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PREFACE

In February 2007, the inaugural meeting of the Rafinesque’s
Big-Eared Bat Working Group was held in Destin, FL.

The goal of the working group was to provide a forum for
communication on research, management, and conservation
of Rafinesque’s big-eared bats (Corynorhinus rafinesquii),

a rare and sensitive species. There was consensus among
participants at the meeting that much information remained
to be acquired before effective management of these animals
was possible. It was also evident from the presentations and
discussion that a considerable amount of research had been
conducted on the species, especially over the past several
years, but much of the research has not been published or is
not readily available. Thus, potentially valuable information
remained in filing cabinets and desk drawers and not in the
hands of the people who need it most—the biologists and
managers of State, Federal, and private lands that harbor
these bats, and the State and Federal Agencies responsible
for their conservation. It was also agreed that a similar
situation likely existed for the two other taxa of big-eared
bats in the Eastern United States, the Virginia big-eared bat
(C. t. virginianus) and the Ozark big-eared bat (C. t. ingens),
which are federally listed as endangered. Thus, it was
decided to hold a symposium to encourage researchers

and biologists to present and publish new information on
the biology, ecology, and status of eastern big-eared bats
and to synthesize existing information. A further goal

of this symposium was to stimulate discussion on future
conservation, management, and research needs of these bats.

The symposium, held in Athens, GA, in March 2010,
consisted of 7 invited presentations on general ecological
topics, 15 contributed oral presentations and 3 poster
presentations on more specific research results, and a panel
discussion on future directions in research and management.

Authors were encouraged, but not required, to submit

their contributions for publication in these proceedings.

The symposium was sponsored by Bat Conservation
International; the National Council for Air and Stream
Improvement; the U.S. Forest Service, Savannah River; the
Offield Family Foundation; the Southeastern Bat Diversity
Network; and the University of Georgia, Warnell School of
Forestry and Natural Resources. The planning committee
was chaired by Steven B. Castleberry, University of Georgia.
Other members of the planning committee were Mary Kay
Clark, Moonlight Environmental Consulting; Susan C. Loeb,
U.S. Forest Service, Southern Research Station; Darren A.
Miller, Weyerhaeuser NR Company; and David A. Saugey,
U.S. Forest Service, Ouachita National Forest.

The goal of these proceedings is to provide an easily
accessible publication that can be used by biologists

and managers as they draft management strategies and
policy, and to further the understanding of the ecology of
these species. The papers in this volume were subjected

to the scientific peer-review process. Each manuscript

was assigned to one of the three editors and reviewed by

two professionals familiar with the organisms and topic.
Comments and suggestions by the reviewers improved

the quality of the manuscripts and we are grateful to the
following professionals for their time and expertise: Michael
Baker, Troy Best, Eric Britzke, Timothy Carter, Brian Carver,
Steven Castleberry, Matthew Clement, Chris Comer, Barbara
Douglas, Mark Ford, Shauna Ginger, Joe Johnson, Matina
Kalcounis-Riieppell, Jim Kennedy, Dennis Krusac, Paul
Leberg, Chester Martin, Darren Miller, Joy O’Keefe, Richard
Reynolds, Christopher Rice, Lynn Robbins, Blake Sasse,
David Saugey, Austin Trousdale, Maarten Vonhof, John
Whitaker, and Bently Wigley.






CONSERVATION AND MANAGEMENT OF EASTERN BIG-EARED BATS:
AN INTRODUCTION

Susan C. Loeb, Research Ecologist, U.S. Department of Agriculture Forest Service,
Southern Research Station, Clemson, SC 29634

Michael J. Lacki, Professor, University of Kentucky, Department of Forestry, Lexington, KY 40546

Darren A. Miller, Manager, Weyerhaeuser NR Company, Southern Environmental Research,
Columbus, MS 39704

Abstract—Three taxa of big-eared bats (genus Corynorhinus) inhabit the Eastern United States. Rafinesque’s big-

eared bats (C. rafinesquii) are widely distributed from West Virginia to Texas whereas the Virginia big-eared bat

(C. t. virginianus) and the Ozark big-eared bat (C. t. ingens) have limited ranges. Over the past 20 years, research on the
biology, ecology, and conservation of bats throughout the world has increased, but research on big-eared bats of the Eastern
United States has been less extensive. In evaluating the current state of knowledge, we reviewed the existing literature

on big-eared bats that inhabit the Eastern United States and found 155 references, of which 101 were research notes, full
articles, or review papers. In contrast, we found 239 references on the Indiana bat (Myotis sodalis), an endangered species
with a similar geographic range size in the Eastern United States. Through our assessment of the literature on big-eared
bats, we identified many gaps in our knowledge and understanding, including demography, population dynamics, social
organization, hibernation and other aspects of physiological ecology, foraging behavior and diet, the effects of forest
management, and the effects of conservation efforts. We also found that research on Virginia and Ozark big-eared bats
has decreased in recent years while research on Rafinesque’s big-eared bats has increased. Papers in these proceedings
fill many of the knowledge gaps but much research is still needed to provide managers with the information they need to

conserve these sensitive species.

INTRODUCTION

Big-eared bats (genus Corynorhinus) are some of the

most striking and recognizable bats in the Eastern United
States. They are distinguished from all other bats in the
region by their large ears which are joined at the base,

and by the enlarged glands between their eyes and nostrils
(Whitaker and Hamilton 1998). Rafinesque’s big-eared
bats (C. rafinesquii) have a wide distribution that ranges
from West Virginia to Florida in the east and southern
[llinois to eastern Texas in the west (fig. 1), but they appear
to be sparsely distributed within their range (Whitaker

and Hamilton 1998). Conversely, Virginia (C. townsendii
virginianus) and Ozark big-eared bats (C. t. ingens) have
restricted distributions and are isolated from the rest of

the Townsend’s big-eared bat species complex (Hall 1981;
fig. 1). All of the big-eared bats in the Eastern United States
(hereafter in this paper these bats will be referred to as
eastern big-eared bats) are species of special conservation
concern. The Virginia and Ozark big-eared bats were listed
as endangered in 1979 (U.S. Fish and Wildlife Service
1979) and Rafinesque’s big-eared bats were Candidate 2
Species until 1996 when the U.S. Fish and Wildlife Service
discontinued this list (U.S. Fish and Wildlife Service 1996).

Past and present threats to all these taxa include habitat loss,
disturbance to hibernacula and maternity sites, contaminants,
genetic isolation, and disease (Bayless and others 2011;

Piaggio and others 2009; Szymanski 2009; U.S. Fish and
Wildlife Service 1995, 2008). Urbanization and development
are projected to increase in the coming decades (Alig and
others 2003, 2004) which will result in further habitat loss.
Loss of forested and open areas will impact all taxa but
could be particularly detrimental to Rafinesque’s big-eared
bats, which often use trees for roosting. Further, although
unknown at this time, the effects of white-nose syndrome,

a newly emerging disease that has killed large numbers of
cave-hibernating bats in the Northeastern United States
(Turner and Reeder 2009), could greatly impact Ozark and
Virginia big-eared bats and cave-dwelling Rafinesque’s big-
eared bats.

Research on biology, ecology, and conservation of bats

has increased greatly worldwide in the past two decades
(Arnett 2003). In North America, much of this work has
concentrated on forest-dwelling bats, and many studies
have used acoustic detectors (Brigham 2007). Because
big-eared bats are “whispering bats” and have low-intensity
echolocation calls (Fenton 1982), they are rarely recorded
by ultrasonic detectors deployed to assess composition

of bat communities, their habitat associations, and their
responses to forest management. Due to their rarity and
high maneuverability, big-eared bats are often difficult to
capture, which further limits our ability to conduct research.
Therefore, our objective was to conduct an overview of the
current body of published literature on eastern big-eared bats

Citation for proceedings: Loeb, Susan C.; Lacki, Michael J.; Miller, Darren A., eds. 2011. Conservation and management of eastern big-eared bats:
a symposium. Gen. Tech. Rep. SRS-145. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 157 p.
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Figure 1—Distribution of Virginia big-eared bats (Corynorhinus townsendii virginianus), Ozark big-eared bats (C. townsendii ingens), and

Rafinesque’s big-eared bats (C. rafinesquii).

and present an analysis of the types of information available
by taxa and topic. We then assessed areas that remain in
greatest need of future research and introduce the papers of
this symposium to illustrate how these papers fill some of the
knowledge gaps.

REVIEW OF EXISTING LITERATURE

We searched the BIOSIS and Zoological Record databases
using Corynorhinus and Plecotus as keywords for literature
on eastern big-eared bats. We exported all papers and
abstracts that pertained to eastern big-eared bats to a
citation database (EndNote X3®, Thomson Reuters, New
York, NY). Because BIOSIS and Zoological Records cover
only 1969 to the present, we also examined the literature
cited sections in the Mammalian Species accounts for
Townsend’s big-eared bats (Kunz and Martin 1982) and
Rafinesque’s big-eared bats (Jones 1977). We included
those papers that pertained to eastern big-eared bats,

were in English, and were accessible. We did not include
theses and dissertations in the database because most

have been published and our inclusion would duplicate

the material. We classified each reference by species and
whether the reference was an abstract, research note, full
research article, or review paper. We also determined the

State or States in which the research was conducted. For
comparison, we conducted a similar search of the Indiana
bat (Myotis sodalis) literature in BIOSIS and the Zoological
Record databases and the Mammalian Species account
(Thomson 1982). We chose the Indiana bat for comparison
because it also inhabits the Eastern United States, is an
endangered species, and has a similar geographic range size
to that of eastern big-eared bats.

We found 155 references on eastern big-eared bats.

Of these references, 101 were research notes, full

articles, or review papers (fig. 2). Although most of the
101 published papers on eastern big-eared bats were

in abstracted databases, many of them are not easily
accessible by managers. For example, many of the papers
are in proceedings of State academies of science, are not
available online, and may not even be available at most
university libraries. In contrast, we found 239 references
on Indiana bats; 141 of these references were research
notes or full articles. These numbers do not include the 27
papers in the Indiana Bat symposium proceedings (Kurta
and Kennedy 2002). Thus, even though the distribution of
the Indiana bat is similar in size to that of eastern big-eared
bats, considerably more research has been conducted on
the ecology and management of Indiana bats than eastern
big-eared bats.
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Figure 2—Number of abstracts, full articles, research notes, and review papers on eastern big-eared
bats (BEB) and Indiana bats (MYSO) through 2009 and additional articles as cited in Mammalian

Species accounts.

The larger body of literature on Indiana bats may be due to
many factors. Although Indiana bats and Rafinesque’s big-
eared bats have similar geographic range sizes, Rafinesque’s
big-eared bats are not listed as an endangered species, and
thus there has been less funding directed towards research
and management of Rafinesque’s big-eared bats. Indiana
bats are often found in association with more common
species such as little brown bats (M. lucifugus) and northern
long-eared bats (M. septentrionalis) during summer and
winter. Studies of hibernacula use often focus on multiple
species, including Indiana bats, but big-eared bats are rarely
represented in these studies (e.g., Brack 2007, Davis and
Reite 1967, Gates and others 1984, Raesly and Gates 1987).
In contrast to big-eared bats, Indiana bats can be detected
acoustically and thus are often included in studies that rely
on bat detectors (e.g., Ford and others 2005, Owen and others
2004, Schrimacher and others 2007, Yates and Muzika 2006).
Because management of Indiana bat habitat is frequently in
conflict with forest management and human development
(e.g., Krusac and Mighton 2002, Whitaker and others 2004),
considerable funding and research have been directed toward
the Indiana bat in the past decade to provide the information
necessary to mitigate these conflicts. Conversely, even
though Virginia and Ozark big-eared bats are endangered,
their year-round reliance on caves reduces potential conflicts
with forest managers and other human enterprises other than
caving (but see Miller and others 2011). Because big-eared
bats cannot be reliably detected with ultrasonic detectors,

fewer studies on foraging and commuting habitat use of
big-eared bats have been conducted because the data must be
gained through more costly and labor-intensive techniques,
such as radiotelemetry (e.g., Adam and others 1994, Clark
and others 1993).

Far more abstracts, papers, and notes have been published
on Rafinesque’s big-eared bats than Virginia or Ozark big-
eared bats (fig. 3). The greater number of publications on
Rafinesque’s big-eared bats is not surprising, given the larger
geographic distribution and population sizes of these bats.

A comparable number of studies have been conducted on
Virginia and Ozark big-eared bats. Research on Rafinesque’s
big-eared bats has been relatively evenly distributed across
the range, although Rafinesque’s big-eared bats in some
States have received little research. For example, limited
research has been conducted on Rafinesque’s big-eared

bats in Alabama, Georgia, Tennessee, Virginia, and West
Virginia, whereas several studies have been conducted in
Arkansas, Louisiana, Kentucky, Mississippi, and Texas

(fig. 4A). The number of references (abstracts and published
papers) on Ozark big-eared bats is similar between Arkansas
and Oklahoma, but there are approximately twice as many
published papers on Ozark big-eared bats in Oklahoma

than in Arkansas (fig. 4B). Most research on Virginia big-
eared bats has been conducted in Kentucky, but several
studies have also been conducted in West Virginia and
Virginia (fig. 4C). There has been a considerable increase
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Figure 3—Number of abstracts, full articles, research notes, and review papers through 2009 on
Rafinesque’s big-eared bats (CORA), Ozark big-eared bats (COTOI), Virginia big-eared bats (COTOV),

and > two taxa (Multi).

in the number of studies on Rafinesque’s big-eared bats
over the past decade (fig. 5). In contrast, research on Ozark
and Virginia big-eared bats peaked in the 1990s and has
subsequently declined. The primary research emphasis areas
for Rafinesque’s big-eared bats have been roosting ecology
and studies of distribution and status, whereas research on
Ozark and Virginia big-eared bats has primarily focused

on foraging habitat use and diet along with reports on
distribution and status (fig. 6).

IDENTIFICATION OF KNOWLEDGE GAPS

The preceding examination of existing literature on eastern
big-eared bats identifies several gaps in our knowledge
base. One of the largest gaps concerns population ecology.
There are no studies on demography, population dynamics,
or social organization of any of the eastern big-eared

bats, although recent studies of population genetics have
shed some light on dispersal (Piaggio and others 2009).
Estimating population sizes and demographic parameters
such as reproductive success and survival is difficult for
most bat species, but is easiest for those that use observable
roosts, are colonial, and have relatively small colony sizes
(e.g., < 1,000 individuals; Kunz and others 2009, O’ Donnell
2009). Several demographic studies have recently been
conducted on colonial species that are faithful to artificial
roosts such as big brown bats (Eptesicus fuscus; Ellison and
others 2007), little brown bats (Frick and others 2010), Yuma

bats (M. yumanensis; Frick and others 2007), and Leisler’s
bats (Nyctalus leisleri; Schorcht and others 2009). Because
eastern big-eared bats form small colonies and are often in
easily accessible roost sites, similar demographic studies
may be achievable for big-eared bats as well.

Additional areas in need of research include studies of
foraging habitat use and selection. Although several studies
have been conducted on the foraging behavior and habitat
use of Virginia and Ozark big-eared bats (e.g., Adam and
others 1994, Burford and Lacki 1995, Clark and others 1993,
Wethington and others 1996, Wilhide and others 1998), only
three studies have been conducted on foraging habitat use by
Rafinesque’s big-eared bats (Hurst and Lacki 1999, Medlin
and Risch 2008, Menzel and others 2001). Several studies
have been conducted on food habits of each taxa, but relative
to their large geographic range, fewer have been conducted
on Rafinesque’s big-eared bats. Further, no study has been
conducted on prey availability for Rafinesque’s big-eared
bats, whereas several studies have investigated this aspect

of the feeding ecology of Virginia and Ozark big-eared bats
(Burford and others 1999, Dodd and others 2008, Leslie and
Clark 2002).

Physiological aspects of big-eared bat ecology also have
been ignored. We found no study that examined hibernation
energetics or seasonal patterns of hibernation in eastern
big-eared bats. While other aspects of physiology, such as
the energetics of growth and reproduction, are important,
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Figure 4—Number of abstracts and published papers by State through 2009 on (A) Rafinesque’s
big-eared bats (CORA), (B) Ozark big-eared bats (COTOI), and (C) Virginia big-eared bats (COTOV).
(AL = Alabama, AR = Arkansas, FL = Florida, GA = Georgia, IL = lllinois, IN = Indiana, KY = Kentucky,
LA = Louisiana, MS = Mississippi, NC = North Carolina, SC = South Carolina, TN = Tennessee,

TX = Texas, VA = Virginia, WV = West Virginia, ML = Multi, OK = Oklahoma, PA = Pennsylvania.)
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Figure 5—Number of papers published through 2009 by time period on Rafinesque’s big-eared bats
(CORA), Ozark big-eared bats (COTOI), Virginia big-eared bats (COTOV), and = two taxa (Multi).
(A) Abstracts and published papers and (B) published papers only.

understanding hibernation patterns of cave-roosting big- studies that examined roost use or selection of caves or
eared bats is particularly critical due to the advent of white- mines by big-eared bats. Thus, we know little about basic
nose syndrome and its effects on bats during hibernation characteristics such as temperature, humidity, or structural
(Cryan and others 2010). Understanding hibernation characteristics that make some caves or mines suitable and
energetics (e.g., fat storage, metabolic rates, arousal costs) others unsuitable for use during summer or winter.

will also allow biologists to predict effects of climate change

and suitability of hibernacula under various climate scenarios Effects of management activities on eastern big-eared bats
(e.g., Humphries and others 2002). Further, we found few have also received limited attention. A few papers have been
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Figure 6—Number of papers published through 2009 by topic on Rafinesque’s big-eared bats (CORA),
Ozark big-eared bats (COTOI), Virginia big-eared bats (COTOV), and = two taxa (Multi). (A) Abstracts and

published papers and (B) published papers only.

published on cave gates for Virginia and Ozark big-eared
bats (Martin and others 2000, White and Seginak 1987).
Except for a study that examined effects of prescribed fire on
Ozark big-eared bats (Caviness 2003), no empirical studies
have tested effects of silvicultural practices (e.g., thinning,
clearcut harvest, selective harvest, prescribed fire) for any of
the species, although Adam and others (1994) suggested that
logging may be detrimental to Virginia big-eared bats. Other

management activities that could affect big-eared bats include
wetlands management (e.g., alteration of water flow regimes),
provisioning of artificial roosts, bridge maintenance and
construction, and land use changes in surrounding landscapes.
Although Clark (2003) outlined procedures for monitoring
big-eared bats in bottomland hardwood forests, no study has
tested the effectiveness of various survey and monitoring
techniques for cave- or tree-roosting big-eared bats.



THIS VOLUME

In the previous section, we identified numerous gaps in our
knowledge regarding ecology and management of eastern
big-eared bats. Areas in need of research range from basic
biology and ecology to methodology and management
effects. In this section, we discuss how these information
gaps are partially filled by papers in these proceedings.

The four succeeding papers summarize and synthesize
existing knowledge on various aspects of big-eared bat
ecology and conservation. These papers provide the first step
in understanding the biology and ecology of these animals
and are an entry into the published literature and reports

for researchers, biologists, managers, and policymakers
unfamiliar with big-eared bats. The first of these papers by
Bayless and others provides an extensive overview of the
status and distribution of eastern big-eared bats. Status and
distribution data are essential for development of effective
conservation strategies, and the authors provide a thorough
summary of the historic and current distributions of all

three taxa, estimates of current population numbers, and a
discussion of population trends. Specific threats for each taxa
are also discussed.

Roosts are one of the most critical resources for bats
and understanding roost site use, selection, and fidelity
are essential for effective conservation and management
(Barclay and Kurta 2007, Kunz and Lumsden 2003).
Roosting ecology is one of the most studied aspects

of Rafinesque’s big-eared bats (fig. 6), and in the next
paper, Trousdale synthesizes this research. In addition to
summarizing what is known about roost use and selection
at various spatial scales, Trousdale also discusses roost
fidelity and intraspecific and interspecific interactions of
tree-roosting Rafinesque’s big-eared bats.

There have been several food habit studies of eastern big-
eared bats, yet we know little about the interactions between
big-eared bats and their prey. Lacki and Dodd provide an
extensive summary of the food habit studies of eastern
big-eared bats and show that moths are the main component
of the diet of all three taxa. The authors also show how
these species have evolved a variety of morphological and
behavioral adaptations that increase their success as moth
predators. Lacki and Dodd also examine habitat use of big-
eared bats in relation to habitat use of their moth prey.

The final synthesis paper provides a context for future
conservation and management of eastern big-eared bats.

In addition to reviewing past conservation efforts, Miller
and others examine current forest conditions in the South
and how changes in forest conditions may impact big-eared
bats. They also discuss challenges faced by managers of
big-eared bats, identify research that is needed to provide

the necessary information for effective management, and
suggest some important management actions to conserve
these animals.

The final nine papers of the proceedings provide new data
on ecology and conservation of eastern big-eared bats. One
of the first obstacles to managing big-eared bats is lack of
information on the status and distribution of these species.
Although Bayless and others provide a general overview

of the status of big-eared bats across their range, specific
information on status and distribution of big-eared bats is
needed for effective management at the local level. Martin
and others provide a detailed update on the status and
distribution of Rafinesque’s big-eared bats in Mississippi,
while Stihler reviews the status of Virginia big-eared bats
based on 27 years of cave monitoring in West Virginia and
documents an overall increase in the number of Virginia
big-eared bats in West Virginia. Genetic tools can also be
used to help understand the status of eastern big-eared

bats; such tools include taxonomic status, genetic “health”
such as inbreeding depression, and effective population

size. Piaggio and others provide evidence to suggest that

the previously named subspecies of Rafinesque’s big-eared
bats are probably not valid, although there are two major
clades within the species. They also analyzed mitochondrial
and microsatellite DNA of Rafinesque’s big-eared bats

from five roosts in Arkansas to determine genetic diversity,
connectivity, and effective population size and illustrate the
conservation consequences of these genetic data. Because of
the dispersed nature of Rafinesque’s big-eared bats, much of
the information on their status and distribution is unreliable
(Bayless and other 2011). Gaining this information will
require new tools and techniques for inventorying and
monitoring this species, especially those that rely on trees
for roosting. Clement and Castleberry tested three techniques
for inventorying Rafinesque’s big-eared bats in Coastal Plain
forests and compare their cost-effectiveness.

Other than studies of hibernation, most bat research has been
conducted during the summer reproductive period, and little
is known about the ecology of bats during spring, fall, and
winter (Weller and others 2009). Two papers address this gap
for Rafinesque’s big-eared bats. Sasse and others describe
winter roosting ecology of Rafinesque’s big-eared bats in
Arkansas, and Loeb and Zarnoch examine year-round roost
use by Rafinesque’s big-eared bats in the Coastal Plain of
South Carolina. Although Rafinesque’s big-eared bat summer
roost use in bottomland hardwood forests has received
considerable study (Trousdale 2011), there is still much to be
learned about the roosting ecology of this species and how

it varies across the range. Summer roost characteristics of
Rafinesque’s big-eared bats are described for two geographic
areas that have received little attention. Roby and others
describe roost characteristics of Rafinesque’s big-eared bats
in the Coastal Plain of North Carolina, and Johnson and



Lacki describe summer roost characteristics of Rafinesque’s
big-eared bats in floodplain forests of Kentucky.

Information on big-eared bat foraging habitat is critical

for managing landscapes surrounding roosts. As discussed
previously, use of radiotelemetry is essential for obtaining
data on foraging habitat use of big-eared bats and few data
are available, particularly for Rafinesque’s big-eared bats.
The paper by Johnson and Lacki, who address foraging
behavior of Rafinesque’s big-eared bats in western Kentucky,
helps to fill this gap, while Stihler provides further data on
habitat use of Virginia big-eared bats in West Virginia.

CONCLUSIONS

Basic information on biology and management of big-eared
bats in the Eastern United States is available but many gaps
remain in our understanding of big-eared bat ecology and
management. Papers in these proceedings fill some of the
knowledge gaps but also point out many areas where our
knowledge and understanding are lacking. While much of the
needed information has direct application for conservation and
management, we also lack basic ecological data. Although it
is important to focus on immediate management needs, it is
also essential to anticipate future threats and amass a body

of knowledge and understanding that will permit managers

to deal with these future threats. In addition to focusing on
the basic life requisites of big-eared bats (e.g., roosting and
foraging ecology), research also must target an understanding
of the entire ecological context in which these animals exist,
including interactions with conspecifics, other bat species,
insect communities, predators and parasites, and other
organisms in the ecosystems they inhabit (e.g., the fauna and
flora that inhabit the caves, mines, and hollow trees in which
these animals roost). This is a difficult task in research on any
species, but perhaps more so in research on the particularly
cryptic eastern big-eared bat species. We hope that current and
future technology, coupled with interest from stakeholders,
will provide the necessary resources to address issues relative
to long-term conservation of these unique bat species.
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Abstract—Recent information describing distribution and status of Rafinesque’s big-eared bat (Corynorhinus rafinesquii)
and Townsend’s big-eared bat (C. townsendii) in the Eastern United States is currently scattered among the scientific and
gray literature. Therefore, our objective was to collate available information to better enable managers and researchers

to use known distribution and population data relative to conservation for these species. The two eastern subspecies of

C. townsendii [Ozark big-eared bat (C. t. ingens) and Virginia big-eared bat (C. t. virginianus)] have been listed as federally
endangered since 1979, and recent 5-year reviews recommend retaining their endangered status because recovery criteria
have not been met. These species remain vulnerable due to existence of only small, widely separated remnant populations.
Surveys to locate additional sites for these endangered taxa are warranted, although locating new colonies is unlikely to
change their status. Rafinesque’s big-eared bat is listed as a species of concern throughout its range although exact status
remains undetermined largely due to challenges of assessing population trends for this species. Historical loss of mature,
bottomland hardwood forests, assumed to represent a loss of natural roosting structure, suggests population declines.
Recent research has improved distributional data for this species, including recognition of a distributional gap in the
Piedmont region separating Coastal Plain and karst populations. Improved methods for population estimation are needed,
although the means of establishing a baseline for monitoring population trends over time remains unclear. In parts of the
range where Rafinesque’s big-eared bat primarily uses tree cavities, it may be possible to use structure-based monitoring to
provide an index of abundance in a given area. More traditional methods of monitoring population size in caves and mines
may be usable in areas where significant hibernation and maternity colonies occupy these structures. Consistent monitoring
requires funding that is often lacking for this species. While distribution and abundance are reasonably well documented
for the two subspecies of C. townsendii, additional work to fill-in distribution gaps and assess population status is needed

for C. rafinesquii. In the interim, conservation of natural and manmade roosts appears to be a critical need.

INTRODUCTION

Bats of the genus Corynorhinus are among the most
distinctive in North America, easily recognizable by large
glandular masses on their muzzle and enormous ears which
extend about one-third of the total body length of the bat.
The genus appears throughout the Southeastern and Western
United States, southwestern Canada, and northern and central
Mexico (Jones 1977, Kunz and Martin 1982). Corynorhinus
species are gregarious, typically roosting in caves, mines,
hollow trees, buildings, and under bridges (Jones 1977, Kunz
and Martin 1982, Miller and others 2011, Trousdale 2011).
Their exotic appearance has historically made them targets
of both collection and intensive observation (U.S. Fish and
Wildlife Service 1984).

There are three Corynorhinus species, two of which
occur in the Eastern United States: Rafinesque’s big-
eared bat (C. rafinesquii) and Townsend’s big-eared bat
(C. townsendii). Both Eastern United States species are

considered to be relatively uncommon and are vulnerable
due to their apparent low tolerance to disturbance, habit

of roosting near cave entrances (increases potential for
disturbance), low population numbers, disjunct populations,
and roost loss (Hahn 1908, Handley 1959, Harvey and others
1999, Hurst and Lacki 1999, Mohr 1933, Miller and others
2011, Piaggio and others 2011).

Eastern populations of Townsend’s big-eared bat are limited
to small ranges occupied by two endangered subspecies:
Ozark big-eared bat (C. 1. ingens) and Virginia big-eared
bat (C. t. virginianus) as described by Handley (1959) in a
revision of the genera Euderma and Plecotus (Corynorhinus
was formerly Plecotus). Although Rafinesque’s big-

eared bats are more widely distributed, their range is

not well documented. The distribution map published in
Handley’s 1959 revision became the baseline map for future
publications on the U.S. big-eared bats, and later maps for
the eastern taxa (e.g., Barbour and Davis 1969, Whitaker
and Hamilton 1998) show little change from the original

Citation for proceedings: Loeb, Susan C.; Lacki, Michael J.; Miller, Darren A., eds. 2011. Conservation and management of eastern big-eared bats:
a symposium. Gen. Tech. Rep. SRS-145. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 157 p.
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map, with the singular change being that the more recent
maps include the few findings of new sites for the Ozark
and Virginia big-eared bats (U.S. Fish and Wildlife Service
2008a, 2008b).

The endangered status determination of the two Townsend’s
big-eared bat taxa was based on the small population sizes
and disjunct populations (U.S. Fish and Wildlife Service
2008a, 2008b). Both taxa were among the first to be listed
under the Endangered Species Act (1979). However, the
status of Rafinesque’s big-eared bat has always been in
question with many authors over time suggesting that it is
rare. For example, Barbour and Davis (1969) state that is
not well known and “It is nowhere abundant, but is readily
available for study at many localities.” Thirty years later,
Harvey and others (1999) stated similarly that this species is
one of the least known of all bats in the Eastern United States
and that it is uncommon throughout its range.

Previous investigations of Ozark and Virginia big-eared

bats were initiated by researchers per requirements of

the Endangered Species Act and continue to yield new
information on population trends for those taxa (U.S. Fish
and Wildlife Service 2008a, 2008b). Additionally, in the
past 10 to 15 years, there has been a rise in the number

of investigations on Rafinesque’s big-eared bat (e.g., this
symposium; Bennett and others 2008, Hurst and Lacki
1999, Lacki 2000, Trousdale and Beckett 2004). The result
should be that for all the eastern Corynorhinus there is more
data for conservation and management planning. However,
much of the current distribution and status information for
the eastern Corynorhinus, in particular for Rafinesque’s
big-eared bat, is found in unpublished literature (e.g.,

Clark 1999, Clark and DeTour 1995, Clark and Williams
1993, Harvey 1999, Horner and Maxey 2007; see also
Martin and others 2011) and is not readily available. As
such, land managers, conservationists, and others have
difficulty finding basic information that can assist them with
much needed investigations. To that end, our objectives
were: (1) to provide a more current distribution map for
eastern Corynorhinus; (2) summarize what is known about
distribution, status, and population trends; and (3) identify
gaps and areas where future work on eastern Corynorhinus
can better guide investigations of the distribution, status, and
population trends of these species.

METHODS

We reviewed published and unpublished literature on status
and distribution of eastern Corynorhinus taxa and consulted
experts on these species for additional information. Material
presented for both the Ozark big-eared bat and the Virginia
big-eared bat was primarily derived from U.S. Fish and
Wildlife Service reports including recovery plans, 5-year

14

reviews, and unpublished monitoring data (U.S. Fish and
Wildlife Service 1984, 1995, 2008a, 2008b). Much of the
Rafinesque’s big-eared bat distribution and status data were
obtained through a partnership begun in 2008 to create a
conservation strategy for Rafinesque’s big-eared bat and the
southeastern bat (Myotis austroriparius). To derive the most
current information on distribution for these two species, a
2-year data-gathering period was established in which data
were compiled from State natural heritage agencies and other
sources. Additionally, local experts were involved in two
multiday workshops (Raleigh, NC, September 24-25, 2008;
Nashville, TN, March 31 to April 1, 2009) to gather expert
opinion. This multipartner conservation project will result in
a white-paper working strategy (currently being drafted by
Bayless and others) through cooperative agreements with Bat
Conservation International (Bat Conservation International,
P.O. Box 162603, Austin, TX 78716). The data-gathering
effort was supported in part by the National Fish and Wildlife
Foundation (Protecting America’s Bats—III project no.
2008-0094-000; Bayless and Clark 2009).

DISTRIBUTION

Ozark Big-Eared Bat

The Ozark big-eared bat is endemic to the Ozark Highlands
and Boston Mountains ecoregions (Omernik 1987) where it
occurs in oak-hickory (Quercus spp.-Carya spp.) hardwood
forests (Clark 1991, Leslie and Clark 2002, U.S. Fish and
Wildlife Service 1995). At the time of listing, the Ozark big-
eared bat was known from only a few caves in northwestern
Arkansas, southwestern Missouri, and northeastern
Oklahoma. Since listing, additional caves used by maternity
colonies in the summer and as hibernacula have been
discovered in Oklahoma and Arkansas (Miller and others
2011, U.S. Fish and Wildlife Service 2008a). However, the
bats have abandoned other caves including all known sites in
Missouri and are, therefore, considered extirpated from that
State (U.S. Fish and Wildlife Service 2008a; but see Elliot
and others 1999). Consequently, the current range of the
Ozark big-eared bat is limited to northeastern Oklahoma and
northwestern and northcentral Arkansas.

In Oklahoma, Ozark big-eared bats currently are known to
occur in Adair, Cherokee, and Sequoyah Counties. They
were historically known from two caves in Delaware County,
but have not been observed there recently. Twelve caves
considered essential (defined in the recovery plan as caves
that are necessary for the bat’s continued existence because
they are used as maternity sites and/or hibernacula; U.S.
Fish and Wildlife Service 1995) for the continued existence
of the Ozark big-eared bat occur in Oklahoma. In Arkansas,
the Ozark big-eared bat is known to occur in Crawford,
Marion, Searcy, Washington, and Franklin Counties. Seven



essential caves occur in Arkansas. In addition to known sites,
this species may potentially occur in additional Arkansas
counties (Baxter, Benton, Boone, Carroll, Logan, Newton,
Johnson, Madison, and Pope) based on evidence of probable
use (neatly clipped moth wings and guano characteristic of
this species feeding behavior), proximity to known range,
and presence of suitable roosting and foraging habitat (U.S.
Fish and Wildlife Service 2008a). Recent surveys have
documented possible evidence of this species in Stone and
Barry Counties in Missouri (Elliott and others 1999).

Virginia Big-Eared Bat

Virginia big-eared bats roost in a wide range of caves,

rock shelters, and other karst features year round and are
typically located in karst regions dominated by oak-hickory
or beech-maple-hemlock (Fagus spp.-Acer spp.-Tsuga spp.)
associations (Barbour and Davis 1969, Lacki and others
1993). At the time of listing (1979), the Virginia big-eared
bat was documented from Jackson, Lee, Powell, and Rowan
Counties, KY; Tazewell County, VA; and Pendleton, Grant,
Randolph, Hardy, Tucker, and Preston Counties, WV (U.S.
Fish and Wildlife Service 1984)." Currently, the population
is documented from four States: Kentucky, North Carolina,
Virginia, and West Virginia (fig. 1). Virginia big-eared bats
are known to have significant active colony sites in Lee
County, KY; Avery County, NC; Tazewell and Highland
Counties, VA; and Pendleton, Grant, Tucker, and Fayette
Counties, WV, with occasional or low-level use of sites in
West Virginia (Hardy and Randolph Counties), Virginia
(Bath, Bland, Highland, Rockingham, and Shenandoah
Counties) and Kentucky (Bath, Estill, Jackson, Menifee,
Morgan, Powell, Rockcastle, Rowan, and Wolfe Counties)
(U.S. Fish and Wildlife Service 2008b, see footnote 1).

A review of several theories regarding the break in
distribution of Townsend’s big-eared bats and emergence of
the Virginia subspecies was discussed in the recovery plan
(U.S. Fish and Wildlife Service 1984: appendix 2). Recent
phylogenetic investigations (Piaggio and others 2009b) have

found divergence from Handley’s (1959) original description.

The apparent loss of connectivity among populations within
this range has resulted in four genetically unique populations
that should be considered distinct evolutionary units:
Pendleton and Grant Counties, WV, and Highland County,
VA; Fayette County, WV; Tazewell County, VA; and Lee,

Estill, and Jackson Counties, KY (Piaggio and others 2009b).

! Personal communication. 2010. Traci Hemberger, Wildlife Biologist,
Kentucky Department of Fish and Wildlife Resources, #1 Sportsman’s
Lane, Frankfort, KY 40601. Personal communication. 2010. Rick Reynolds,
Wildlife Biologist, Virginia Department of Game and Inland Fisheries,
4010 West Broad Street, Richmond, VA 23230. Personal communication.
2010. Craig Stihler, Wildlife Biologist, West Virginia Division of Natural
Resources, 324 Fourth Avenue, South Charleston, WV 25303.

Rafinesque’s Big-Eared Bat

Rafinesque’s big-eared bats are found sporadically
throughout much of the Southeastern United States.
Historically, populations occurred from eastern Texas to
southern Missouri in the western part of its range, north

to southern Illinois, Indiana, and Ohio, eastward to West
Virginia and Virginia, then south along the coast through
central Florida (Harvey and others 1999, Jones 1977).
Harvey and Saugey (2001) defined the species’ distribution
as including portions of all Southern States, except
northwestern Arkansas and northern Virginia. Although they
continue to be widespread in the Eastern United States, and
are still found throughout most of their historic range, they
are now apparently absent from Ohio, Indiana, and eastern
linois (fig. 1). The reasons for their absence along the
northern edge of the range are unclear.

Most authors illustrate distribution of Rafinesque’s big-eared
bat as continuous across the Southeastern United States (e.g.,
Whitaker and Hamilton 1998), but careful plotting of records
indicates that this bat has a somewhat sporadic distribution
(fig. 1; Bayless and Clark 2009). Absence of records from
the Piedmont region (fig. 1) of the Southern States suggest
that the bats may not be found there, although this could be
an artifact of sampling as most studies have been conducted
in mountain (Hurst and Lacki 1999, Lacki and LaDeur 2001)
and Coastal Plain regions (e.g., Carver and Ashley 2008,
Clark 1990, Gooding and Langford 2004, Mirowsky and
others 2004; also see Trousdale and 2011 for a summary).
Further surveys may provide additional information to clarify
this apparent gap in distribution. For example, systematic
surveys of bridges in South Carolina documented most roosts
(94.7 percent) in the upper and lower Coastal Plains of that
State, but did identify 5.3 percent of roosts in the Piedmont
(Bennett and others 2008).

Rafinesque’s big-eared bat has demonstrated preferences for
specific features (e.g., Carver and Ashley 2008, Gooding and
Langford 2004, Hurst and Lacki 1999, Trousdale 2011) that
do not occur evenly across the landscape, which may account
for its sporadic distribution. Mountain regions contain karst
features such as rock shelters and caves that are used for
hibernation and maternity sites. Barbour and Davis (1969)
described this species as a bat of the southeastern forests and
subsequent field work has demonstrated a strong affiliation
for both age class (Carver and Ashley 2008, Gooding and
Langford 2004, Trousdale and Beckett 2005) and tree species
that hollow readily (Stevenson 2008). Coastal Plain forests
of the Eastern United States include mature forests that are
preferred by this species (Trousdale 2011). In particular,
mature cypress-gum swamp forests (Taxodium spp-Nyssa
spp-) have been found to provide both roosting and foraging
habitat (Clark 2003, Gooding and Langford 2004, Trousdale
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Figure 1—Geographic range of Corynorhinus rafinesquii, C. townsendii ingens, and C. townsendii virginianus in the Eastern
United States. Black stars indicate occurrence records outside the contiguous range of C. rafinesquii.

2011). This bottomland forest type is restricted to certain
hydrologic conditions where it develops adjacent to slow-
moving river systems (Conner and others 1981, Faulkner
and others 2009). In surveys conducted in high-quality
bottomland tracts in North Carolina (Roanoke River
bottomlands) and South Carolina (Francis Beidler Forest),
Rafinesque’s big-eared bats were captured more frequently
than other species (Clark 1999, Clark and Black 1997).
Menzel and others (2001) have also radio tracked male
Rafinesque’s big-eared bat foraging over young pine (Pinus
spp.) forests where the roost site was in a building near
bottomland forest. Although many of the records used for
creating the updated distribution map for Rafinesque’s big-
eared bat (fig. 1; Bayless and Clark 1990) were based on the
recent studies in bottomland hardwood forests, Rafinesque’s
big-eared bat is known to use a variety of manmade roost
sites that occur in other forest types (Martin and others
2011). Therefore, more roosting and foraging studies are
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needed in other forest types to clarify habitat relationships
for this species.

POPULATION DATA

Ozark Big-Eared Bat

At time of listing, the entire population of Ozark big-eared
bats was estimated to consist of about 100 to 200 individuals
(U.S. Fish and Wildlife Service 1984). Since listing, Ozark
big-eared bat populations at essential hibernacula and
maternity sites have been monitored using minimal census
techniques at each essential site to obtain estimates on
colony size and population trends (Harvey and others 2006,
Puckette 2009). Monitoring data have revealed a disparity
between summer and winter population estimates with
numbers of Ozark big-eared bats estimated from summer



maternity counts being larger than those found during winter
hibernacula counts. For example, during the last year in which
a representative count of both Ozark big-eared bat hibernacula
and maternity sites occurred (2003), 701 bats were counted at
hibernacula while maternity counts resulted in an estimate of
about 1,600 bats (U.S. Fish and Wildlife Service 2008a). This
indicates there are likely major hibernacula that have not yet
been located. Population estimates and trends are, therefore,
based on maternity colony counts. The population is estimated
to currently consist of about 1,600 to 1,800 individual bats
with about 400 to 600 in Arkansas and 1,200 to 1,400 in
Oklahoma.” Recent population trend analyses were recently
published for all known essential sites, and pooled. Results
indicate an increasing population trend for seven colonies and
a declining trend for three colonies, while the count data for
four colonies were too variable to detect any trend (Graening
and others 2011).

Virginia Big-Eared Bat

When the recovery plan was drafted, the known population
of Virginia big-eared bats within maternity colonies was
approximately 3,600 and the known hibernating population
was approximately 2,585 (U.S. Fish and Wildlife Service
2008Db). Since listing, all States within the range of the
Virginia big-eared bat have implemented a periodic
monitoring program at both hibernacula and maternity

sites, but a standardized survey protocol has not been
formalized (U.S. Fish and Wildlife Service 2008b). Estimates
derived during 2009 hibernacula surveys approximate the
Virginia big-eared bat population at 15,000 individuals;
approximately 12,000 of these bats hibernate in West
Virginia (U.S. Fish and Wildlife Service 2009). Summer
estimates at rangewide maternity colonies the same year
accounted for 8,400 individuals.® Thirteen caves support
hibernating colonies of > 20 Virginia big-eared bats, and
only 8 of these contain over 100 hibernating individuals.
Maternity sites are limited to 17 caves and 6 other caves
support summer bachelor colonies with > 20 individuals.
The U.S. Fish and Wildlife Service determined in their
5-year review that although there have been fluctuations and
population declines within individual caves, the rangewide
population within both hibernacula and maternity colonies
has increased since the time of listing (U.S. Fish and Wildlife
Service 2008b). They further note that the documented range
of the species has expanded with discovery of additional
occupied caves, including one significant hibernaculum in
Avery County, NC (Clark and Lee 1987).

2 Personal communication. 2010. Richard C. Stark, Fish and Wildlife
Biologist, U.S. Fish and Wildlife Service, Oklahoma Ecological Services
Field Office, 9014 East 21st Street, Tulsa, OK 74129.

? Personal communication. 2010. Barbara S. Douglas, Senior Endangered
Species Biologist, U.S. Fish and Wildlife Service, West Virginia Field
Office, 694 Beverly Pike, Elkins, WV 26241.

Rafinesque’s Big-Eared Bat

A minimum of 1,138 known roost sites for Rafinesque’s
big-eared bats were recorded during a data compilation
effort in 2008 and 2009 spanning a time period from 1864
to 2009 (Bayless and Clark 2009). Some detailed data

exist for the largest populations of bats in karst areas,

but limited survey data are available for the remaining
colonies which occur throughout the Southeastern United
States in groups typically ranging from 1 to 50 individuals
throughout the year, with several larger maternity colonies
numbering around 100 adults (Bayless and Clark 2009). The
largest colonies of Rafinesque’s big-eared bats have been
documented in Kentucky, North Carolina, and Tennessee
where roughly 4,100 hibernate in 10 significant hibernacula
in the Appalachian Mountains and central plateaus. Recent
hibernation surveys for these 10 sites reported the following
colony size estimates: 2 abandoned mines in Great Smoky
Mountains National Park, NC (1,294 bats4); 2 sandstone rock
shelters in Daniel Boone National Forest, KY (607 batss);

4 caves in Mammoth Cave National Park (1,345 bats6);

and 2 privately owned caves in Kentucky and Tennessee
(935 bats’). Mammoth Cave National Park has documented
13 maternity colonies which contain roughly 700 to 800
Rafinesque’s big-eared bats (see footnote 6). Burghardt
(2003) reported that one maternity chamber at the Eagle
Creek Copper Mine in the Great Smoky Mountains National
Park, NC, undoubtedly hosted many more bats at one time
than known to inhabit the site, as attested by numerous guano
piles up to 0.6 m in height.

Information on population trends is generally lacking for
Rafinesque’s big-eared bat for a number of reasons. First,
methods of acquiring population trend data for Ozark and
Virginia big-eared bats do not apply to Rafinesque’s big-
eared bat over most of its range. Most data used for colonial
bat population monitoring are obtained at cave and mine
roosts where significant numbers of bats are predictably
roosting for the hibernation or maternity season. A few cave
and mine roosts with significant colonies have been regularly
monitored in Kentucky, Tennessee, and North Carolina,

but for the most part no regular monitoring is in place for

4 Personal communication. 2010. Dan Nolfi, Biological Science Technician,
Resource Management and Science, Great Smoky Mountains National Park,
107 Park Headquarters Road, Gatlinburg, TN 37738.

3 Personal communication. 2010. Brooke Slack, Bat Ecologist, Kentucky
Department of Fish and Wildlife Resources, #1 Sportsman’s Lane,
Frankfort, KY 40601.

® Personal communication. 2010. Steven C. Thomas, National Park Service
Monitoring Program Leader, Cumberland Piedmont Network, P.O. Box 8,
Mammoth Cave, KY 42259.

7 Personal communication. 2010. Jim Kennedy, Conservation Specialist, Bat
Conservation International, P.O. Box 162603, Austin, TX 78716; Personal
communication. 2010. Dan Nolfi, Resource Management and Science, Great
Smoky Mountains National Park, 107 Park Headquarters Road, Gatlinburg,
TN 37738.
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Rafinesque’s big-eared bats. Agencies generally prioritize
listed species, thus financial and other resources are often
lacking for baseline survey and monitoring activities for non-
federally protected species.

Second, much of the range of Rafinesque’s big-eared bat

is devoid of karst features; in these areas bats roost in tree
hollows and manmade structures (Bennett and others 2008,
Mirowsky and others 2004, Trousdale 2011). These sites
present special challenges for monitoring. In bottomland
hardwood forests, Rafinesque’s big-eared bats often switch
roost trees (Carver and Ashley 2008, Clark 2003, Gooding
and Langford 2004, Rice 2009, Stevenson 2008) making it
difficult to know which tree to monitor. Lastly, due to cavity
configuration and other logistics associated with tree roosts,
it is difficult to observe and count bats entering and exiting
these types of roosts, particularly during winter months (Rice
2009). Additionally, mark-recapture models for estimating
populations are not generally used for bats due to the low
recapture rates of banded bats (O’Shea and Bogan 2003).

STATUS

Ozark Big-Eared Bat

Although the Townsend’s big-eared bat has been listed as

a species of least concern (LC) by the World Conservation
Union’s 2004 TUCN Red List of Threatened Species
(International Union for Conservation 2010), the Ozark
subspecies is ranked as a critically imperiled subspecies

by NatureServe (2008) and is either extirpated or critically
imperiled in every State where it occurs (tables 1 and 2).
The Ozark big-eared bat was federally listed as endangered

on November 30, 1979, due to its small population size,
reduced and limited distribution, and vulnerability to
human disturbance (U.S. Fish and Wildlife Service 1984).
The original U.S. Fish and Wildlife Service recovery plan
was approved in 1984 and included both federally listed
subspecies of Corynorhinus townsendii (Ozark big-eared
bat and Virginia big-eared bat). In 1995, a revised recovery
plan was developed to update the information and recovery
tasks specifically for Ozark big-eared bats. In this plan, both
downlisting (to threatened status) and delisting criteria were
outlined (U.S. Fish and Wildlife Service 1995). Habitat
loss, disturbance, predation, and pollutants are among

the identified threats in the recovery plan (U.S. Fish and
Wildlife Service 2008b). Although significant recovery
accomplishments have occurred over the 32 years since
listing, vulnerability of Ozark big-eared bats to extinction
remains high due to the same factors that justified its
designation. During the recent 5-year review on the current
status of the Ozark big-eared bat, the U.S. Fish and Wildlife
Service (2008a) determined that neither the downlisting

nor delisting criteria identified in the current recovery plan
(U.S. Fish and Wildlife Service 1995) had been met, and
that the Federal endangered status of the species was still
valid because significant threats to this species persist. For
example, although additional essential caves have been
discovered and protected since the time of listing, not all
known caves have been afforded some form of protection,
e.g., a cave gate/grill, signs, fee-title purchase, conservation
easement. In addition to the threats that justified the original
listing designation, vandalism, human population growth,
climate change, and white-nose syndrome have been
identified as factors that may impact the future status of
Ozark big-eared bat populations (Bogan 2003, Leslie and
Clark 2002, Wethington and others 1996; see footnote 2).

Table 1—State-level natural heritage rankings for eastern Corynorhinus are listed for the 18 Eastern States in which one

or more Corynorhinus taxa occur®

Corynorhinus taxa AL AR FL GA IL IN KY LA MS MO NC OH OK SC TN TX VA WV

C. townsendii - 81 - - - - = — - X - - 81 - - - - —
ingens

C. townsendii - - - - — — &1 — - - 81 - - - - — 81 82
virginianus

C. rafinesquii S2 S3 S2 S3? S1 SH S3 S8/S4 S2 SU S3 SH S1 82?2 S3 S3 S22 St

— = not applicable.

AL = Alabama; AR = Arkansas; FL = Florida; GA = Georgia; IL = lllinois; IN = Indiana; KY = Kentucky; LA = Louisiana; MS = Mississippi;
MO = Missouri; NC = North Carolina; OH = Ohio; OK = Oklahoma; SC = South Carolina; TN = Tennessee; TX = Texas; VA = Virginia; WV = West

Virginia.

2The conservation status of a species or ecosystem is designated by a number from 1 to 5, preceded by a letter reflecting the appropriate
geographic scale of the assessment (S = subnational). The numbers have the following meaning: 1 = critically imperiled; 2 = imperiled;
3 = vulnerable; 4 = apparently secure; 5 = secure; X = presumed extinct or extirpated; H = possibly extinct or extirpated; U = unrankable;

? = inexact numeric rank.

Source: NatureServe (2008).
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Table 2—Designations from Comprehensive Wildlife Conservation Strategies prepared by State wildlife agencies are
shown for eastern Corynorhinus that occur in 18 Eastern States; designation terminology is not consistent among
States, making it difficult to compare status between States?

State C. townsendii ingens C. townsendii virginianus C. rafinesquii
Alabama — — Species of greatest conservation
need; highest conservation
concern; P1
Arkansas Species of greatest conservation — Species of greatest conservation
need; critically imperiled; S1; need; imperiled; S2
endangered
Florida — — Species of greatest conservation need
Georgia — — Species of greatest conservation
need; high priority species; rare
lllinois — — Species of greatest conservation
need; endangered
Indiana — — Species of greatest conservation
need; special concern
Kentucky — Species of greatest conservation Species of greatest conservation
need; critically imperiled/stable; need; vulnerable/stable; S3
S1; endangered
Louisiana — — Not listed
Mississippi — — Species of greatest conservation
need; needs timely conservation
action; tier 2
Missouri Extirpated/endangered — Not listed
North Carolina — Priority wildlife species; Priority wildlife species; threatened
endangered
Ohio — — Species of greatest conservation
need; species of concern
Oklahoma Species of greatest conservation — Species of greatest conservation

South Carolina

need; tier 1; endangered

need; tier 2; special concern
Priority species; high; endangered

Tennessee — Species of greatest conservation Species of greatest conservation
need; potentially occurring; SP need; rare and uncommon; S3;
special concern (deemed in need of
management)
Texas — — Priority species; threatened
Virginia — Species of greatest conservation Species of greatest conservation
need; tier 2; endangered need; tier 1; endangered
West Virginia — Species of greatest conservation Species of greatest conservation

need; S2; endangered

need; S1

— = not applicable.

@ The conservation status of a species or ecosystem is designated by a number from 1 to 5, preceded by a letter reflecting the appropriate
geographic scale of the assessment (S = subnational). The numbers have the following meaning: 1 = critically imperiled; 2 = imperiled;
3 = vulnerable; 5 = secure; X = presumed extinct or extirpated; H = possibly extinct or extirpated; U = unrankable; ? = inexact numeric rank.

Source: Alabama Department of Conservation and Natural Resources (2005); Anderson (2006); D.J. Case & Associates (2005); Florida Fish and
Wildlife Conservation Commission (2005); Georgia Department of Natural Resources (2005); lllinois Department of Natural Resources (2005);
Kentucky’s Comprehensive Wildlife Conservation Strategy (2010); Lester and others (2005); Mississippi Museum of Natural Science (2005);
Missouri Department of Conservation (2005); North Carolina Wildlife Resources Commission (2005); Ohio Department of Natural Resources,
Division of Wildlife (2005); Oklahoma Department of Wildlife Conservation (2005); South Carolina Department of Natural Resources (2005);

Tennessee Wildlife Resources Agency (2005); Texas Parks and Wildlife Department (2005); Virginia Department of Game and Inland Fisheries
(2005); West Virginia Division of Natural Resources (2006).
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Virginia Big-Eared Bat

The Virginia big-eared bat is ranked as an imperiled
subspecies by NatureServe (2008) and are either critically
imperiled or imperiled in every State where they occur
(tables 1 and 2). Virginia big-eared bats have been listed

as a federally endangered species and managed as such by
the U.S. Fish and Wildlife Service since 1979 (U.S. Fish
and Wildlife Service 1984). As noted above, the original
U.S. Fish and Wildlife Service recovery plan was approved
in 1984 and included both federally listed subspecies of
Corynorhinus townsendii (Virginia big-eared bat and Ozark
big-eared bat). Virginia big-eared bats were originally listed
as federally endangered due to small population size, limited
distribution, and vulnerability to human disturbance (U.S.
Fish and Wildlife Service 1984). Habitat loss, disturbance,
predation, and pollutants are among the identified threats in
the recovery plan (U.S. Fish and Wildlife Service 2008b).
The U.S. Fish and Wildlife Service in its 1984 recovery plan
outlined criteria for downlisting to threatened status, which
they believed could be achieved through long-term roost site
protection, subsequent stable or increasing populations over
a 5-year period, protection of foraging areas, and establishing
a monitoring program.

According to the 5-year review, the recovery plan is in need
of revision to address current species information, including
genetics, distribution, and emerging threats (U.S. Fish and
Wildlife Service 2008b). Although the recovery potential
for the Virginia big-eared bat is relatively high, at this time
three of the four approved recovery criteria have not been
met. Thus, the U.S. Fish and Wildlife Service currently
recommends retaining endangered listing status because
gains made in cave protection and population increases do
not sufficiently offset continuing and emerging threats to the
species (U.S. Fish and Wildlife Service 2008b). Mortality
from wind turbines, white-nose syndrome, predation,
vandalism, and natural changes in cave conditions pose
potential emerging threats to Virginia big-eared bats in
addition to those that were originally listed (U.S. Fish and
Wildlife Service 2008b).

Rafinesque’s Big-Eared Bat

Although they are widely distributed over much of the
Southeastern United States, Rafinesque’s big-eared bats
have never been considered common (Barbour and Davis
1969, Harvey 1999, Whitaker and Hamilton 1998). Globally,
Rafinesque’s big-eared bats are listed as a species of LC

by the World Conservation Union’s TUCN Red List of
Threatened Species (Arroyo-Cabrales and Castaneda 2008),
but are ranked as a vulnerable species by NatureServe
(2008). NatureServe (2008) does not provide consistent
State ranks (table 1) and no rangewide statistics on trends
are available, but four States (Georgia, West Virginia, South

20

Carolina, and Tennessee) have reported population declines
based on sound documentation. Populations in Indiana and
Ohio probably have been extirpated (Arroyo-Cabrales and
Castaneda 2008). Four other States (Alabama, Arkansas,
[linois, and North Carolina) reported suspected declines
(Arroyo-Cabrales and Castaneda 2008).

Rafinesque’s big-eared bats are identified on State priority
species lists within the State wildlife action plans of every
State within their range, except Louisiana and Missouri (table
2) and considered a species of special concern by U.S. Fish
and Wildlife Service (2010). The U.S. Forest Service Southern
Region designates them as sensitive species (U.S. Department
of Agriculture Forest Service 2009). Because this species is
known or suspected to be declining in more than half (10 out
of 18) of the States within its range, the U.S. Fish and Wildlife
Service is currently conducting a rangewide review of the
species (Arroyo-Cabrales and Castaneda 2008).%

DISCUSSION

Baseline data on distribution and status of Ozark and
Virginia big-eared bat populations were established in the
years following Federal listing. Subsequent work to locate
new colonies has resulted in discovery of a limited number
of additional sites. Although it is unlikely that many new
sites will be found, field investigations for new locations are
warranted. For example, in 2002, Virginia big-eared bats
were found using abandoned mine portals in Fayette County,
WYV, within the National Park Service’s New River Gorge
National River (Johnson and others 2003). This was a new
locality and the first documented occurrence of Virginia big-
eared bats using this habitat type (Johnson and others 2003).
Importantly, genetic analyses indicate that this population is
genetically distinct (Johnson and others 2003, Piaggio and
others 2009b).

Because these endangered taxa have high-site fidelity and
low tolerance to disturbance, protection of each known cave
roost has contributed significantly to recovery of individual
bat colonies (U.S. Fish and Wildlife Service 2008a). The
Federal “endangered” status provides regulatory protection
for the Ozark and Virginia big-eared bats and facilitates the
application of resources (personnel and money) toward their
recovery. Because these populations are small and disjunct,
vulnerability of these taxa to catastrophic events, e.g., white-
nose syndrome, is high. These factors also contribute to
problems that may occur due to reduced gene flow among
populations. Research on phylogeny of the Townsend’s big-
eared bat subspecies in the Eastern United States and effects

8 Personal communication. 2010. Mike Armstrong, U.S. Fish and Wildlife
Biologist, U.S. Fish and Wildlife Service, 330 W. Broadway, Frankfort, KY
40601.



of isolation are likely to provide some of the most relevant
management information to maintain viable populations in
the future (Piaggio and others 2011).

For Rafinesque’s big-eared bat, there is a wealth of

new data on distribution and other aspects of its natural
history, although much of it is not yet in the published
literature (Bayless and Clark 2009, Rice 2009, Stevenson
2008). Recent investigations have focused on bottomland
hardwood forests of the Coastal Plain regions (Trousdale
2011). Even so, many gaps in our knowledge of this
species’ distribution remain for both this region and more
interior parts of the range. For example, there are few
records of winter hibernacula in the Coastal Plain regions
of the Eastern United States and few summer records in
interior regions. An absence of this species in the Piedmont
of coastal States appears when records are individually
plotted, but it is not clear whether this is an artifact of
sampling. More field work to accurately delineate the
distribution is needed.

Because Rafinesque’s big-eared bats are more widespread
than the other eastern big-eared bats and use a much broader
range of roosts (structurally, seasonally, and geographically),
baseline inventory and monitoring is more challenging.

The status of this species remains unclear. Roosting habits
and unknown aspects of demography confound efforts to
devise a reliable means of assessing their status. Estimating
abundance of bats, necessary for establishing baselines

and for documenting change in population size, typically
relies on complete enumeration (Kunz and Parsons 2009).
Counting methods for bats roosting in caves and mines
have been established and have been used in some cases

for Rafinesque’s big-eared bats (see footnote 6). However,
for the more widely dispersed populations occurring in
forested areas, a method of estimating populations needs

to be established. Given that Rafinesque’s big-eared bats
have preferences for certain tree species [e.g., Nyssa spp.
and bald cypress (T. distichum)] and structural types of tree
roosts (extensive hollows in large diameter trees), it may be
possible to develop structure-based monitoring (Clark 2003,
Kunz and Parsons 2009). For example, tracking abundance,
characteristics, and distribution of mature cypress-gum
swamp forest could provide an index to abundance in that
habitat type.

Mature bottomland hardwood forest has experienced
significant declines in the past (Miller and others 2011)

and loss of this forest type continues in some areas. Loss

of mature stands of bottomland forests, especially those
containing cypress-gum communities, likely decreases
number of roosts available for Rafinesque’s big-eared

bat which may have a detrimental effect on population
numbers. Monitoring of mature bottomland hardwood forest
may provide information about potential for Rafinesque’s

big-eared bat distribution and data that can assist with
population status assessments. Using Forest Inventory and
Analysis (FIA) data derived by the U.S. Forest Service may
be one approach for beginning to understand distribution

of potential roosting areas (Miller and others 2011), but
care should be taken with pooled FIA data as they may not
capture the local impacts of forest growth and loss trends.
North Carolina, for example, lost 5.5 percent of its forests
between 1990 and 2002. However, at the county level, some
counties lost between 25 and 35 percent of their forests in
that time period (Brown 2004). Additionally, colonies of
Rafinesque’s big-eared bats that roost and forage in forested
wetlands may be significantly affected by small-scale forest
loss because this species does not move far from roosts for
foraging or overwintering (Clark 2003, Clark and Black
1977, Rice 2009).

Although Rafinesque’s big-eared bat populations are not as
isolated as Ozark and Virginia big-eared bats, there appears
to be potential for reduced gene flow, indicating a need

for more research on phylogenetics of Rafinesque’s big-
eared bats (Piaggio and others 2011). Remnants of mature
bottomlands that are not connected by forested corridors may
create an isolating effect similar to the disjunct populations
with Townsend’s big-eared bat in the Eastern United States.
Additionally, the gap in the Piedmont region may isolate
interior populations from those in the Coastal Plain. This
work is now possible due to recently developed microsatellite
markers for Rafinesque’s big-eared bat (Piaggio and others
2009a) which provide variability for estimation of population
connectivity, demographic parameters, and genetic diversity.
This information will be necessary for future status
determinations.
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ECOLOGY OF TREE-ROOSTING RAFINESQUE’S BIG-EARED BATS
IN THE EASTERN UNITED STATES

Austin W. Trousdale, Assistant Professor of Biology, Lander University,
Department of Biology, Greenwood, SC 29649

Abstract—Tree-roosting big-eared bats in the Eastern United States are represented solely by Rafinesque’s big-eared bat
(Corynorhinus rafinesquii). Studies of tree-roosting C. rafinesquii have been largely descriptive rather than manipulative,
and habitat selection of this species beyond the scale of the roost tree is poorly understood. Regardless, general trends

in the roosting ecology of this species are evident. C. rafinesquii roosts primarily in hollows of live trees in bottomland
hardwood forest, especially tupelos, e.g., Nyssa aquatica and N. sylvatica. Dimensions, type, access, and thermal
characteristics are factors in cavity selection. In selecting tall trees (mean = 21.5 m) of large diameter (mean = 110 cm),
C. rafinesquii conforms to broad trends in roosting preferences of North American forest-dwelling bats. Roost trees are
often clumped in distribution, enabling bats to travel short distances (usually < 1 km) among day roosts. C. rafinesquii
exhibits low daily fidelity to tree roosts yet remains faithful to tree roosts over years. Overlap in species of trees used for
roosting exists between C. rafinesquii and syntopic southeastern myotis (Myotis austroriparius), but differences in tree
size and position of individuals within cavities may minimize interspecific competition. The interaction of roost abundance
and quality with local population dynamics warrants further attention, as does the importance of internal microclimate to
the value of roosts. Incorporating the needs of tree-roosting big-eared bats in reforestation strategies remains an important
conservation measure in bottomland hardwood forests in the Eastern United States.

INTRODUCTION

Tree-roosting big-eared bats (genus Corynorhinus) in

the Eastern United States are represented exclusively by
Rafinesque’s big-eared bat (C. rafinesquii). Although Fellers
and Pierson (2002) documented Townsend’s big-eared bat

(C. townsendii) roosting in tree hollows in Western North
America, populations of eastern subspecies (C. t. ingens and

C. t. virginianus) roost exclusively in caves and abandoned
mines (Kunz and Martin 1982, Whitaker and Hamilton 1998).
The distribution of C. rafinesquii includes Southeastern and
South Central North America (Barbour and Davis 1969), and
use of hollow trees of various species as roosts by C. rafinesquii
has been reported for populations across its range (table 1).
Tree roosts are especially important to C. rafinesquii in the
Mississippi Alluvial Valley and Gulf Coastal Plain where caves
are scarce (Clark 2003). This bat also roosts in anthropogenic
structures (Clark 1990; England and others 1990; Ferrara and
Leberg 2005a, 2005b; Hoffmeister and Goodpaster 1963;
Lance and others 2001) and in some areas moves among
artificial structures and trees (Lance and others 2001, Trousdale
and Beckett 2005, Trousdale and others 2008).

Roosts are essential to all bats, and characteristics of these
roost types have driven morphological, physiological, and
behavioral adaptations in bats (Kunz and Lumsden 2003).
Likewise, constraints in availability of roosts at local scales,
and the vulnerability of bats while using these structures,
may adversely affect bat populations (O’Shea and Bogan
2003). Descriptions of roosts, and an understanding of their
spatio-temporal use by bats, are important for design and
implementation of effective conservation strategies (Sherwin

and others 2005). Bats that use cavities and crevices of trees
require forests to meet their ecological demands, because
tree-roosting bats move among roosts to varying extents, both
among and within species, and because roosts are dynamic

in quality and quantity (Barclay and Kurta 2007). Kalcounis-
Riieppell and others (2005) quantitatively summarized patterns
in characteristics of trees used by cavity- and crevice-roosting
bats in North America. These authors established a “profile” of
roost trees as being relatively tall with large diameter at breast
height (d.b.h.) and located within comparatively open stands
of high snag density and close proximity to water relative to
randomly available trees.

Here I summarize the current state of knowledge of the
behavior of tree-roosting C. rafinesquii in the Eastern
United States. I discuss the extent to which C. rafinesquii
conforms to the generalizations of Kalcounis-Riieppell
and others (2005), and review the dimensions and thermal
characteristics of cavity roosts reported. In addition to
roost selection, I explore behavioral patterns, such as roost
switching and sociality, of tree-roosting populations of this
species. My synthesis of these diverse but interrelated topics
identifies broad generalizations that hopefully enhance the
formulation and implementation of conservation strategies
for C. rafinesquii in the Eastern United States.

ROOST SELECTION

The proximate goal of resource selection by an individual
organism is to satisfy an immediate need, while the ultimate
goal is to maximize fitness. Hence, the decision of where

Citation for proceedings: Loeb, Susan C.; Lacki, Michael J.; Miller, Darren A., eds. 2011. Conservation and management of eastern big-eared bats:
a symposium. Gen. Tech. Rep. SRS-145. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 157 p.

27



Table 1—Tree species used as day roosts by Corynorhinus rafinesquii by geographic location in the
Eastern United States; all reported roosting sites were in tree cavities

Tree species

Scientific name Common name Location
Carya glabra Pignut hickory Mississippi?
C. ovata Shagbark hickory Mississippi?

Fagus grandifolia American beech

Liquidambar styraciflua Sweetgum
Magnolia grandiflora Southern magnolia
Nyssa aquatica Water tupelo
N. sylvatica Black tupelo
Platanus occidentalis American sycamore
Eastern cottonwood

White oak

Populus deltoides

Quercus alba

Q. lyrata Overcup oak

Q. michauxii Swamp chestnut oak
Q. nigra Water oak

Q. pagoda Cherrybark oak

Q. phellos Willow oak

Taxodium distichum Bald cypress

Kentucky?, Mississippi?, Texas®
Mississippi?, South Carolina®
Mississippi®

Arkansas', Louisiana%”", Mississippi®
Louisiana/, Mississippi®
Mississippi?

Mississippi?

Mississippi?

Mississippi?

Mississippi®

Mississippi?

Mississippi?

Mississippi?

Georgia”, Louisiana”, Mississippi?, South Carolina?

@ Stevenson (2008).

5 Hurst and Lacki (1999).

¢ Mirowsky and others (2004).
9Lucas (2009).

¢ Trousdale and Beckett (2005).
Cochran (1999).

9 Gooding and Langford (2004).
" Rice (2009).

"Carver and Ashley (2008).

/ Lance and others (2001).

K Clement and Castleberry (2008).

to roost should reflect the physiological and ecological
requirements of bats (Barclay and Kurta 2007). These may
differ within an individual, e.g., by season, and among
individuals, e.g., pregnancy versus lactation. Unfortunately,
authors have often pooled data among bat species and
demographic categories in an effort to increase statistical
power, potentially obscuring important distinctions (Miller
and others 2003). Further, knowledge of the tree-roosting
ecology of C. rafinesquii has been derived from observational
rather than manipulative studies. Consequently, demonstrated
roost selection has more often been inferential rather than
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experimental. Lastly, habitat selection of tree-roosting bats is
hierarchical (Perry and others 2008); however, most studies
of C. rafinesquii have worked at small spatial scales, i.e., the
roost tree and habitat immediately surrounding it. Thus, we
are still a long way from a comprehensive view of the tree-
roosting ecology of C. rafinesquii.

Species and Condition of Roost Trees

Roosts of C. rafinesquii in trees have been located by
opportunistic searches of tree hollows and other structures



and by radio tracking individuals following their capture

on the wing or at other roosts. Studies have largely been
conducted in bottomland hardwood forests (BLHs) within
and adjacent to river floodplains. Although the species is by
no means restricted to these systems (Hurst and Lacki 1999,
Menzel and others 2001), BLHs contain the tree species that
dependably form cavities in which bats may roost (Stevenson
2008). Past land use may continue to influence tree roost
selection by C. rafinesquii; individual trees currently used
by the species might have been spared from logging due to
their relative inaccessibility. Association of C. rafinesquii
with water tupelo (Nyssa aquatica) and black tupelo

(N. sylvatica) has been well documented (table 1). Nyssa is
capable of producing extensive hollows due to erosion of
the heartwood (Burns and Honkala 1990). Roosts have also
been reported from other cavity-forming BLH trees that
provide entrances either at the base or in branch scars higher
on the stem (table 1). Based on this diversity, C. rafinesquii
more likely discriminates among individual trees by physical
characteristics rather than species (Stevenson 2008), a
generalization that can be extended to forest-roosting bats
inhabiting different ecosystems (Barclay and Kurta 2007,
Vonhof and Barclay 1996).

C. rafinesquii roosts are located within live trees more
frequently than snags (Carver and Ashley 2008, Lucas 2009,
Mirowsky and others 2004, Stevenson 2008, Trousdale

and Beckett 2005). A proximal advantage of selecting a
cavity in a live tree instead of a snag may be enhanced
thermoregulation facilitated by a more stable microclimate.
In forested systems outside the distribution of C. rafinesquii,
live trees better retain heat at night than do snags (Coombs
and others 2010, Paclik and Weidinger 2007), although
cavities in live trees appear to heat more slowly than ones

in snags (Kalcounis and Brigham 1998). Cavity-denning
endotherms may benefit from the relative thermal stability
conferred by the intact, water-containing woody tissue of a
live tree (McComb and Noble 1981), and it follows that the
comparatively thick bark of a live stem may enable its hollow
to better retain heat (Sedgeley and O’Donnell 1999). The
ultimate benefit to C. rafinesquii of preferentially roosting
in live trees may be formation and maintenance of “roost
networks” that facilitate information transfer (Rhodes 2007,
Rhodes and others 2006). This outcome is perhaps better
facilitated when structures remain intact and available to the
local population for generations (Barclay and Kurta 2007).

Dimensions of Roost Trees

Authors typically comment on the large size of roost trees
used by C. rafinesquii (table 2). Aside from possessing
sizeable cavities and accessible entrances, the most important
characteristic of trees appears to be that they possess
relatively large d.b.h. Average d.b.h. of roost trees reported
from studies across the species’ distribution was 110 cm

(n =17, see table 2). When compared to random trees,

tree roosts of C. rafinesquii had greater d.b.h. in western
Tennessee (Carver and Ashley 2008) and in Congaree
Swamp, SC (Lucas 2009). In Louisiana, tree diameter and
internal height of the cavity of tree roosts were significantly,
positively related (Rice 2009). Average height of roost trees
reported from studies across the species’ distribution was

21 m (n = 5; see table 2). Trees containing maternity roosts
were significantly taller than random trees in BLHs (Lucas
2009). Although tree height may simply reflect age, in some
cases the advantage to an individual bat in locating the

tree at the stand and landscape scale likely increases with
height (Britzke and others 2003, Campbell and others 1996,
Vonhof and Barclay 1996). A taller stem may also enable
the individual bat to roost at sufficient height to benefit
from increased solar exposure on the stem and by extension,
a warmer roost microclimate, although this relationship

has been much better documented in crevice and bark
roosts (Kurta and others 1993) than for roosts in hollows.
Considering that hollow trees occupied by C. rafinesquii
have greater cavity volumes than unoccupied hollow trees
(Clement and Castleberry 2008), a preference for taller trees
may highlight the importance of a spacious cavity (Gellman
and Zielinski 1996, Lucas 2009, Stevenson 2008).

Cavity Type, Dimensions, and Orientation

C. rafinesquii is known to roost in tree cavities accessible via
triangular basal entrances (fig. 1). Use of this roost type by
C. rafinesquii is predominant in BLHs in Louisiana (Gooding
and Langford 2004), northern Mississippi (Stevenson

2008), the Francis Beidler Forest in South Carolina (Clark
2003), western Tennessee (Carver and Ashley 2008), and
eastern Texas (Mirowsky and others 2004). However,

C. rafinesquii also makes use of trunk hollows (Trousdale
and Beckett 2005) or cavities accessible via a single or
multiple openings higher on the stem. The terms “upper bole
cavities” (Lucas 2009) and “chimneys” (Rice 2009) have
also been used to describe these roosts. Trunk hollows made
up nearly all tree roosts of C. rafinesquii found in a mixed
hardwood-pine system in southern Mississippi (Trousdale
and Beckett 2005) and a considerable portion of roosts found
in Congaree Swamp (Lucas 2009). The configuration of
trunk hollows may promote a more favorable microclimate
for entering and maintaining torpor when food is scarce,
considering that cold air entering a trunk hollow would sink
whereas warm air entering a basal cavity would rise (Rice
2009). Trunk hollows are probably less likely than basal
cavities to be inundated by winter flooding, a predictable
occurrence in BLHs (Clark 2003, Gooding and Langford
2004), and seasonally high water coincides with absence of
C. rafinesquii from basal cavities in Louisiana (Rice 2009).
If trunk hollows were also less accessible to predators of

C. rafinesquii than basal openings (Cochran 1999), allowing
bats to enter deep torpor more safely (Lausen and Barclay
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Table 2—Means (SE), unless noted otherwise, of characteristics of tree roosts of Corynorhinus rafinesquii in the Eastern

United States

Height of Width of cavity  Interior height of

Author (date) Tree height D.b.h. Cavities cavity roost® entrance cavity
n m cm no. cm m
Carver and Ashley (2008) 26 (1.3) 124 (7.5) 1.6 (0.1) 120 (15.3) 40 (5.2) 9(0.7)
24
Clark (1990) 1 170 70 5

1
Cochran (1999) 11 (1.9)° 155 (26.8) 1

3
Gooding and Langford (2004) 25 (0.6) 120 (3.5) 1.7 (0.1) 132 (10) 48 (4) 6 (0.3)
44
Lance and others (2001) {59, 103}

4
Lucas (2009) 27 (1.3) 107 (4.7)
43
Rice (2009) 82 (25.4)° 104 (54.5) 46 (40.3) 6 (2.8)
26
Stevenson (2008) 100 (5.4) 70 (9.4) 40 (4.5) 6 (0.5)
49
Trousdale and Beckett (2005) 18 (10.7)° 79 (18.9) 1.1 (0.4)
14

D.b.h. = diameter at breast height.
@ Largest entrance if multiple cavities.

bsp reported by author.

20006), these cavities would be particularly valuable winter
roosts. Supporting data are lacking for this hypothesis.

It remains unclear whether minimum dimensions of cavity
entrance, height, and width must be met for C. rafinesquii to
use potential roost trees. Cochran (1999) noted use of two
water tupelos by C. rafinesquii that each contained a central
cavity accessible only via a knothole opening < 8 cm across.
Some cavity-roosting bats, e.g., the New Zealand long-tailed
bat (Chalinolobus tuberculatus), Leisler’s bat or the lesser
noctule (Nyctalus leisleri), and the noctule bat (N. noctula),
prefer spaces with smaller entrances, perhaps to reduce
susceptibility to predation or convective heat loss (Ruczynski
2006, Sedgeley 2001). Internal cavity height averaged 6.4 m
across studies (n = 5; see table 2). Stevenson (2008) found
that this variable was greater by > 300 cm for tree roosts than
for cavities from which C. rafinesquii was not documented.
C. rafinesquii appears to use a fission-fusion behavioral
strategy (see below) that may compensate for occasional
limitations in cavity volume that prevent all members of a
colony from roosting concurrently.
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Orientation of a cavity opening is a predictor of roost use
by some tree-roosting bats, e.g., big brown bats (Epfesicus
fuscus) (Kalcounis and Brigham 1998), but this variable
apparently does not influence occupancy by C. rafinesquii.
For C. rafinesquii, aspect did not differ from random in
Louisiana (Gooding and Langford 2004), and a wide range
of values for orientation were reported in Mississippi
(Trousdale and Beckett 2005). In western Tennessee,

C. rafinesquii roosts tend toward a north-northeasterly
direction, but orientation of these cavities does not differ
from that of available tree hollows (Carver and Ashley 2008).

Location of the roost cavity in relation to forest structure

is potentially relevant to its use by bats. Cavities used

by maternity colonies of Nyctalus and C. tuberculatus

are located further from nearby trees or other vegetation
and placed higher off the ground than are unused cavities
(Ruczynski 2006, Sedgeley and O’Donnell 1999). A cavity
situated in a relatively uncluttered environment would
seem to be particularly important to C. rafinesquii, as other
plecotine bats are known to find potential roosts using



Figure 1—A roost tree of Corynorhinus rafinesquii accessed
through a basal entrance. (Photo by Brian D. Carver)

echolocation while hovering at close distance from the
stem surface (Ruczynski and others 2009). Nevertheless,
canopy closure at tree roosts of C. rafinesquii is high (> 90
percent) in southeastern Mississippi, although proximity to
streambeds may reduce clutter surrounding cavity entrances
(Trousdale and Beckett 2005).

Thermal Characteristics of Roosts

Over much of its distribution, C. rafinesquii is resident year
round within its home range (Jones 1977, Mirowsky and
others 2004, Rice 2009, Stevenson 2008, Trousdale 2008),
yet roosting ecology of the species has traditionally been
studied during warmer seasons (but see Rice 2009) and the
temperature requirements of the species inside tree roosts are
only beginning to be understood [see Hurst and Lacki (1999)
for discussion of temperature relations of C. rafinesquii in a
cave roost]. As endotherms that possess a large surface area
to volume ratio, bats are susceptible to a high rate of heat
loss (Speakman and Thomas 2003). For insectivorous bats
living in the temperate zone this problem is compounded by
the seasonal scarcity of prey. C. rafinesquii uses daily torpor
to reduce its energy expenditure, especially during cool
weather, and enters hibernation during extended periods of
unfavorable conditions (Hoffmeister and Goodpaster 1963,
Jones 1977, Pearson 1962). Success of this strategy depends
on an individual roosting at a temperature just low enough to
reduce energetic requirements and within a space effectively
insulated to minimize fluctuations in temperature that could
trigger periodic arousals (Neuwiler 2000).

Data on temperatures inside C. rafinesquii roosts have been
collected from relatively little of the species’ distribution.
However, C. rafinesquii generally favors roosts with
microclimates that are stable over the short term. Changes
in air temperature apparently prompt C. rafinesquii to

alter roosting locations within and among caves and

anthropogenic structures (Hurst and Lacki 1999, Jones and
Suttkus 1975). In North Carolina, daily spring temperatures
fluctuate more in abandoned buildings than in C. rafinesquii
roost tree cavities (Clark 1990). Rice (2009) performed

the most comprehensive study of thermal relations of
tree-roosting C. rafinesquii to date. He compared internal
temperatures of Nyssa among individual trees grouped by
cavity opening type: trunk, basal, or both and found that
temperatures within all cavity types were generally milder
than ambient conditions regardless of season. During
summer, mean cavity temperature (approximately 22 °C)
did not differ by tree configuration, nor did C. rafinesquii
select any particular cavity type. However, on occasions
when the previous night’s temperature did not exceed

17 °C, individuals largely restricted tree use to roosts with
trunk hollows only. During winter, temperatures in trunk
hollows were more stable than those of basal cavities and
cavities with both basal and chimney openings. Within
these trunk hollows, C. rafinesquii seasonally adjusts its
relative roosting height, occupying the bottom half of the
cavity in late summer and roosting near the top during
winter. Such movement is consistent with the prediction
that each individual selects the height in the chamber where
microclimate is most favorable (fig. 2), assuming that
temperatures are stratified within the cavity (Rice 2009).

Thermal characteristics of a tree cavity or crevice appear to
play an important role in resource selection by insectivorous
bats that roost in these structures (Barclay and Kurta 2007,
Crampton and Barclay 1998, Kalcounis and Brigham 1998,
Kerth and others 2000, Sedgeley 2001). Microclimates

of vacant roosts of C. tuberculatus, situated in knotholes,
possess higher minimum temperatures than do available,
presumably unused cavities. These sites also sustain their

Figure 2—View of a maternity colony of Corynorhinus rafinesquii
with bats roosting at varying heights inside the cavity of a tree roost.
(Photo by Christopher L. Rice)

31



maximum temperatures and humidity for a significantly
longer time than cavities of both comparable and dissimilar
configurations (Sedgeley 2001). Bat pups are born naked;

as neonates their ability to thermoregulate is poor (Kunz
1987). When adult females leave the roost to forage, pups
are dependent upon heat retained within the roosting
structure to remain warm (Ruczyniski 2006, Sedgeley 2001).
A thicker stem wall should promote a more stable internal
microclimate (Sedgeley and O’Donnell 1999); this variable
is positively correlated with tree d.b.h. of C. rafinesquii
roosts in Mississippi (Stevenson 2008). An optimal

roost for a social species like C. rafinesquii should also
provide space sufficient to contain the group size at which
thermoregulatory benefits materialize; future research efforts
are needed to elucidate this relationship. C. rafinesquii forms
large aggregations when roosting in anthropogenic structures
during cold weather (Hoffmeister and Goodpaster 1963)

and some tree-roosting populations conform to this pattern.
For example, Stevenson (2008) reported a very large group
(> 200 individuals) roosting within a tree cavity in winter in
Mississippi.

The geographic distribution of C. rafinesquii includes areas
that experiences very warm, humid summers. Heat stress
could, therefore, become a problem during the day and may
influence roost selection by individuals and colonies during
this time of year. Relief from heat may help explain why
this bat often roosts underneath concrete bridges in summer,
even when tree cavities are located nearby (Trousdale and
others 2008). Roosting flush with the concrete wall of a
compartment enables an individual to contact a surface
considerably cooler than ambient daytime temperatures
(Ferrara and Leberg 2005a). This pattern has not been
demonstrated using summer temperature data from tree
roosts of C. rafinesquii. However, avoidance of heat stress
may influence E. fuscus in Saskatchewan, Canada, to roost
in live-tree cavities that are cooler than afternoon ambient
temperatures and cooler in the mornings than cavities in
snags (Kalcounis and Brigham 1998).

Distribution of Tree Roosts

Authors have noted that tree roosts of C. rafinesquii tend
to be located in close proximity to one another (Carver and
Ashley 2008, Clark 2003, Gooding and Langford 2004,
Trousdale and Beckett 2005). However, mean distance to
nearest cavity tree is greater for tree roosts than nonused
trees in Mississippi (Stevenson 2008), implying a more
uniform dispersion pattern. In contrast, Lucas (2009)
identified a clustered dispersion pattern in Congaree Swamp.
Roost distribution across the landscape is likely affected
by a combination of hydrology and soil chemistry that
shape floodplain plant communities (Mitsch and Gosselink
2007), and characteristics of the biology of cavity-forming
trees tolerant of these conditions (Burns and Honkala
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1990). Past land use, e.g., timber extraction, that shapes
current vegetation is also influential in determining the
distribution of tree roosts (Gooding and Langford 2004).
Patches of forest with a high density of potential roosts may
be characterized by even-aged stands of older trees (Clark
2003), and inhabiting these areas is likely advantageous

to C. rafinesquii. Given that C. rafinesquii has a low wing
loading and aspect ratio (Jones and Suttkus 1971, Norberg
and Rayner 1987), the flight of this species is highly
maneuverable but also energetically expensive (Norberg and
Rayner 1987). Therefore, individuals would be expected to
travel conservative distances when foraging or commuting
(Entwistle and others 1996, Lacki and Dodd 2011). For
example, in a population that uses both trees and bridges

as day roosts, individuals moved among sequential tree
roosts at an average of approximately 360 m (Trousdale

and Beckett 2005), comparable to 234 m moved in BLHs

in Louisiana (Rice 2009). Furthermore, roosts of solitary
males and females in maternity colonies are concentrated in
areas averaging < 3 ha, based on minimum convex polygons
surrounding point locations of trees used by C. rafinesquii in
Congaree National Park (Lucas 2009).

Selection at Stand and Landscape Scales

Species composition of stands seems to more consistently
influence roost selection of C. rafinesquii than does stand
structure. The dominant vegetation within these stands
generally corroborates the notion that C. rafinesquii depends
on BLHs or, at least, a substantial hardwood component
within the forest types used for roosting. In a mixed pine-
hardwood system, 10 of 14 C. rafinesquii roosts were

in stands characterized by the U.S. Forest Service as
bottomland hardwood, with the remainder in loblolly pine
(Pinus taeda) or laurel oak (Quercus laurifolia)-willow oak
(Q. phellos) stands (Trousdale and others 2008). In old-
growth BLHs, > 76 percent of roosts were located in a bald
cypress (Taxodium distichum)-water tupelo-Carolina ash
(Fraxinus caroliniana) association, with separate complexes
of sweetgum (Liquidambar styraciflua), hackberry (Celtis
laevigata), and beech (Fagus grandifolia) also represented
(Lucas 2009). A Louisiana stand containing 44 roosts used
over a 3-month span was almost entirely comprised of water
tupelo (Gooding and Langford 2004).

The relative importance of basal area and canopy closure

in determining suitability of stands for roost locations

of C. rafinesquii is somewhat ambiguous. Gooding and
Langford’s (2004) study area supported a mean basal area of
72.3 m*/ha, while that of Stevenson (2008) was 21.8 m*/ha.
Plots containing tree roosts of C. rafinesquii have a higher
basal area (120.5 m*/ha) than do random plots (71.3 m*/ha)
in Congaree National Park (Lucas 2009). Conversely,
neither basal area nor canopy closure differs between stands
containing roosts and random trees in Mississippi, where



canopy closure exceeds 90 percent (Stevenson 2008).
Although C. rafinesquii follows the general trend of roosting
in stands with a high density of potential roosts (i.e., snags,
Kalcounis-Riieppell and others 2005), its preferences
apparently do not include open canopies surrounding roosts.

Stand- and landscape-level characteristics seem to be

less important than those of individual roost trees for

C. rafinesquii (Lucas 2009, Stevenson 2008). In Mississippi,
distance to the nearest hollow tree is the only landscape
variable that predicts cavity use by C. rafinesquii, as tree
roosts are located farther away from these structures than
nonroost trees (Stevenson 2008). In Lucas’ (2009) analysis,
multivariate models that included landscape variables poorly
explained roost selection in this species. However, maternity
colonies roost in trees significantly farther from edge habitat
than random trees, suggesting that interior forest is more
optimal for cavity formation or associated with less predation
pressure (Lucas 2009). Selection of roost trees away

from edge habitats to reduce predation pressure has been
purported for foliage-roosting red bats (Lasiurus borealis)
(Hutchinson and Lacki 2000).

ROOST FIDELITY AND SOCIAL BEHAVIOR

During warm weather, C. rafinesquii shows limited day-
to-day fidelity to tree roosts but strong fidelity to the

patch of forest enclosing these roosts within and across
years (Clark 2003, Gooding and Langford 2004, Lucas
2009, Stevenson 2008, Trousdale and Beckett 2005). In

this sense, roost fidelity for the species is scale-dependent
and resembles behavior of other bats, e.g., big brown bat
(Willis and others 2003), Indiana bat (Myotis sodalist)
(Kurta and Murray 2002), and tri-colored bat (Perimyotis
subflavus) (Veilleux and Veilleux 2004). The lower daily
fidelity that C. rafinesquii shows to tree roosts compared

to anthropogenic roosts may be due to these bats seeking
optimal microclimates relative to ambient temperatures and
the individual’s physiological demands (Kerth and others
2000, Rice 2009). Alternatively, if roosts in buildings or
under bridges possess a more stable, agreeable microclimate
than do tree cavities, or are subject to relaxed parasitism

or predation pressures, such circumstances may remove
incentives to switch more frequently. Lewis (1995) argued
that relative densities of roosts within the landscape or their
differences in degree of permanence could lead bats to adjust
roost fidelity accordingly; C. rafinesquii met this prediction
where roosts varied in these attributes over the landscape
(Trousdale and others 2008). Proximity to adequate foraging
habitat surrounding a cave also likely contributes to fidelity
of C. rafinesquii to a cave in Kentucky (Hurst and Lacki
1999). In contrast, where multiple roosts are concentrated
within the same forest patch, recurrent roost switching by

C. rafinesquii and other insectivorous bats involves distances

that are likely insufficient to reflect shifts in food supply,
thus, having little impact on an individual’s daily energy
budget (Barclay and Kurta 2007).

The low roost fidelity of C. rafinesquii to trees and the
tendency of female individuals to roost communally during
the reproductive season have important consequences for
the species’ behavior. Fenton (2003) argued that a colony

is more than simply an aggregation of individuals that
cooccupy a roost at a given time, but rather a discrete social
unit. Groups of C. rafinesquii that cohabit tree cavities
appear to be colonies that exhibit fission-fusion social
behavior (Kerth and Konig 1999). Marked individuals
associate together among multiple roosts in southeastern
Mississippi (Trousdale and Beckett 2005), and several other
investigations (Gooding and Langford 2004, Lucas 2009,
Rice 2009) noted variable group size within and among
roosts based on daytime cavity surveys or exit counts.
Fluidity in composition may be an adaptation, used in
combination with recurrent roost switching, to maintain
group cohesion despite differences in size of cavities among
trees (Willis and Brigham 2004, Willis and others 2006).

In proximal terms, the mobility that such loosely cohesive
group living offers might benefit the individual by decreasing
parasite loads and lessening the length of time before odors
accumulate within a roost, potentially attracting predators
guided by olfaction (Lewis 1995). Regular movement
among tree cavities may also familiarize the individual with
locations of alternate roosts (Kurta and others 2002). In this
context, behavior of individuals which habitually roost apart
from a colony, e.g., adult males, would be less subject to
these factors and, predictably, should switch roosts less often
(Rice 2009, Trousdale 2008). Data from Congaree National
Park indicate that solitary-roosting C. rafinesquii show
higher fidelity to roosts than bats from maternity colonies
(Lucas 2009).

RELATIONSHIP WITH
MYOTIS AUSTRORIPARIUS

In the Coastal Plain and the Mississippi Alluvial Valley,

C. rafinesquii is syntopic with southeastern myotis

(M. austroriparius), another rare bat dependent on hollow
trees in BLHs for roosting (Barbour and Davis 1969,
Clark 2003, Gooding and Langford 2004). Southeastern
myotis and C. rafinesquii cohabit tree hollows throughout
most of the year in Louisiana (Rice 2009) and Mississippi
(Stevenson 2008), and share anthropogenic roosts during
winter in Texas (Mirowsky and others 2004). However,
resource partitioning between the two species with respect
to roosts likely occurs (table 3). In western Tennessee, tree
diameter is greater for roosts of C. rafinesquii than those
trees used only by southeastern myotis, and the particular
trees that the two species share are among the largest
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Table 3—Grand means of tree roost characteristics of Corynorhinus rafinesquii and Myotis austroriparius

in the Eastern United States

Height of Width of cavity Interior height
Bat species Tree height D.b.h. Cavities cavity roost® entrance of cavity
m cm no. cm m
CORA 21 110 1.3 119 49 6
MYAU 26° 93° 1.3 103° 39’ 79

D.b.h. = diameter at breast height; CORA = Corynorhinus rafinesquii; MYAU = Myotis austroriparius.

2 Largest entrance if multiple cavities.

b'n = 2. Carver and Ashley (2008), Gooding and Langford (2004).
2008), Gooding and Langford (2004), Hofmann and others (1999), Rice (2009), Stevenson (2008).
2008), Gooding and Langford (2004), Hofmann and others (1999).

 n = 5. Carver and Ashley

9 n = 3. Carver and Ashley

(
(
(
(

® n = 5. Carver and Ashley (2008), Gooding and Langford (2004), Hofmann and others (1999), Rice (2009), Stevenson (2008).
"n = 5. Carver and Ashley (2008), Gooding and Langford (2004), Hofmann and others (1999), Rice (2009), Stevenson (2008).
9 n = 4.Carver and Ashley (2008), Hofmann and others (1999), Rice (2009), Stevenson (2008).

used by southeastern myotis, but among the smallest used

by C. rafinesquii (Carver and Ashley 2008). Stevenson
(2008) noted a similar partitioning of tree roosts, with
southeastern myotis preferring smaller trees (d.b.h. = 40

to 70 cm) than C. rafinesquii as solitary roosts, whereas
overall, C. rafinesquii more frequently roosting in the

largest cavity-bearing trees (= 100 cm d.b.h.) in the study
area. Overall, C. rafinesquii select trees > 80 cm in d.b.h.,
whereas southeastern myotis use trees at random with regard
to species and size (Stevenson 2008). In some cases, the

two species may discriminate between tree roosts based on
number and type of cavities present. C. rafinesquii tree roosts
average 1.58 entrances compared to 1.0 opening in roosts of
southeastern myotis (Carver and Ashley 2008). In Louisiana,
southeastern myotis roost in hollow trees with basal openings
exclusively, while C. rafinesquii roost in trees with basal and
trunk hollows (Rice 2009).

Further evidence of niche separation between C. rafinesquii
and southeastern myotis comes from observations of their
roosting habits and behavior. Although the two species both
use particular trees during summer in western Tennessee,
they do so on different occasions (Carver and Ashley
2008). In Mississippi, maternity colonies of C. rafinesquii
and southeastern myotis segregated, occupying different
individual trees (Stevenson 2008). Investigators have noted
that groups of C. rafinesquii tend to roost along the sides
of the chamber and easily awaken, but southeastern myotis
generally cluster at the “ceiling” and typically appear

less disturbed by cavity inspections (Carver and Ashley
2008, Stevenson 2008), although Rice (2009) noted that
larger aggregations of day-roosting southeastern myotis
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are often awake (evident by their noise) even prior to
observation. Differences in dispersion of individuals inside
cavity chambers suggest each species’ own microclimatic
preferences within roosts (Rice 2009).

IMPLICATIONS FOR CONSERVATION
AND MANAGEMENT

The effects of timber extraction on roost selection by

C. rafinesquii have not been examined. Although selective
logging could be used to avoid particular cavity-containing
trees, exposure of roosts to increased solar radiation would
likely occur due to thinning of the canopy (Carver and Ashley
2008). This change is potentially important considering that
basal area in stands surrounding tree roosts may be high
(Gooding and Langford 2004, Lucas 2009), as is canopy
closure (Gooding and Langford 2004, Trousdale and Beckett
2005). Opening up the canopy and midstory, whether by
mechanical thinning or by fire (in upland areas), could alter
the microclimate within cavities of relict trees, as well as
encourage the growth of understory vegetation surrounding the
entrance to cavities (Carver and Ashley 2008).

In locations where BLHs remain largely intact, I encourage
managers interested in conserving habitat of C. rafinesquii
to promote survival and recruitment of large (> 50-cm
d.b.h.) trees, especially water tupelo and black tupelo.
American beech, sweetgum, American sycamore (Platanus
occidentalis), and bald cypress are species of trees that
should also receive priority due to their propensity to form
cavities (Stevenson 2008). Where BLHs have been removed



and reforestation is an option, I recommend that managers
propagate these trees. In floodplains, restoration of a
hydrologic regime with pulses of inundation to seasonally
promote hydric/hypoxic soil conditions should especially
favor tupelo and bald cypress trees over less-desirable
species. Within a matrix of commercial timber lands,
streamside management zones or buffer strips adjacent

to wetland habitats could help fulfill this purpose. As
reforestation proceeds, deployment of artificial structures
that mimic natural cavities in configuration and dimensions
might aid in nurturing local populations of C. rafinesquii
until suitable trees develop natural cavities for roosting.

CONCLUSIONS

C. rafinesquii roosts in hollow trees possessing cavities
accessible either by basal entrances or upper bole openings.
Like other forest-dwelling bats, C. rafinesquii seems to
prefer tall, live trees with large diameters often situated in
areas with higher densities of potential tree roosts. In contrast
to trees occupied by other cavity-roosting bat species of
North America (Kalcounis-Riippell and others 2005), those
of C. rafinesquii are surrounded by closed canopies. The
apparent fission-fusion behavior of colonies, coupled with
low daily fidelity shown by individuals and colonies to tree
roosts highlights the importance of stands surrounding cavity
trees. Opportunity to enhance thermoregulation may lead C.
rafinesquii to seek different tree roosts at different times of
the year and may possibly explain movements by individuals
in the short term. Based on my review of the literature,
conservation of tree-roosting C. rafinesquii populations is
not likely to succeed by merely protecting single-roosting
structures. Instead, managers will benefit by identifying,
retaining, and understanding the relationships among
patches of roosting habitat, consistent with the blueprint for
successful conservation of diverse tree-roosting bats that
depend on forests (Brigham 2007).

Effective survey techniques to assess and monitor abundance
of C. rafinesquii in BLHs and upland mixed pine-hardwood
systems continue to be developed (Clark 2003, Clement
and Castleberry 2011). Research should be directed toward
investigating the interaction of roost density and quality
with the local abundance of bats. For example, the efficacy
of artificial roosts to adequately compensate for diminished
supply of natural structures should be evaluated. The

extent to which the internal microclimate of a tree cavity
determines its value as a roost should be measured during
the reproductive season and winter hibernation period,

and applied to both solitary individuals and colonies. As
fragmentation of remaining forests continues, and managed
lands are expected to provide multiple uses on decreasing
available acreage, roost selection at larger spatial scales
should be explored.
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Abstract—Big-eared bats of the genus Corynorhinus occupy a specialized feeding niche due to their possession of
enlarged and elongated ears and their use of low-intensity echolocation calls. These adaptations, along with passive
listening to locate moving prey, allow Corynorhinus to effectively use both gleaning and aerial hawking foraging strategies
in specializing on the capture of moths. A total of 114 species/genera and 11 families of moths are recorded in the diet of
eastern Corynorhinus, along with 11 other orders of insects. Lepidopteran prey comprises > 80 percent volume of the diet
of all Corynorhinus species. Noctuidae are the most commonly eaten moths at > 39 percent for eastern Corynorhinus, with
Geometridae, Notodontidae, Sphingidae, and Arctiidae comprising > 10 percent of the culled wings found beneath feeding
perches of at least one Corynorhinus species. Average maximum wingspan size for all species eaten is 47.0 mm + 1.3 (SE),
and eastern Corynorhinus differentially select by size from among available moth prey within the Geometridae, Noctuidae,
Sphingidae, Arctiidae, and Saturniidae. Average foraging area size appears to be greater for Rafinesque’s big-eared bats

(C. rafinesquii) (137.4 ha) than for Ozark big-eared bats (C. townsendii ingens) (71.5 ha) and average maximum flight
distances are shorter for eastern Corynorhinus (1 to 6.3 km) than western big-eared bats (C. t. pallescens) (14.7 km), which
occupy pine forests throughout much of Western United States. Edges at the forest-clearing interface and both forested

and riparian corridors are habitats consistently selected by Corynorhinus when foraging. Nevertheless, edge habitats are
avoided and riparian habitats preferred by most families of moths eaten by eastern Corynorhinus, suggesting selection of
foraging habitats by Corynorhinus is predicated on both structural configuration of the habitat, i.e., availability of vertical
and horizontal surface area for gleaning, and the local abundance of preferred moths. The majority (> 71 percent) of moth
species eaten by eastern Corynorhinus depend entirely on woody plant hosts for their larval development. Nineteen species
(16.7 percent) of moths eaten by eastern Corynorhinus are pests in the larval stage, thus, these bats may serve as natural
controls of pest species in areas where they occur. Long-term conservation of eastern Corynorhinus will require managing
forested habitat in ways that promote local woody plant diversity, sustaining indirectly the diversity of moth species in

landscapes where these bats feed.

INTRODUCTION

North American big-eared bats of the genus Corynorhinus
are one of five genera that comprise the plecotine group or
“long-eared bats” (Koopman and Jones 1970) within the
family Vespertilionidae. Corynorhinus occupy a specialized
feeding niche as lepidopteran specialists (Hurst and Lacki
1997, Lacki and others 2007, Ross 1967), which is facilitated
by possession of enlarged and elongated pinnae or ears
(Handley 1959); their use of low intensity echolocation
calls (Griffin 1958, Grinnell 1963, Obrist and others 1993);
and their ability to use passive listening to locate stationary
prey (Fenton 1984). These adaptations along with their
occurrence in North America, where the number of species
of bats that glean is fewer than in other regions of the
northern temperate zone (Swift 1998), allow Corynorhinus
to effectively use both gleaning and aerial hawking foraging
strategies in the successful capture of moths (Fenton 1990,
Kunz and Martin 1982). Nevertheless, recent studies have
added greatly to our understanding of foraging behavior,
habitat use, and diet of eastern Corynorhinus. In this paper
we: (1) overview morphological adaptations associated with
foraging in eastern Corynorhinus, (2) evaluate data from
dietary studies, (3) describe activity patterns as they relate to

foraging, (4) review studies that address foraging habitat use
and aboveground movement, and (5) discuss the implications
of these findings with respect to conservation needs of these
bats. Where appropriate, data for Western North American
species of Corynorhinus are compared, along with findings
from studies on other plecotine bats.

MORPHOLOGY AND GLEANING

Plecotine bats, including all bats of the genus Corynorhinus,
possess a suite of morphological adaptations that facilitate
foraging tactics which involve slow-maneuverable flight,
where prey can be captured in air or from the surface of
objects. The long ears or pinnae are part of an auditory
system that is highly sensitive to low-frequency sound,
including frequencies below those used in echolocation
(Swift 1998). Coles and others (1989) demonstrated that the
large pinnae in the brown long-eared bat (Plecotus auritus)
produce acoustic gains up to 20 dB at frequencies between
8 and 20 kHz. This enhanced sensitivity at low frequencies
likely aids in detection of prey moving on substrate surfaces,
but also permits Corynorhinus species to use low-frequency
calls (ca. 20 kHz) of low intensity during echolocation
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(Grinnell 1963, Kunz and Martin 1982). Plecotine bats,
including Corynorhinus, also possess enlarged nostrils which
are believed to be used in the production of ultrasonic sounds
(Howard 1995, Swift 1998). Long ears impart constraints
due to the drag produced in flight that results in higher
energetic costs (Norberg 1976) especially as flight speeds
increase (Rayner 1987). Thus, use of low-frequency sounds
during echolocation combined with a slow agile flight, allow
Corynorhinus to effectively use their enlarged pinnae in
locating and capturing prey resting on substrate surfaces,
while minimizing energetic costs due to drag.

Corynorhinus possess wingspans and wing areas that result
in relatively low wing loadings [Townsend’s big-eared bat
(C. townsendii): 0.052 to 0.087 gr/cm?, Farney and Fleharty
(1969); Rafinesque’s big-eared bat (C. rafinesquii): 0.057 to
0.077 gr/cm?, Jones and Suttkus (1971)]. Low wing loadings
aid in maneuverability in flight, and in the use of hover-
gleaning to catch prey from surfaces (Norberg and Rayner
1987). Wing loadings are higher for newly volant young,
due to smaller wing areas (Jones and Suttkus 1971), and this
likely hinders flight capability in young bats until the wings
are fully developed; around 25 days after birth in brown
long-eared bats (De Fanis and Jones 1995).

Swift (1998) has detailed the advantages of gleaning as

a foraging strategy. Gleaning bats are not dependent on
having insect prey actively flying during foraging bouts,
thus, gleaning bats can feed later in the night and at cooler
temperatures than bats which rely solely on aerial hawking
to capture prey. Barclay (1991) demonstrated that gleaning
bats were able to reproduce successfully in cooler climates
when aerial-hawking bats did not; he attributed this pattern
to the ability of gleaning bats to forage successfully on
more nights and for a longer period of the season than
aerial-hawking bats. Gleaning also permits larger prey,
including moths, to be captured and consumed as they do
not have to be handled or carried in flight (Swift 1998).
Lacki and others (2007), however, have suggested that even
among gleaners there appear to be upper limits to the size
of prey captured and eaten. Moths at rest are especially
vulnerable to gleaning bats because species that are capable
of detecting and reacting to bat calls have few options for
escape when at rest (Werner 1981). Existing data indicate
that moths have yet to develop adequate defenses against
gleaning bats (Swift 1998), and because of this gleaning
bats have been labeled “predatory cheaters” in the evolution
of bat-moth interactions (Faure and others 1993).

SPECIALIZATION ON LEPIDOPTERA

Lepidopteran prey comprise > 80 percent volume of the diet
of all Corynorhinus (table 1), consistent with the suggestion
that Corynorhinus bats are “foraging specialists” (Lacki and
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others 2007). Data indicate these bats also feed on 11 other
orders of insects, including some at > 10 percent frequency
in the diet such as Coeloptera, Diptera, Homoptera, and
Blattodea. It is likely that these groups are captured
opportunistically. Spiders (Araneae) are a prey group used
as an indicator of gleaning in insectivorous bats (Whitaker
2004). In Corynorhinus, spiders have only been found in the
diet of Virginia big-eared bats (C. ¢. virginianus) and only at
<0.02 percent volume (Sample and Whitmore 1993), further
evidence that Corynorhinus bats are lepidopteran specialists.
Based upon combined data for percent volume and percent
frequency, it appears that Townsend’s big-eared bat, western
big-eared bat (C. t. pallescens), and the Virginia big-eared
bat eat moths more exclusively than do Rafinesque’s big-
eared bat and the Ozark big-eared bat (C. t. ingens). The diet
of the Mexican big-eared bat (C. . mexicanus) has yet to be
studied (Tumlison 1992).

Other members of the plecotine group (Plecotus) do not
exhibit the same degree of specialization for moths observed
in Corynorhinus (Swift 1998). For example, Lepidoptera are
< 41 percent frequency of the diet of brown long-eared bats in
Scotland (Swift and Racey 1983), Sweden (Rydell 1989), and
Ireland (Shiel and others 1991). Populations of the grey long-
eared bat (P. austriacus) in Czech Republic eat lepidopterans
at only 72 percent frequency of the diet (Bauerova 1982).
Swift (1998) hypothesized that the degree of specialization
for moths observed in Corynorhinus, not seen in other
plecotine species, is a direct result of a lower density of
gleaning species in North America relative to other temperate
zone regions, leading to reduced interspecific competition for
the gleaning foraging niche among North American bats.

Early studies of the diet of Corynorhinus based their findings
on bats captured or collected during flight, resulting in
limited data due to difficulty of capture and the tendency for
these bats to possess empty stomachs (Ross 1967, Whitaker
and others 1977). Ross (1967) concluded from the limited
samples obtained that western Corynorhinus ate mostly
moths and emphasized microlepidopterans (wingspan = 3 to
10 mm) in their diet. Subsequent studies demonstrated that
eastern Corynorhinus use feeding roosts, i.e., sites where
bats perch to eat their prey and discard inedible parts such

as wings or elytra, especially along cliffs and canyon walls
(Lacki and LaDeur 2001, Lacki and others 1993). Surveys at
feeding roosts of eastern Corynorhinus have demonstrated
consumption of 114 species/genera and 11 families of moths
by these bats (appendix). Most species of moths recorded in
the diet of these bats are macrolepidopterans, with an average
wingspan of 47.0 mm =+ 1.3 (SE); much larger than the 6-mm
average proposed by Ross (1967) for western big-eared

bats. However, microlepidopterans have also been recovered
beneath feeding roosts of eastern Corynorhinus including
Lasiocampidae, Lymantriidae, Me