number of bats observed with· h 
po~ 111 eac chamber was compared. 

o ,·erall . the data were not normally distributed (Shap · -W-lk G . 
iro 1 oodness of F 1t, p==0.0498, 

a==O 05), and variance was not equal between groups (L , . 
· evene s test of equal vanance, 

<0001 a=005) AK.ruskal-Wallisranksuma I · 
p== · ' · · na ysis was used to determine that there 

was no statistically significant difference between mean numbe f b t b d r o a s o serve among 

various cave chambers (p=O. l 467, a=O.OS, df=I4). 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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Figure 9. Seasonal mean number of bats observed for cave chambers for all cave 

surveys (n=l6), 20 11 and 201 2. 



63 

Monthl y mean temperature was recorded fi 
or seven cave chambers. Three of 

these chambers were monitored consistently over th 
e course of one complete year. The 

Entrance chamber experienced the largest fluctuaf . 
ions m temperature (Figure 10). The 

averaue temperature range for the Entrance chamb 
b er was recorded as 8. 9-13 .4 °c. The 

River Styx displayed little fluctuation in temperature (<l oc) . 
, rangmg between 14.5 and 

1 s.2°c. The area monitored between the two Lots of B t h b . . . a s c am ers remamed w1thm 

Q.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 ohime. 

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 < I °C 

fluctuation (12.4-13.3°C) . The Spray Hall chamber ranged from 13.6-1 3.7°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 1 O). These fluctuations were consistent with external, seasonal 

temperature fluctuations. The lowest temperatures were recorded between December 

2011 and January 2012 (Figure I 0). Still , the temperature within this chamber did not 

orted around 5.5°C (National 
drop below 8.9°C, while outside mean temperature was rep 

. . . . The hi hest temperatures in this 
Oceani c and Atmospheric Adm1mstrat1on 2012). g 
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hamber were recorded during July and August of 2012 c , but never exceeded 13 .soc 
(figure IO). 

Temperature was also recorded for the Hallw Ch b 
ay am er from March 2012 

through May 2012 (Figure 11 ). This chamber is adjacent to the Entrance chamber, and 

therefore, most likely, experiences a certain amount of air flo f h b 
w rom t e a ove ground 

environment. The temperature in this chamber stayed around 13 ooc +' h . . 
. 1or t e maJonty 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 l l ). 

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 I 0). The recorded temperature was, however, consistently around two degrees 

higher (l 4.5°C-l 5 .2°C) than any of the monitored cave chambers. 
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Figure 12. Weekly mean temperatures recorded for the Counterfeiter's and Junction 

chambers. Temperature was recorded over the course of four months. After two months 

of recording, the data logger in the Junction chamber exhibited battery failure. 



It was often unknown if individual bats observed during cave urvey were the 

. d. iduals using the cave or specific chambers over time. For thi rea on, the same in iv 

I an number of individuals per species was u ed to calculate pecie diver it 
overal me 

. 1 -5 ,;;ubflavus was the most prevalent specie documented u ing Dunbar (a\'e perimyo t . . 

h t the duration of this study (Table 11 ). Myotis l11c((11gm and .\f_rn1is 
throug ou 

68 

. Ii\· were ob erved in low number (Table 11 ). imp on· index of di\'C itv 
septentrtona . 

Ca
lculated as 0.696. The reciprocal of imp on div ity" dctem1incd a:. I D = 

was 

\.4
36

_ Simpson's mca ure of pecie e enne . whi h range r m O (\ ", a\ue) t I. 

wa calcul ated a 0.479 . 
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,able \ \. Bat species observed during cave surveys 

survey Date 
Perimyotis subfla vus Myotis lucifugus Myotis septentrionalis 

februarY 21, 20 l l 
58 0 

April l , 2011 
66 

2 

0 4 

MaY 12, 2011 
46 0 0 

June8,20ll 
2 0 0 

August 23, 20 l l 
10 0 0 

October 18, 2011 
16 0 0 

December 8, 201 l 
30 0 0 

January 10, 2012 
13 2 0 

January 27, 2012 
46 5 0 

March 30, 20 l 2 
53 0 0 

April 12, 2012 
74 0 0 

Apri\ 27,2012 
52 0 0 

May 23 , 2012 
20 0 0 

June 21, 2012 
2 0 0 

August 28 , 2012 
9 0 0 

October 23, 2012 
27 0 0 

Overall Mean 
32.8 

0.44 0.38 
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A total of 69 individuals were banded during the fi . . 
' ' ve cave surveys m which 

banding was permitted (Table 12). Forty five males and 24 female bats were banded 

. ·I . the cave (Table 12) . The male to female ratio did not fit the expected 1 ·1 t· ,,·it 1111 . ra 10 

(Fisher· s exact test, p=0.6844, a=0.05, df=4). The majority of bats banded (N=63) were 

. tis subjlavus (Table 13). Sixteen of the bats captured by hand during bandino penmyo t, 

within the cave were individuals that had originally been banded at an earlier 
surveys 

(T ble 14) Individuals M0127 and M0171 were observed on more than one 
date a · 

. (Table 14). Percent of banded to total number of individuals observed varied 
0ccas10n 

rvey Overall approximately 9.9% of all bats observed within the cave at any 
per cave su · ' 

. · were previously banded individuals (Figure 13). 
a1ven time 
z:, 
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Figure 13. Percent of banded to total number of individuals observed during cave 

surveys at DCSNA (2011-2012). 



Table 12. Total number of bats banded and sex of banded bats during cave surveys 
at OCSNA 

Number of 
# Date Individuals 

Males #Female 
Banded 

February 21 , 2011 8 4 4 
April 1, 2011 6 5 

January 10, 2012* 8 5 
., 
J 

March 30, 2012 17 10 7 
April 27, 2012 30 21 9 

Total 69 45 24 
*indicates an incomplete cave survey 
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Table 13. Total number of bats per species banded d · 
DCSNA . urmg cave surveys at 

Species Year 

2011 2012 Total 
Perimyotis subflavus 9 54 63 

Myotis lucifugus 0 1 1 

Myolis 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 cave surveys at DCSNA 74 

Date 
Initial Date Banded 

Reca tured 
A e Sex Band 

Initial Recapture February Identification 
WCI WCI 

April 29, 2010 
21 , 2011 A M 

M0183 0 0 
April 29, 2010 February 

A 21 , 2011 M M0167 0 0 August 12, 2009 February 
J 21 , 2011 M Mo124 0 0 August 12, 2009 February 

A M 21,2011 
M0127* 0 0 May 18, 2009 February 

A M 21 , 2011 
M0044 0 0 April 29, 2010 April 1, 

A M M0171* 2011 
0 0 April 29, 2010 May 12, 

A M M017J* 2011 
0 0 February 21 , 2011 October 18, 

A F 000785(TWRA) 0 0 
2011 

September 28, 2009 January 10, 
A M M0099 0 0 

2012 

August 12, 2009 January 10, 
J M M0l33 0 0 

2012 
July 27, 2011 March 30, 

J M M0214 0 0 2012 
April 29, 2010 March 30, 

A M M0157 0 0 2012 
April 29, 2010 March 30, 

A M M0l68 0 0 2012 
March 30, 

J M M0l20 0 0 
August 12, 2009 

2012 
March 30, 

M M0127* 0 0 
August 12, 2009 

A 2012 
April 27, 

M00l8 0 0 
August 12, 2009 

A M ---- 2012 

N 16 
All other individuals 

~ 

Individual M0099 Myotis . indicates multiple recaptures of 

Perimyotis subjlavus 
individuals 

lucifugus 
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Spatial analysis within specific cave cha b . 
m ers was performed m order to 

Pl·ovide quantitative data of bat populations within Dunbar c d d . ave, an to etermme 

whether bats were uniformly or unevenly di stributed. Because there were a hioher 
0 

number of individuals observed within the cave during spring surveys. spatial analyses 

focused on this season. 

The cave surveys of February 21, 20 11 , April 1.2011. March 30. 2012. and Apri l 

12, 2012 were chosen, because more individuals were ob erved during these times (Table 

11 ). The 73-10 and Lots of Bats chambers displayed both heterogeneou and 

homogeneous di stribution among the bat population (Table I ~) . The bat population 

within the Spray Hall chamber consistentl y di sp layed a heterogeneou di tribution during 

both months of20 11 (Table 15). Thi s chamber wa not ill\-c ti gated during 2012 cave 

surveys. because onl y one indi vidual was observed during both the ~arch and April 

surveys (Appendi x E). 



Table 15. Morisita's Standardized Index of 0 . . 1spers1on 

Date Chamber 

February 21 , 2011 73-10 

April 1, 2011 73-10 

March 30, 2012 73-10 

April 12, 2012 73-10 

February 21 , 2011 Lots of Bats (dry) 

April 1, 2011 Lots of Bats (dry) 

March 30, 2012 Lots of Bats (dry) 

April 12, 2012 
Lots of Bats (dry) 

February 21 , 2011 
Spray Hall 

April 1, 201 1 
Spray Hall 

}o=O for random distribution 

}o<O for homogeneous distribution 

16>0 for heterogeneous distribution 

7.89 

0.00 

0.00 

1.97 

9.87 

13 .81 

1.97 

0.00 

11.84 

5.92 

76 
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Acoustics 

All acoustic data collected during h . 
arp trapping surveys and attempted mist 

netting events during 201 I were analyzed usin B . 
g at Call Identification 2010 (Bat Call 

Identification, Inc. Springfield, MO, USA). Th · 
is program detected the presence of a total 

of nine bat species at Dunbar Cave State Natural Ar (A . 
ea ppend1x F). 

Bio-acoustic data collected during the early M d 
ay an August harp trapping events 

of2012 were analyzed using Echo Class version 1 o (ERDC Arn . 
· , 1y Corp of Engmeers, 

USA). These results were compared with the capture data c. th d 1rom e same ates 

(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 statisticall y (Table I 0). 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 1 O). A 

slightly higher number of bats were recorded within the cave. however. during spring of 

both years of this study (Table 10). In fact , this is the trend throughout the entire catalog 

f Excellence in Field Biology 2005-
of data from cave surveys at Dunbar Cave (Center 0 

20 l 2; Kurz 20 11 ) (Figure 14 ). 
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The highest number of bats observed withi 
n Dunbar Cave was 78 individuals on 

April 12. 20 12 (Table 9). In April of 2009 86 b t 
' a s were observed in Dunbar Cave 

(Center of Excellence for Field Biology 2005-20! 2) An . . 
. mcrease m population means in 

late March to early May appears to be a consistent t d . . 
ren across the ex1stmg data (Center 

of Excellence for Field Biology 2005-2012). 

Yearly mean number of bats observed during cav h . 
e surveys as remamed 

relatively constant from 2006 to 2012 (Figure 15) In 2007 bat I t· d 
1
. · popu a ions ec med, 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 20 I I). 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 ose Syndrome within 

a cave system, an associated increase in mortali ty is also observed among the bat 

population (United States Fish and Wildlife Service 20 12). The bat populations of 

Dunbar Cave did not appear to experience this associated increase in mortality (Kurz 

201 I). 
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CHAPTER IV 

n1scuss1oN 

C clusions and Future Recommendations 
$-

s \,eral conclusions to the original predictions w 
e ere made bas d ff · e o of literature review 

and the results of this study. 

I. At this time, it cannot be definitively concluded th b 
at a undance of the cave-

dwelling bat population(s) at Dunbar Cave is inc · reasmg. 

Historically, it has been notoriously difficult to obtain reliable t· f b es 1mates o a undance 

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 fom1 

colonies of various size, sex, and age compositions at different times of the year (O"Shea 

et al. 2003). Other invaluable information may be obtained. however. such as. relati vely 

accurate survival estimates (Kunz 2003 ; McCracken 2003). 

The CJS model was a relatively accurate predictor for total abundance ) at this 

. d d · 0 the final month of capture 
site. In fact, the actual number of individuals capture unn° 

b f · di viduals captured during 
for thi s study (August 2012), as well as, the actual num er O 111 

th .- · hi the predicted range of 
e 10ur years of banding at this site, both fell wit n 

(I 99.7-

- Table 3) and since 2009, 564 
)9?.7). In August 2012, 216 individuals were captured ( ' 

b of the harp trap. 
ats have been captured at this site through the use 
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Stati sti ca l results did not support the d' . 

pre iction that ab d 
. un ance at this site is 

. . sino (Kruskal-Walhs rank sum analysis _ 0 ,nc1ea o ' p - .4532, a== 0.05 df ==" . 
. . . ' -' ). Despite this 

laroest number of md1v1duals since bat resea h . . . ' 
the o re imtiated at this s·t 1 e was observed 
during this study (145 individuals; August 23, 2012; Table 

1) (Kurz 2011 ). Although this 

P
ture event alone cannot represent a shift among th . 

ca e entire population, it may be a good 

. dication that the cave-dwelling bat population of D b C . . . 
in un ar ave 1s thnvmg. 

It is difficult to compare the total abundance estim t fr h' 
a e om t 1s study to results 

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

recapture studies that focused primarily on Perimyotis subflavus. onetheless. thi s 

species remains as one of the most common bat species in the Eastern United States. and 

it is assumed that overall abundance would reflect this (Tuttle 2006). Thi being said, it 

is generally accepted among bat biologists that, due to the complex ity 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 ). 

. . . . . l I d d that the bat populati on at Dunbar At this time, 1t cannot be defimt1ve y cone u e 

C . . · . . 1 1, Despite thi s capture eYents 
ave 1s mcreasino based solely off of stat1st1ca ana ::- ses . · 

b l 

d . . 1 Th low number of obserw d 
an cave surveys have yielded promising resu ts . e 

. d t dino of emi gration and 
recaptured individuals indicates that complete un ers an ° 

i . . I bundance estimated by the CJS 
rnrnigration at this site is lacking. Therefore, tota a 

. • eded (Krebs 1999; 
fu h . nvesti oat1on is ne 

model was most likely an underestimate, and rt er 1 0 

b dance and survival 
Gasper & Chytil 2002; O' Shea et al. 2004). In the future, a un 



83 
. ,esti oations should be separated by age and s b 
,n, c ex to etter fit assumptions and ga· 

, m more 
accurate estimates (Gasper & Chytil 2002). 

2_ Species diversity has increased among the cav -d . 
e welling bat populations at 

Dunbar Cave. 

Due to the dominating prevalence of one species (P . 6,11 . . . • 
· su '.l ,avus), d1 vers1ty md1ces 

were low. Kurz (2011) previously documented individuals of p bfl 
· su . avus. E. fuscus. and 

M tucifiugus utilizing Dunbar Cave. Myotis septentrionat,·s· howe h d b · · · • ver. a not een 

observed here prior to this study. This species is currently being considered for li st ing as 

a threatened species (United States Fish and Wi ldli fe Service 20 1 J ). The documentation 

of M. /uc!fugus during cave surveys, as well as, capture events is also of biological 

significance at this time. Kurz reported observing only two M. !11c(f11g11s during the earl y 

part of her study in June 2009. This species was not documented again at thi s Natural 

Area, until January 2012 (Table 11 ). All together eight M. !11ci(11g11s were ob erved 

during this study. 

· · · / ·fi I h. tor1·call )' been considered two of Penmyot1s subjlavus and Myot1s uc1 ugus 1ave 1s 

. . . b · f the eastern nited States (Fenton the most common and widely d1stnbuted at species o 

& Barcia)' 1980· Briooier & Prather 2003). Both these species have also been 
> bb 

d . d I)' affected bY White ose Syndrome ocumented as species most severely an common · 

d rtalit)· associated " ·ith White Nose 
(Blehart et al. 2009; Gargas et al. 2009). Increase mo 

. d\\·ellino bat population of Dunbar 
Syndrome has not been documented among the ca"e- 0 

Cave, thus far. 
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The few indi vidual M. lucifugus that were fou . 

nd dunng this stud h 
. . . Y, owever, did not 

ear to be m the best condition. On Janua 27 apP ry , 2012, three littl b 
e rown bats were 

r und within the Hallway chamber of Dunbar C 
10 ave (Ap ct· . pen ix H; F1gurel6). One 
. dividual appeared to have a white powdery sub . . 
in stance, remm1scent of Geomyces 

destructans on its right forearm (Appendix H, Figure 16)_ 
Due to permit restrictions, the 

bats were not removed from the roost site, and therefi h 
ore t e actual presence of G. 

destructans was not confirmed. In addition the s· 1 M . 
' mg e · lucifugus captured at the cave 

entrance scored a WCI of I , due to extensive wing discoloraf (A ct· . ion ppen 1x H, Figure 

I 7). 

Although slight, the increase in species diversity among the cave-dwellino bat 
t, 

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. 20 11 ). 

It is likely that the increase in population numbers and species di versity observed among 

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

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

are scarce (Kunz 2003 ; McCracken 2003; O'Shea & Bogan 2003). Many bat species 

. d 1. and in some cases. potential 
once considered common face severe populat10n ec mes. 

0) Therefore, it is crucial that 
extinction within the next few decades (Frick et al. 201 · 

these populations continue to be monitored. 

,., . bats were detected through the use of 
J. Several species of cave and forest dwelling 

. St te Natural Area. 
acoustic monitoring at Dunbar Cave a 
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Acoustic data from this study indicate th 

. . at at least ten additional bat species are 
(lizina the areas directly adJacent to and surr d. 

u I o oun ing Dunbar C . 
. a\ e. Many of these 

ecies are forest -dwelling and are considered 1 . 
sp re atively common . h. int 1s area. 
Nevertheless, presence of Myotis grisescens was d 

etected by both EchoClas and BC!D 

software programs. It is suspected that this endangered 
pecie once u ed Dunbar aw 

for maternal roosting. 

Additional information is needed on the land 
ape urrounding Dunbar av . and 

how it is being utili zed by bat population . Acou tic monitoring h uld he xpanded at 

thi s site. and used in combinati on wi th additional capture method . u h : mi 1-ne11ing. 

These methods cou ld confirm the pre ence of bat pe i dcte kd by bi -a ou. ti 

sampling units. Bio-acousti c data indicate th t the maj rity of addi ti nal . pc i . 

detected is loraging above and around wan Lak . T en urc . u c .. \\ ith thi . tc hniquc 

in the future. mi st-netting effort hould be mor in ten i\'c and i u. n thi . area. 

-+. Site lidclity to thi s site remains lo,\·. and i not ,, ell understood at thi . time. 

Ll pon initial rni ew or the result from thi study. I\\ O po .. ihlc on lu. ion. ma: he 

dr:mn. rc!.!ardin!.! the site-fidelitY amon12 the ca\·e-d,\ clling hat population of I unhar 
..... .... . ._ 

(. ,- · . - . fid 1- nn the h::rndcd indi , idual. u. in_' :_l\'c. :llher there 1s a lo,, rate o! site- 1 e 1ty amo = 

h. · h~ hccn handed. I) l C • f h nti·r, population at t 1. - it un 1ar JW. or only a small po111on o t e e L 

G I d
. 1· . r1· , tY of hat -pc ic. ha, c: i ,[dcd . imilarly 

enera ly. mark-recapture stu 1es o a \ a c. 

•00 , \1 c·rn ken _oo:: 
lo\\ I - . • · f b ,dino (Kunz - - : · resu ts ot return to the ongmal sJte o ai = 

·1 db t o,-er fi fken 
0 d d 16' 89~ free-ta1 e a 

·shea & Bogan. 2003) . Cockrum ( 1969) ban e - · 

1 at the original 
\e ent of these indi,·idua 
· ars. and reported recapturing a mere two perc 
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11,
~i,din !! site. ;\n additional 0.3% of banded i d" . 
" ~ n iv1duals we 

re captured at other localities 
C ck.Jull1 J 969). A more recent study focusin 

( o g on mark-recapture of several cave-

d . !lino. temperate bat species of the Czech R bl. ,~ e o epu 1c reported 1 resu ts of recapture more 
nparable to this study (Gaisler & Chetyl 2002) 

co1 · Over the course of forty tw 
o years, 

. dividuals from eight species were banded during . 
in wmter cave surveys, and by the final 

,ear of study (2002) 22.8% were observed returning (G . 1 ) ais er & Chetyl 2002). Gaisler 

and Chetyl (2002) also began netting bats at the same . h 
cave m t e Czech Republic during 

the summer of 1991. Over the nine years of continued netf 1.., 401 mg, J • 1 0 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 

f · 1 ( 103/< Ji vino to four years 
at Dunbar Cave (Table 3). This suggests a low rate O Surviva - 0 0 

. . ulation at this site (Rivers et al. 
with some bats living over ten years) among the bat pop 

this calculated survival rate is a 2006). It is difficult to accurately conclude whether 

correct approximation. 
h oh a very low 

. d. . duals it appears as t ouo 
Based on rate of recapture of banded 111 ivi ' 

There are several 
pr · · t Dunbar Cave. 0P0rt1on of the banded population is retummg 0 
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, ti al explanations for thi s. First of all 1 potcn ' a arge proporf f . 

. ion o the mdividuals banded 
I. unhout the course of this study were J. uven -1 t 1ro ::: 1 e males (Table 8) 

. . . Although bats are 
. Jatively Jong-lived, m general , survival during th fi 
1e e 1rstyearofabat' i·c. 

s Iie is often low 
5 ecially for juvenile males (O' Shea et al. 2004) S . ' 

e p . endor and Simon (2003) found that 
ae had the strongest effect on survival among col . . . 

a0 omes of P1nzstrellus · · II r p1p1stre us, and 
concluded that juveniles should be excluded from mod 1 e s, 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" (Se d & s· 
n or 1mon 2003). In 

other words, results may be skewed due to fact that male bats natu 11 d. 
1 ra y 1sp ay 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. 

b d eturnino to Dunbar Cave. any Despite the low number of banded bats o serve r 0 

d .. I . II sionificant (Riversetal. 
egree of site fidelity among bat populations 1s bw ogica Y 0 

. . cause s ecific biological conditions 2006). Bats are potentially returning to this site, be P 

. (ma! foraoino or reproductive 
are being met here, such as; preferable roost sites or op 1 0 0 

.ble that the portion of the 
cond itions (Krebs & Davies 1997). It may also be poss1 
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lati on that was banded is showing loyalt 

~u Y~D~~C~ 
e, as well as II . . o·s1 ' a co ection of 

1 r local sites ( 1ea et al. 2004). This pe h . 
ot ,e r aps exp lams why onl . 

. . Y some mdividuals 
. observed retummg at particular times and s 

a1e ome are not. 

In order to completely and comprehensively d 
un erstand bat population dynamics and 

cial structure at this site, more involved method 
so . s are needed. It has been found that 

there is a higher degree of genetic variation among sw . 
armmg bat assemblages compared 

10 colonies of hibernating bats inhabiting the same sites (K h ., 
ert et al. 200.J: Parsons et al. 

2003; Rjvers et al. 2006). In addition, it has been documented that 1-nd · .d 
1 

f 
1v1 ua so several 

cave-dwelling bat species show an extremely hi oh rate of site fidel·t hr 
i:, 1 Y among t ee to four 

local sites that are usually within close proximity to each other. as well as natal roo t ites 

(Ri vers et al. 2006). 

At this point, data are lacking, regarding the genetic make-up and local mo,·ement 

patterns of the cave-dwelling bat populations at Dunbar Cave. These fac tor hould be 

investi gated in the future to gain a clearer understanding of bat fidelity to thi ite. 

Radio-telemetry methods could be useful to locate nearby maternity roosts. warming 

sites and hibemacula. In addition, non-invasive genetic sampling would as iSt in gaining 

I . . . . f h I t' s Swarmi no has been noted a c earer ms1ght mto the social structure o t ese popu a 1011 · 0 

. . . .d 1 t return owr consecutive 
to peak m mid-September to October and md1v1 ua s may no 

. 0 vents undertaken at thi s si te 
nights (Rivers et al. 2006). The majority of harp trappm0 e 

I a st Future swarming studies 
iave occurred between the months of May through Auou · 

sh · oust September. October. and 
ould attempt to schedule capture events dunng Auo · 

N . . eriod (Rivers et al. 2006). 
ovember to obtain samples that better represent th1s time p 
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. Sta tis ti ca ll y. there was not a significa t. 
). n increase of females 

. among the population 
0 ,·er t11ne. 

Statistical analyses did not support the prediction . 
that an overall mcrease in female 

bats would be observed among the population over time. 
This was difficult to assess, due 

t the fact that demographic data was not collected d . . . 
o urmg the maJonty of cave surveys. 

The increase in female abundance observed during Jul d A 
y an ugust of both years of this 

study however, further confinns Kurz' s (2011) observaf th D 
' ion at unbar Cave was and 

continues to be used as a site for swanning (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 

d ·t fid lity More frequent hands-account when interpreting estimates of abundance an si e I e · 

d I the sexual composition of the 
on cave surveys and capture events are neede to exp ore 

bat population at this site. 

. agareaations in at least three of 
6- Individuals of Perimyotis subjlavus are forn1mg i:, i:, 

the chambers in Dunbar Cave. 



. . f' I 90 The maJonty o t 1e cave surveys in wh· . 
ich spatial analysis w 

as applied I . sM I va lue of l15>0 (Table 15). A SMI val , resu ted 
in a ue greater than zero . d' 

m 1cates a 
. aeneous distribution among the populaf . 

hete!Oo ion, or m other word . . 
. s, implies clumpino 

na the populat10n (Krebs 1999). Three of th t t, 

aino o e en analyse h 
s, owever, resulted in a Io 

value of 0.00 (Table 15). Theses specific cave su 
rveys took place on April 1, 201 i and 

March 30, 2012 within the 73-10 chamber, and on A .
1 

. 
pn 12, 201 2 wnhin the dry Lots of 

Bats chamber (Table 15). A Iii value of zero indicates th 
1 

h . . 
a t e populat ion 1s randomly 

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

It is di fficult to draw definite conclusions regarding th · 
1 
d' • . 

e spat1a 1stn but1on of the 

bat population within Dunbar Cave, based on these results It doe a h th . ppear, owever. at 

fo r the majority of the time, at least during the cave surveys included in the anal y e . 

individual bats are roosting within close proximity of one another. 

All individuals included in these analyses were Perimyoris su~(larns. Thi 

species is known to roost singularly (Fujita & Kunz 1984: andel et al. 2001 ). Pattern of 

spati al di stributi on, however, imply that indi viduals may be fom1ing aggregation \\·ithin 

specific areas of the cave (Appendix E). In fac t. it appears as though pec ific area 

\\.- ti · · di (A d. , E) Thi could impl\' that 1 1111 cave chambers are bemg used repeate y ppen ix · · 

I b C d that a den ity l iere are ··prime .. or ··preferred .. roost sites with in Dun ar a\'e. an 

i, . . . On the other hand. Peri111_1·01is icreases. md1viduals form aooreoations m these areas. 
00 0 

. II s ecific roost sites with in 
.iubflavus is known to be loyal to winter hibemacula. as we as. p 

. I at th is point. however. whether these hibernacula (Briggler & Prather 2003). It is unc ear 

the i . . . ate cave surveys are returning or nd1v1duals noted in the same areas dunng separ 

different . d. . m 1v1duals. 



Fcrim_,·otis .rnh(larns is known to u . 
sea wide ran f 

. . ge o temperatures within 

I ·t cn,acula (Hill & Smith 1984). Briggler d p 
111 an rather (2003) fi 

ound that this species 
. i·ers !aroer, wam1er caves that provide a v . pie O anety of the 1 rma ly stable roost sites. This 

ma)' allow these bats to shift positions throughout the . 
wmter. From the same stud Y, 

Briao ler and Prather (2003) found that significa ti . . . 
oo n y more md1v1duals of P. subjlavus 

were observed in caves that contained wide temper tu . 
a re gradients, but that showed 

smaller changes in temperature between seasons. 

Dunbar Cave is used year round by local bat popul t· -a ions, particularly P. 
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subflavus, and numbers within the cave peak in spring (Figure 17) s 1 . easona 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 

chamber use during this time illustrates that the occupying bat population is typically 

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

d . b C "day-roost" as well as, a unng summer, individual male bats use Dun ar ave as a ' 

l . d I t I 2001 · Kerth 2008). 
Pace to rest between nightly feedmg bouts (San e e a · ' 

ed conITTeoating around the cave 
In autumn individuals of both sexes are observ e e 

. . roductive behaviors) (Figure 7). At 
entrance, suggesting the onset of swarming (1.e. rep 

1 throughout cave chambers 
the same time, individuals begin to disperse more even y 

I . dividuals were noted as being 
(A ppend ix G ). During autumn cave surveys severa m 



,!etch n\\ akc and " cr-c olten seen nying d . 
ct11111 · an chasing each oth 
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er throughout th · . · · • e cave . . 11 3sc bcha, 101 rs associated with reprod . · 
11i1s c • - uct1on among y . . 

espert1lhonid bat spe . ,., c1es 
. tli ,,1 al 2003: Parsons et al. 200.,) (J--CI' ..., . . 

Demographic infom1ation, such as, sexu 1 . . 
a composition of the population was 

limited during winter cave surveys. The data that was b . . 
o tamed, however, imply that 

ti ere is a more even sex ratio among the hibernating 1 . 
, popu ation (Table 6), which has also 

been observed in previous studies (Rabinowitz 1981 · S d 1 1 ' an e eta . 2001). lndividualsare 

al so more evenly distributed throughout cave chambers du · th' . . rmg 1s time (Appendix G). 

Numerous individuals were also noted as having visual collecti·ons f d . o con ensation 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 hibemacula (Sandel et al. 2001 ). 

. . . I · · fi ant differences between Although statistical analyses did not revea s1gm ic 

. I t three chambers appeared to 
population means within individual cave chambers, at eas 

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

W The Entrance chamber appeared to be 
et and Dry Lots of Bats chambers (Figure 11 ). 

us d . d' . d als were observed using cave 
e more frequentl y during summer, and m !VI u 

h . all other seasons (Appendix G). 
c ambers located deeper within the cave system dunng 



. . dditional conclusions can be made reg d' 
l·C\\ a ar Ing season 1 a cave ch b . . . am er occupation 

. 
1 

ut more 111fonnat1on on confoundmg bi t· 
\v1t 10 o 1c and abiotic .:: 1actors. 

93 

Temperature data along with spatial anal ses 
y generally supports th . e suggestion 

I t p subflavus prefer cave chambers with a low t 
t ,a . . emperature gradient Th E 

· e ntrance 
and Hallway chambers of the cave display the highest t . 

emperature gradients, and are the 

nly chambers where Myotis species were found dur· th· 
o mg is study. Perimyotis su~flavus 

is more frequently found in the Entrance chamber duri . 
ng spnng and summer. This is 

most likely, because these bats can better tolerate the highe t . r emperature 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 . . d • · cave surveys The water cou d be secured to the bndge, and retneved unng successive · 

. f h. cific area In addition, temperatures recorded may only be representative o t is spe · 

b 1 11 and ceilinos of various 
a ove ground water is constantly seeping through t1e wa s 0 

'thin the River Styx at varying 
chambers. This could also influence water temperature wi 

lo · cations throughout the cave. 

. movement within Dunbar Cave 
Seasonal chamber use and overall population 

h bers during the spring 
reve I hr ahout all cave c am 

a s a more even distribution of bats t ou0 



• 11 (:\ppcndi x (,) . There arc several pote t· 
1 sc:1~11 n ia explanat' 

. . ions regarding both the 

. . ... scd populati on means observed wi thin ti . 
,nct(,l. 11s cave system d . 

. . . . unng the spring season 
d the obscn-cd trend m d1stn bu t1 on and incre . 

:in ase m overall mo vement. 
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Fi rst of all. during the last few months of the h' . 
ibernation season, individual males 

'" alternate between bouts of torpor and arousal • . 
ma. m pursmt of final attempts to copulate 

(Barbour & Davis 1969; Barbour & Davis 1974). F 
1 ema e bats may also begin arousing 

in anticipation of parturition and emergence for format' f . . 
ion o maternity colonies (Willis et 

al. 2006). Moreover, as external temperature increases · t . 
, msec s once agam become 

avai lable for consumption. Individuals of both sexes begin to arouse from torpor, and 

wi ll begin to exit the cave in search of food and water (De Jong & Ingemar 199! ; 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. 

. . ecific conclusions. Roosting Add1t1onal information is needed to draw more sp 

h · d ·ve condition social organization, 
abns may vary seasonally, according to sex, repro ucti ' 

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

nu . . ces/social interactions could each be 
mber of individuals per site, and roost acquamtan 

. d. . dual species-species 
inlluenc d b . Other cons1·cterations, form iv1 e y indi vidual bats. 
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l. ·tribution could he 'auscd by di spersion a d b 
t 1~ n a undance of ~ 

. . ood resources, predation 
d ,11crl!' 11nposcd hy body s17,c and the ph . . ' 

:111 L ~. ys1cal env1ronme t (K 
n unz 1983). 

b tcrnal and internal environmental fa t 
c ors, such as fl . 

uctuations in temperature 
hurnidity. and air fl ow. have not been thoroughly e 1 . . . ' 

xp ored m this cave system. 

Therefore. it is impossible to conclude whether d'ffi . 
I erences m population means are 

si rnpl y occurring in response to normal fluctuations • . . m external or mtemal environmental 

changes. at thi s time. 

Dunbar Cave was once inhabited by large col~nies ofM • 
• grzsescens. This species 

is known for having very particular and specific roost preferences (Barbour & 

Davis 1969; 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 Dunbc1r Cave also possesses characteristics 

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

. . . . . d b. · ~ t s should be explored to better Further 111vest1 gat1on of b1ot1c an a 10t1c 1ac or 

understand thi s. For example, temperature should be more closely monitored, , 

. . h regations of individuals are 
specificall y, at indi vidual roost sites, or areas w ere agg · 

. essential to the monitoring of bat 
observed: The co llection of cave temperature data is . . 

. . An fluctuations detected may 
populati ons within hibemac ul a and summer rooSt sites. y 
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. ,ea l possible causes for abundance chan . . 
1e' ges W1thm the 

se populations (O 'Sh ea, et al 
2003). . 

Additional roost site characteristics should b . . 
. e investigated, as well ; including, 

distance from entrance, relative humidity or perce 
. nt roost exposure. ln addition 

differences in seasonal range in body temperature f. . . ' 
o md1v1duals within the cave could 

provide better understanding of cave utilization a h 
mong t e local bat population, as well . 

Spatial heterogeneity among the bat population of D b C 
. un ar ave further suggest 

Population patchiness, social behavior, site fidelity and . 
' mat mg preferences. All of these 

may enhance population persistence (Durant 2000) Spatial d. t ·b • . ' · · is n ut1on analysis 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 hibemaculum and a swam1ing 

site. The presence of P. subflavus, M lucifugus, M seplentrionalis and E fuscus wa 

confirmed through capture. Additional species, including M grisescens. were detected 

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

at this site has not increased significantly over the last four years. numbers have remained 

t bl d. · J b d. o data indicate that the s a e. Moreover, mark-recapture and ad 1t10na an 111
0 

· ct · · s seasons and. in some 
in ividuals utilizing Dunbar Cave vary greatly between.year ' 

. . . . . . h t ore than one population 
cases, w1thm the same month. This vanat10n suggeSts t a m 

. t amono these populations. 
tnhabits this cave, and that there is a high level of movemen ° 

. t 
In . . . ulation has been observed returning o 

add1t1on, approximately 10% of the banded pop . 
. . Ily banded as juveniles. This 

Dunba C · d. ·d J were on°ma r ave . Many of these m 1v1 ua s 0 
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. ·inu:itcs that not onl y arc bats dCJ)cnd ing D in~ on unbar C 

. . . . . ave year after year, but that they 
1., , · ·ilso be rccru1t111g other 1nd1 v1duals to ti · . 

11 "· < • 11S Site. 

The spec ies captured at Dunbar Cave 
are, or were at one time, considered 

coJlll170n throughout the region (Briggler & Prather 20 ' 03 , Caceres & Barclay, 2000, 

Frick. et al. 20 10). Within the last six years how h 
' ever, t ese same species have 

experienced immense population declines due to Wh't N 
' 1 e ose Syndrome (Blehart et al. 

2009. Frick, et al. 2010). Myotis septentrionalis is currently being considered for listing 

as a threatened species by United States Fish and Wildlife Serv· (C t !' B' 
1 

. ice en er 1or 10 og1cal 

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 /ucifugus) 

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 

. . . h b d ed this cave or were destroyed. A 
disturbance, however, these populat10ns e1t er a an on 

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

. . . . . d sound created by cave tours and bat 
pos1t1 ve correlation between the mtens1ty of hght an 

In addl
.t1·on, human disturbance, vandalism, and 

~ activity (Mann, et al. 2002). 
. I' tes and are principal factors in 

commercialization of hibemacula, alter cave microc ima ' 
Several bat species depend 

th . . (J hn on et al. 1998). 
c decline of certain bat populations O s ' 
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caves and other underground si tes as a f on reas o refu d . 

ge unng times of vulnerability 

(o ·shea, et al. 2003 ). The preservation and . 
conservation f b 

. o at roosts, especially caves, 
has been recogmzed as the most important iss . b 

ue m at conservation (Sheffield, et al. 

1992). This becomes particularly clear when realizi 
ng that many roosts are traditional 

and hence used by successive generations of bat ' 
s over many years (Sheffield. et al. 

] 992). 

As human populations increase wildlife habitat· d 
' is use or destroyed. Local bat 

populations are not only affected by anthropogenic di sturbance. but al 
O 

face 

complications and potential devastation from White O e )'ndro 8 . me. at pec1e once 

considered common may become threatened or extinct within the near future (Frick. et al. 

20 I 0). Studies on cave-dwelling bat populations indicate that variou pec1c di pl ay 

differing levels of sensi ti vity to the combined damaging effect of climate change and 

anthropogenic di sturbance (Mann, et al. 2002. cheel. et al. 1996). The cave-dwelling 

bat population of Dunbar Cave appears to be recovering from prolonged human 

di sturbance, perhaps due to the eliminati on of cave tour ( ~ann. et al. 200_). In general. 

bats are long- li ved and are not hi ghly fecu nd (Jones. et al. 2009). Therefore. C\'erely 

decimated bat populations may take several years. if not decade • to reco,-er. It is 

• . . . . · t" rned Banding i e pecially imperative that momtonng of these populations 1s con 11 · ~ 

. . . cuti,·e oenerati on of bat at 
important at this site and will assist 111 documentmg conse c 

. II . and consis-tentlv monitored at thi s 
Dunbar Cave. Bat populations should be contmua : · 

• . , t. 11 efforts needed. 
site 111 order to oain insi o ht into future consef\ a 10 

t:, t:, 
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Acoustic Files Recorded Durin2 two Haro T . 
" - rapping Events at DCSNA-2012 OATE 

ANABAT # 80665 (SWAN LAKE) ANABAT # 80685 (CONCESSION 
ST AND/AMPHITHEATER) 

Prominent Bat # Files 
Species Detected # Files 

Prominent Bat Species Detected Eptesicusfi,scus 23 Eptesicus fuse us 10 lasionycteris 
Lasionycteris noel ivagans * 12 noctivagans * 2 Lasiurus borealis 147 Lasiurus borealis 129 May 18, Lasiurus cinereus(2) 25 Lasiurus cinereus 17 2012 Myotis grisescens 13 Myotis grisescens 4 

Myotis septentrionalis 2 Myotis soda/is* 1 
Myotis soda/is* I Nycticeius humeral is* 2 

Nycticeius humeralis* 6 Perimyotis su~flavus 14 
Perimyotis supflavus 30 Unknown 72 

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 

. * 4 2 noct1vagans noctivagans 

Lasiurus borealis 725 Lasiurus borealis 598 

Lasiurus cinereus 8 Lasiurus cinereus(2) 1 

Myotis austroriparius Myo tis auslroriparius I 
636 232 Myotis grisescens 

August 8, Myotis grisescens 
I Myotis leibii 

2012 Myotis luc(fugus 
Myotis lucifugus 1 

I Myotis septentrionalis 
Myotis septentrionalis 1 

I I Myotis soda/is 
Myotis soda/is 9 

10 Nycticeius humeralis l' * 272 Nycticeius humera zs 
265 Perimyotis supflavus . · subfiavus 

161 Penmyofls · 
138 1-----Unknown ~ Unknown 

1681 --~all Files -
I 1413 ~ 

Total Call Files 
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~ cd were detected by Echoclass Acoustic ID p . 
spcctcS S • rogram as the Prominent Bat 
" pec1es per file 

ec ies v,;as assigned a quantitative output indicating 01c b b'l' 
s ach sp . f O 3 0 pro a I 1ty of 

Ce raninng rom -
resen ~ 

~ ::::. highest probability (99%) 

2 :::: 95% 
1:::: 90% 

0 :::: 110 presence . . . . 

Cl
. es listed were assigned a 3 unless otherwise indicated 

All spe 
*:::: no presence . . 

h Anabat® Units were eqmpped with Anabat® green high mount microphones, and 
Bot · · th f . D .. ta 45° angle pomtmg out over e area o interest. ue to the close proximity of 
set up a . 

· verlap in recordmg may have occurred. 
the umts o 
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APPENDIX G 

Seasonal Cave Chamber Selection within Dunbar Cave 

(2011-2012) 
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Distribution of Bats During Autumn Surve s. 
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O\str\but\on of Bats Observed Our\ng w,nter SuNe~s 
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Oistribution ot B~~!9bseNed During Spring SuNe~s 
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APPENDIX H 

Photographs of M yotis lucifugus 
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Figure 16. Three Myotis lucifugus found wi thin the Hallway chamber of 

Dunbar Cave. Note the white powdery substance. rernini cant of Genmyc . 

destruct ans. 

- ht durin2. harp trapping. 
. I ·[i fTIIS cau2. ~ 

Figure 17. An individual Myotis ~C! 110 
· ,· h Geomyces destrucrans. 

. soc1ated v, it 
extensive wina discolorat10n, as 

b 

lote 
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