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Abstracts of Papers Presented at the
32nd Annual North American Symposium on Bat Research

Held November 6-9,2002, in Burlington, Vermont

The abstracts are listed in alphabetical order by first author.
* designates student award-winning papers.

Use Patterns, Roost Parameters, and Human Impacts at Two Townsend's
Big-eared Bat Maternity Sites

Adams, Rick, Toni Piaggio, and Cary Richardson
University of Northern Colorado, Greeley, CO, University. Of Colorado, Boulder, CO;

City of Boulder Open Space and Mountain Parks Depl , Boulder, CO

In Spring 2002 we initiated a study of two cave sites used by Corynorhinus townsend;;
outside of Boulder, Colorado. In 1997, Harmon Cave was gated to protect a maternity colony of
about 25 C. townsendii. The other site, Mallory Cave, has had in place for two years a "seasonal
closure" making the site legally off-limits to the public from April 1 until October 31. The
closure was put in place to protect a colony of approximately 15 C. tawnsendii from human
disturbance. The goal of the project was to quantify the amount of human impact at these sites
after protective measures were in place, to assess usage patterns of the colonies of each site, and
to compare the climatic conditions with each cave relative to the known preference of C.
townsendii published in the literature. We placed two Lucet Instruments, TemperaturelHumidity
data loggers at each end of the larger cavern, Mallory Cave, and a single data logger in the
smaller cavern, Harmon Cave. We placed pressure-sensitive footpads to measure disturbance at
both caves, and we documented the presence and absence of the colonies bi-weekly. Results
indicate that Mallory Cave, the ungated site, fits the climatic profile associated with this species'

preferences for roost sites. Temperature on average was 11°C lower at Mallory than at Harmon
and humidity was on average 15% higher at Mallory than at Harmon. There was also variation
within Mallory, with the north end of the cave having the lowest average temperature and highest
average humidity which corresponded to where the colony was usually hanging. As for human
disturbance, few visits by humans occurred at the gated Harmon Cave, and since the seasonal
closure was instigated at Mallory, few bats have been observed at Harmon as well. At Mallory
Cave, apparently the preferred site for Townsend's bats, the seasonal closure was successful in
deterring human impact. For example, before the closure was in effect, the foot-pad counter
inside Mallory Cave registered 428 passes between 3/29 and 4/12, whereas after the closure, the
most passes registered was 28 between 7/7 and 7/23. This is a reduction of approximately 93.5%
of passes into and out of the cave. It appears from our data that seasonal closures can be an
effective and affordable means for colony protection when funds are not available for gating
procedures. However, because the closure did not deter all incursions by humans into the cave,
the colony is still considered "at-risk."

Molecular Systematics of the Genus Eunwps
Ammerman, Loren K. and Rogelio M. Rodriguez, Angelo State University, San Angelo, TX

The family Molossidae includes at least 13 genera and 86 species of free-tailed bats. There are at
least 8 species in the new world genus Eumops (bonneted bats). This genus is more variable
(both morphologically and karyotypically) than most other genera ofmolossids. Eumops species
range in forearm size from 37 to 83 mm and there are few well-defined synapomorphies for this
genus. Eumops species also exhibit both ancestral and derived karyotypes. A robust hypothesis
of Eumops species relationships will provide a framework on which to interpret karyotypic
evolution and morphological changes within this group. The objective of our study was to use
molecular data to test the relationships among Eumops species that have been proposed by mor-
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phometric data. We included 8 species of Eumops and 4 outgroups (Tadarida, Nyctinomops,
Promops, and Molossus) in our analysis. We analyzed DNA sequence from both the
mitochondrial and nuclear genomes. A total of approximately 2500 bp from the NOI gene and
beta-fibrinogen intron 7 was collected. Preliminary phylogenetic analyses of both individual data
sets and combined data sets were conducted using parsimony and maximum-likelihood analysis.
Our results will be examined for congruence with previous branching patterns proposed for this
genus.

The Assessment and Monitoring of a Neotropical Bat Community in the
Context of an Undergraduate Field Course

Audet,Doris,AugustanaUniversityCollege,Camrose,AB

We initiated a multi-taxa biodiversity survey in a private forest reserve of northwestern Costa
Rica, as part of an undergraduate field course on tropical ecology and conservation. Bats
constitute one of our focal groups in that course which largely follows the methods of Rapid
Biodiversity Assessments (RAPs). In 14 nights of sampling with mist-nets at ground level, we
captured 15 bat species from four families and as many trophic groups. This represents 23% of
the species known to occur in the broader geographic region. Our sampling efficiency
approaches that of published RAP surveys. The relative abundance of bat species at our site
resembles that of moderately disturbed areas and our samples included two species of
phyllostomine bats, infrequently captured at highly disturbed sites. Further sampling in the forest
reserve will provide the data base necessary to use species accumulation models to estimate bat
species richness and allow us to better interpret the species abundance patterns. The RAP
methodology provides an effective structure to the design of field projects for the students and
allows us to make the information on biological diversity that we gather during the course
available to those interested in the conservation and sustainable development of the region.

Habitat Use by Insectivorous Bats in a Mega-urban Environment
Avila-Flores,Rafael,YorkUniversity,Toronto,ON

I analyzed the patterns of summer bat activity in Mexico City, one the most complex and
chaotic cities of the world. To test the hypotheses that bat activity is not equal along the urban
mosaic, and that species are not equally tolerant to urbanization, I compared activity of
insectivorous species producing high intensity echolocation calls in four urban spatial features:
large parks (> 100 ha), small parks « 10 ha), well-illuminated open areas, and well-urbanized
residential zones. A Petterson 0980 bat detector was used to monitor bat activity twice a night
every fifteen days in 12 sites per habitat, between late May and late August 2002. Additionally
12 sites located in a close natural pine-oak forest were monitored for comparison. A total of
3,600 one-minute sequences (720 minutes per habitat) were recorded and analyzed. Total bat
activity was significantly higher (H = 16.7, d.f. = 4, P = 0.002) in large pmks (45% of the total
number of bat passes) and open illuminated areas (30% of passes), being even higher than activity
in natural forests (18%). Small parks were slightly used (8%), and residential areas were almost
not used (1%). The feeding buzzeslbat passes ratio suggest that large parks were used more as
foraging areas by insectivorous bats (ratio = 0.19). Illuminated areas (0.07) and natural forest
(0.10) had ratios similar to others previously reported, but small parks and residential zones were
not used at all for foraging. At least 11 "sono-species" were detected in the Mexico City area,
probably corresponding to 3-6 true species. Based on multiple quantitative call analysis, and
considering the commonest species captured in Mexico City, I assigned these sono-species to
three taxa: Tadarida brasiliensis, Nyctinomops macrotis and Myotis spp. T. brasiliensis and N.
macrotis were mostly detected in urban habitats (95% and 82% of the passes, respectively), more
frequently in large parks and open illuminated areas. Large parks were the only urban habitat
actively exploited by Myotis spp. (50% of the passes), in the same proportion than the natural
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forest. Our results support the idea that concentrations of insects around street-lamps are more
often exploited by fast-flying species such as molossids, and also confirm that Myotis species are
highly sensitive to urbanization. Ecological, functional and technical reasons are discussed to
account for these patterns. As this work demonstrates, urban green areas are essential to maintain
a more complete bat fauna in the cities.

Importance of Slope Position and Bark Type in Selection of Day Roosts
by Female Myotis volans

Baker, Michael D. and Michael 1.Lacki, University of Kentucky, Lexington, KY

We radio-tracked 58 female Myotis volans to day roosts on the Wenatchee National Forest in
south-central Washington in 2001 and 2002. Female M. volans roosted in 133 trees, primarily
snags, of six species of trees and periodically roosted in rock crevices. We used Chi-squared tests
of independence on the number of bat roost-days among reproductive condition classes to
identify patterns related to slope position of the roost tree (upslope versus stream bottom), bark
type (loose versus tight bark), and size of flyouts observed from the roost tree (::: 10 bats or large
flyouts versus < 10 bats or small flyouts). Female M. volans frequently switched roosts with
individual bats returning to the same roost tree for an average of 2.98 ± 0.19 days. Roost trees
used by female M. volans were nearly evenly distributed with· regard to slope position, with
52.6% of roosts situated upslope and 47.4% of roosts located in stream bottoms. Loose bark
trees, Pinus ponderosa, comprised 45.1% of roost trees, whereas tight bark trees, primarily Abies
grandis, comprised 54.9%. Most roost trees (78.2%) had flyouts of < 10 bats. Fewer bat roost
days of pregnant females occurred in trees situated on upper slopes than expected, whereas more
bat roost-days of lactating and post-lactating females occurred in trees on upper slopes than

2
expected <x. = 33.4, df = 3, P < 0.0001). Fewer bat roost-days of pregnant females and more bat

roost-days oflactating females occurred in loose bark trees than expected ('1: = 33.4, df = 3, P <
0.0001). More bat roost-days oflactating females occurred in trees with large flyouts (·l = 27.3,
df = 3, P < 0.0001). We hypothesize that shifts in the selection of roost trees by slope position
by female M. volans from pregnancy through lactation and post-lactation, may be related to
differences in available roosting temperatures among trees in different slope positions. Moreover,
the bark of dead P. ponderosa typically exfoliates from the bole of the tree in relatively large
plates that create more roosting space. In contrast, the bark of Abies grand is, Pseudotsuga
menziesii, and other tight bark tree species, exfoliates in relatively smaller sections. Our data
indicate that female M. volans may become more communal during lactation than during
pregnancy, and select P. ponderosa during lactation because of the greater availability of roosting
space beneath the large plates of exfoliating bark.

The Gleaning Bat's Dilemma - Listening to Prey-generated Sounds and Echoes
at the Same Time: Behavioral Evidence from Antrozous pallid us

Barber, Jesse, Khaleel Abdulrazak, and Zoltan Fuzessery, Wake Forest University, Winston-Salem
NC; University of Wyoming, Laramie WY

Most bats use echolocation to image both environment and prey. However, echolocation has
limitations when used to locate prey amongst clutter. In response to this sensory problem, some
gleaning bats listen passively to localize prey-generated sounds. This adaptation most likely
results in situations where the bat receives prey-generated and echolocation information within
short time intervals. Human research on auditory scene analysis suggests that only one acoustic
stream can be processed at a time. This hypothesis was tested in the pallid bat, an obligate
gleaner, which listens to prey-generated, low-frequency (1-30 kHz) noise transients to obtain
food, while reserving echolocation ( 30-60 kHz) to avoid obstacles. Pallid bats were trained to
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localize the source of a brief noise burst from an array of 15 speakers while echolocating an array
of vertical wires. The performance of the bat while performing both tasks was compared to
single task controls. Results show that sound localization accuracy decreased when the bat was
forced to listen to noise and avoid obstacles. However, obstacle avoidance acuity demonstrated
little change. Interestingly, the pallid bat increases the time between emitted pulses when
performing both auditory tasks in a small time window. This behavioral strategy may indicate a
central processing limitation, as the bat appears to be maximizing the amount of time available
between returning echoes to process noise.

Variation in the Reproductive Rates of Bats: Correlations and Life-history Implications
Barclay, RobertM. R, Joel Ulmer, Cameron 1. A MacKenzie, Megan S. Thompson, LeifOlson,

Julianne McCool, Elvie Cropley, and Graeme Poll, University of Calgary, Calgary, AB

The life histories of bats are unusual for small mammals in that they involve small litters,
slow growth and maturation, and relatively long lifespans. One aspect of the life history of bats
that has not been examined is the proportion of females that reproduce during any particular
breeding season (i.e. reproductive rate or fecundity). To address this gap in our knowledge and
test predictions based on life history theory, we collected data from the literature, unpublished
reports, and unpublished data. We obtained infonnation for 76 species of bats in 8 families.
Over all studies, an average of 85% of adult females reproduced in a breeding season. This rate
varied significantly with latitude and family. As we predicted based on variation in seasonality
and energy constraints, reproductive rate declined with latitude: mean rate among species near

the equator was 87.5%, but only 74% at latitudes between 46° and 51°. When this effect was
controlled for, species of emballonurids and phyllostomatids had significantly lower reproductive
rates than did hipposiderids or vespertilionids. There was no effect of bat mass or diet. There
were significant year-te-year variations in reproductive rate within populations at the same
location, especially at higher latitudes; in some years less than 50% of females reproduced. We
suggest that as with other aspects of their life history, female bats are similar to females of large
mammals and forego reproduction when conditions are unfavourable. This is in accordance with
life history theory for species, such as bats, in which adults have a low risk of mortality from
external factors while juveniles have a higher rate of mortality. Under such conditions, adult
females should invest in self maintenance to increase their chance of survival and future

reproduction, rather than investing in offspring that have a low chance of survival.

The Great Smoky Mountains Bat Blitz of 2002
Belwood, Jacqueline J., Cincinnati Nature Center, Milford, OR

In 1998, the Great Smoky Mountains National Park (GSMNP) began an All Taxa
Biodiversity Inventory (ATBI). The goal of this 15-year project (www.discoverlife.org), which is
a model for research in biodiversity, is to inventory every living thing in the Park. Most ATBI
surveying and inventorying takes place during taxon-specific "bie-blitzes" that allow large
numbers of biologists and volunteers to converge on the Park for three to five days of collecting
activities. Past blitzes have focused on beetles, fems, snails, moths and butterflies, protists,
millipedes, and slime molds, among others. At an annual ATBI meeting in December 2001, non
bat biologists noted difficulties inherent in obtaining live bats from which ectoparasites,
endoparasites, and other associated organisms and specimens can be obtained. This has resulted
in bat-related gaps in ATBI inventories. In response to this concern, a "Bat Blitz" was organized
and took place at the GSMNP between 17 and 20 June 2002. During this time, 26 biologists from
nine institutions mist-netted or trapped 205 bats in 12 locations in the Park. Members of seven
bat species were captured and examined, including endangered Indiana Bats and a Rafinesque's
big-eared bat. No new bat records were added to the ATBI inventory, but large numbers of other
organisms and samples were obtained for study by biologists at an additional five institutions.
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Samples collected include: ectoparasites, feces (for endoparasitic scans and Archaea), blood (for
blood parasites), and tissue and fur (for genetic analysis). Bat guano, containing large numbers of
free-living invertebrates, was also obtained from a well-established little brown bat roost. As part
of the Blitz, a lactating Indiana Bat was radio-tracked to a dead pine tree containing 15 additional
bats. In addition to providing material for the ATBI, the Great Smoky Mountains Bat Blitz of
2002 provided an opportunity for a large number of bat biologists to work together in the field,
some for the first time, and exchange ideas and information as well as tips on field techniques and
equipment It was also the impetus for the presentation of several educational programs to local
high school students in residence at the University of Tennessee for the summer. The Blitz
received considerable media attention and generated several newspaper articles favorable to bats.
More Bat Blitzes are planned for the future.

Do Echolocation Calls Provide a Good Indication about which Species of Bats
Occur in an Area?

Biscardi, Stefania and Jazmine Orprecio, York University, Toronto, ON

Some bats produce high intensity echolocation calls with low variability in call parameters,
allowing some species to be correctly identified by their calls. However, for many species the
combination of call variability and local high diversity of species could make such identification
problematic. The objective of this study was to investigate the efficiency of analyzing high
intensity echolocation calls as a tool for identifYing species of molossids (3) and emballonurids
(5) at sites in Belize, the Brazilian Amazonia, and Mexico City. Calls were recorded with a
Pettersson D980 bat detector connected to a laptop computer running Bat Sound Pro software
through a filter and an Ines DAQ i508 high-speed card. For 27 sequences we analyzed 10 calls
from each sequence. We measured the frequency with most energy (kHz), the highest and the
lowest frequencies (kHz) and call durations (ms) and noted the presence or absence of harmonics.
A MANOV A indicated significant differences between species, particularly in duration, and
lowest frequency. We then used a Discriminant Function Analysis (DFA) to test species
identification by call features. Our data show that some species can consistently be identified by
their calls while others show geographic variation in diagnostic call features. Still other species
produce a variety of calls making the task of identification much more difficult.

A Comparison of Foraging Behavior Between Adult and Juvenile Little Brown
Bats (Myotis lud/ugus). Evidence for Learning Behavior?

Bonney, Caitlin E., Jason W. Horn, and Thomas H. Kunz, Boston University, Boston, MA

The little brown bat (Myotis lucifugus) is among the insectivorous bat species that form
summer maternity colonies. It has been suggested that favorable conditions for gestation and
location, information transfer, and proximity to food resources are key reasons for this communal
behavior. It is unclear, however, if learning behavior between mothers and pups influences the
formation of these maternity colonies. We hypothesized that patterns of nightly foraging
behavior might provide an. opportunity for learning between adults and juveniles within a
maternity colony. We used radio telemetry to monitor the nightly activity of nine M. lucifugus
from a maternity colony of approximately 800 individuals in southern New Hampshire. Three
adult females, three juvenile females, and three juvenile males wcie tracked simultaneously for
six consecutive nights in late July 2002. We radio-tracked all nine individuals from two fixed
locations for 2.5 hours after evening emergence, and again for 2.5 hours in the early morning.
Using passive integrated transponders (PITs), we also recorded the emergence and return
behavior of approximately 400 bats, including the nine radio-tagged individuals. Preliminary
observations suggest that individuals were habitual in their use of nightly activity areas and
duration of foraging bouts. Juvenile males continued to forage in the same areas even after
dispersing from maternity colony to roost elsewhere during the day. PIT records provide a larger
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sample for comparison of adult and juvenile male and female activity budgets. Males appear to
become solitary soon after weaning, suggesting a reduced role for colonial behavior in juvenile
learning. Learning by females may contribute to the formation of maternity colonies, or learning
may be a consequence of colonial behavior.

Intensity Compensation in Daubenton's bats Myotis daubentonii
Boonman, Arjan and Gareth Jones

University ofTiibingen, Tuebingen, Germany; University of Bristol, Bristol, UK

Most echolocating bats use intensity compensation when they approach a prey. Eptesicus
fuscus and Nocti/io /eporinus lower the intensity of consecutive emissions by 6 dB per halving of
target distance (Hartley et al., 1989; Hartley, 1992). In our study we found that Myotis
daubentonii uses an intensity compensation of 4 dB per halving of target distance [Journal of
Experimental Biology, 205 (18)]. Reflected intensity from a target is not used by Myotis
daubentonii to trigger intensity compensation behavior. Target strength was found to be
irrelevant for the distance at which the bats initiated intensity compensation behavior. Reflected
intensity from the target is also not used to fine tune the intensity compensation behavior between
and within flights. Bats did not raise their intensity when attacking weakly reflecting targets. We
were unable to find convincing evidence that the erratic intensity compensation over time
matched the changing distance from bat to target, which would indicate a feedback of positional
information to regulate intensity compensation. Therefore, neither the triggering nor the
execution of intensity compensation behavior appears to occur in harmony with changing
intensity in the bat's environment. No evidence thus far exists for the hypothesis that FM bats
use the reflected intensity of the environment (in our case prey) to guide their flight.

Spring Roosting Ecology of Female Indiana Bats (Myotis sodalis) in the
Northeastern United States

Britzke, Eric R., Alan C. Hicks, S. von Oettingen, and Scott R. Darling
Tennessee Technological Univ., Cookeville, TN; N Y Dept. of Environmental Conservation, Albany,

NY; US Fish and Wildlife Service, Concord, NH; Vennont Fish and Wildlife Department, Pittsford, VT

With the development of radio transmitters suited for the study of bats, extensive effort has
been directed towards their roosting ecology. In the eastern United States much emphasis has
been placed on the federally endangered Indiana bat (Myotis soda/is). After spending up to 6
months in hibernation, female Indiana bats migrate up to 500 kIn from hibernacula to maternity
range. However, little attention has been paid to roosting ecology during this migratory period,
when only depleted energy reserves are available. In April 2002, we captured Indiana bats at
their hibernacula in northern New York prior to emergence. Bats were sexed, weighed,
measured, and banded with an aluminum band. We also attached 0.50 gram radio transmitters
(Holohil Systems, Ltd.) to the backs of 19 female bats using surgical glue. An airplane was used
to determine the approximate location of transmittered bats. Each bat was then tracked from the
ground to locate the specific roost occupied. Bats were tracked for a total of 232 bats days (1 bat
located for one day). Thirty-nine roost trees were discovered at 15 sites in northeastern New
York and western Vermont. Of the 11 species of trees utilized, the shagbark hickory (Carya
ovata) was the most commonly used (33% ofall trees). Exit counts ranged from 1- 43 bats. This
study documents an extensive investigation into the roosting ecology of female Indiana bats
during the spring migration period.
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Thermally Challenging Roosts: Evidence for Daily Dehydration Effects in the
Angolan Free-tailed Bat, Mops condyluTus

Buffenstein, Rochelle, Shane K. Maloney, Rodney Bally, and Gary N. Bronner, City College of New
York, NY; University of Western Australia, Aus.; University of Fort Hare, South Mrica; University of

Cape Town, South Mrica

The Angolan free-tailed bat (Mops condy/urus) uses roosts that often exceed 40°C, an
ambient temperature lethal to many microchiropterans. We measured urine and plasma
concentrations, fecal water content and hematocrits in free-ranging free-tailed bats as well as rates
of evaporative cooling at high ambient temperatures. Samples were collected in both autumn and
summer from bats caught emerging from roosts before feeding (pre-feeding), and those returning
after foraging (post-prandial). Fecal water content was unchanged with season. Evaporative

water loss was moderate at 45°C with both panting and sweating evident. Post-prandial bats
exhibited higher body fluid concentrations, but lower hematocrits, than individuals caught prior to
feeding. This is indicative of raised excretory mineral and nitrogenous loads and replenished
body water pools as a result of nocturnal foraging. In autumn, urine/plasma (DIP) ratios
increased from 7.4 to 9.0 with feeding, while in summer UIP ratios showed a smaller increment
(7.9 to 8.4) owing to greater urine and plasma concentrations in bats caught emerging from their
roosts before feeding. Pre-feeding summer urine osmolalities, and post-prandial urine
concentrations in both autumn (2997.65 + 647.00 mMollkg; n = 12) and summer (2705.21 +
577.33 mMollkg; n = 8), exceeded the maximum (2634 mMollkg) predicted from renal
morphology. This reflects the pronounced dehydration stresses within hotter roost microclimates,
and a moderate kidney concentrating ability in this species. Faced with a thermally-challenging
roost milieu on a daily basis, free-tailed bats compensate for an only moderate kidney
concentrating ability through behavioral means, physiological mechanisms such as adaptive
hyperthermia and tolerance of daily changes in plasma concentration and hematocrit. Although
tolerant of cyclic dehydration and rehydration during feeding, these bats may lack the
physiological resilience to sustain water balance should more debilitating conditions prevail, or if
prevented from feeding. It therefore seems likely that Angolan free-tailed bats may need to
forage regularly not only for energetic reasons, but also to meet the daily water needs associated
with the hot roost microclimate.

Identifying Bats Using Computerized Analysis and Artificial Neural Networks
Burnett, Stephen C. and W. Mitchell Masters

Clayton College & State University, Morrow, GA, The Ohio State University, Columbus, OH

There is continued interest in censusing bat populations in the least invasive way possible, a
desire that is hampered by the ecology of chiropterans. Our previous work suggested that
artificial neural networks (ANN's) might be capable of censusing big brown bats (Eptesicus
fuscus) based solely on their echolocation calls. This initial work used recordings made under
laboratory conditions, a fa~t that limits our ability to extrapolate these results to field conditions.
Advances in ultrasonic recording equipment have made it possible to record bats under field
conditions and automatically extract and analyze those calls with minimal intervention by the
researcher. This allowed us to record calls in more natural situations, allowing us to extend the
results to conditions researchers are most likely to encounter. We used calls recorded from big
brown bats in central Ohio to test the ability of a self-organizing map (SOM) ANN to count the
number of bats. Results with field recordings were superior to those obtained with laboratory
recordings, suggesting that this technique might be useful for censusing bats under field
conditions. In addition, we attempted to ascertain whether individual signatures in echolocation
calls of E. fUscus might persist for extended periods of time. We examined laboratory recordings
from bats recorded on repeated occasions at intervals between one month and five years to test
the ability of ANN's and discriminant function analysis to assign calls to the correct bat. Our
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results suggest that it might be possible to identifY a bat from recordings made within the
previous few months, but longer intervals between recordings resulted in calls that could not be
distinguished from unfamiliar animals.

Surveying the Behavior of Bats Crossing a Two-lane Highway and an Open Field
Butchkoski,CalvinMo,PennsylvaniaGameCommission,Petersburg,PA

A maternity roost, inclusive of 50-banded Indiana bats (Myotis sodalis) and a large colony
(estimated at 20,000) of little brown bats (Myotis lucifugus), is located in the attic of an old wood
frame country church at Canoe Creek State Park, Blair County, PA. This church is located about
0.5 km north of a major (>9,000 vehicles per day) U.S. highway, Route 22. Trees and brush
border both sides of this road. Bats exiting the trees on the north side of the road have to cross a
20 m wide opening before they enter the trees on the south side of the road. Previous radio
telemetry and visual observations documented numerous bats crossing this road. All
transmittered Indiana bats crossed this road to access a major foraging area southwest of the
church. One monitored Indiana bat female crossed the highway at least 8 times in one night to
forage, nurse, and roost in the church attic. These observations precipitated surveys of bat flight
behavior as bats traveled across the road, and of road-killed bats. On ten evenings between 15
May and 26 July 2001, surveyors, positioned along a 150-meter length of highway where most
bats were crossing, counted bats by crossing height category. Evening counts ranged from 1,636
to 3,351 bat crosses during a 40-minute period Results indicated that the height of the tree
canopy on each side of the road influenced the crossing heights of bats. Where the canopy is high
(>2Om),bats cross well above the traffic; where the canopy is low (~15m), the bats cross closer to
the traffic. Bats avoided crossing where the canopy was the lowest « 8 m). Between 15 May
and 14 September 2001, on 36 days, searches for road-killed bats were conducted at the 150
meter long major bat road crossing. Fifteen little brown bats and one unidentifiable bat were
found On 29 July 2001, the highway was searched 2.8 kilometers to the west resulting in finds
of eight little brown bats and one Indiana bat. The next day 1.6 kilometers were searched to the
east and resulted in finds of four little brown bats. Initiated by a planned highway upgrade that
would increase the width of the highway opening from 20 meters to ~55 meters, researchers were
engaged by the Pennsylvania Department of Highways to assess the impacts of this road
improvement on traveling Indiana bats. For this study, little brown bats were used as behavioral
surrogates for Indiana bats. A second colony of little brown bats was found in Huntingdon
county about 50 km east of the Canoe Creek colony. These bats traveled across a 55 meter
mowed field to get from day roost to foraging site. Bats at this site exit bat boxes 8 meters high
on a building, travel 45 meters along the side of the building flying less than 4 meters high and
enter a 15 m high tree line. They then exit the tree line and cross a 55 meter mowed field to a 14
m high tree line on the other side. Counts of crossing bats and flight heights were conducted two
evenings (31 July and 8 Aug. 2002) in the middle of the mowed field. On respective evenings,
453 and 1,346 bats were counted with the following flight heights and percentages: 0 to 1m 
56.07%, 31.05%; >Im to 2m - 23.4%, 45.54%; >2m to 4m - 17.0%, 19.02%; >4m to 6m 
3.31%,3.27%; >6m to 8m - 0.22%,0.67%; >8m - 0.0%,0.45%. Over 90% of the bats were
flying lower than 4 meters as they crossed this opening. If this were a highway, most of these
bats would be in harm's way.

Green Bats? Green Algae
Byrnes,DeannaG. Po,Universityof Wisconsin,Madison,WI

The color of mammal fur usually includes neutral blacks, browns, greys, and whites 
sometimes tinged with red and gold. These colors are caused by a few classes of pigment
granules deposited in the medulla and/or cortex of the hair shaft:. With a few exceptions, it is the
pattern of the different colors rather than the colors themselves that catches our eye, for example,
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Pteropus conspicillatus, the spectacled flying fox; Euderma maculatum, the North American
spotted bat, and Melonycteris melanops, the black-bellied bat. The members of the Pteropodid
genera Dobsonia and Nyctimene wear the usual black, brown, and grey pelage, in interesting
patterns. However, some of these species also sport striking green and yellow fur. As I have
reported previously, distinguishing among species in both of these genera relies on problematic
characters such as geographic range, tooth morphology, body size, and fur color, which may vary
with the age and sex of an individual. Though some Dobsonia species are thought to be
distinguishable by the green-ness of their fur (e. g., D. viridis in Flannery 1995), it has been
observed that the green fur color of Nyctimene and Dobsonia can fade to greyish brown in
museum specimens. In this paper I will present evidence that the origin of the green fur color of
the Nyctimene and Dobsonia of New Britain is a symbiotic green algae that live in the fur of these
animals. Starch tests indicate that green algae live within the hollow medulla of the hair shafts of
some Nyctimene, and are associated with the fur of Dobsonia as well. The taxonomy of algae is
even less well understood than that of these bats, and molecular evidence is needed to distinguish
the species of algae before questions about the specificity of the algae-bat associations can be
answered.

Long Term Spatial Relationships of Indiana Bats: A conceptual model?
Carter, Timothy and Eric It.Britzke

Southern Illinois Univ., Carbondale, IL; Tennessee Technological Univ., Cookeville, TN

Since the discovery of the first Indiana bat (Myotis sodalis) maternity colonies in the mid
1970's, research has focused on characteristics of the roost trees used. These colonies used dead
or dying trees that are ephemeral roost sites. As a result of natural circumstances, maternity
colonies move from one roost tree to another. Despite this reliance on ephemeral resources,
current thinking states that Indiana bats are found in certain locations and that they will remain in
these areas for extended periods. With the location of numerous colonies throughout the species
range, we can now start to address the long-term habitat use and distributions of these colonies.
After examining Indiana bat colonies currently under study, historical records of colonies, and
historical survey efforts, we hypothesize that Indiana bat colonies in the long term, are nomadic.
Colonies move across the landscape seeking out areas that have experienced catastrophic natural
disasters (e. g., floods, wind storms, etc.) or human activities that create suitable habitat. During
the relatively short time these areas remain suitable, Indiana bat colonies thrive. As the colony
increases in size and/or as the habitat become less suitable, we suggest that smaller satellite
colonies may leave the area in search of new sites to colonize. If this conceptual model is correct,
long term management and stability of a given colony becomes much more problematic.

Habitat Usage by Bats in the Western O:mrk National Forest, Arkansas
Caviness, Michelle L and Douglas A. James, University of Arkansas, Fayetteville, AR

In the summers of 2000 and 2001, bats were netted in repeat sessions over 20 ponds and
streams at two sites in the western Ozark National Forest, Arkansas. A suite of vegetational
characteristics and other environmental features were measured at each pond or stream. Principal
components analysis of the habitat features used by the bats (six species, 198 individuals caught)
showed that little brown bats (Myotis lucifugus) and eastern pipistrelles (Pipistrellus subftavus)
frequented streams with larger trees and less percent forest in one of the forest units. Eastern
pipistrelles show the same trend at the other site, however, there is some usage of ponds
associated with smaller trees and more open canopy. Red bats (Lasiurus borealiS) used both
ponds and streams, but where canopy was rather open. Evening bats (Nycticeius humeralis)
trended toward ponds in younger forests with lower canopy and few snags. Northern long-eared
bats (Myotis septentrionalis) occurred at ponds in more mature forests with a high number of
snags and a low closed canopy. Big brown bats(Eptesicus jUscus)used only ponds associated with



Roost Fidelity in the Tent-making Bat Artibeus watsoni
Chaverri, Gloriana, Boston University, Boston, MA

small trees and a younger forest and open canopy. Discriminant function analysis identified
species differences with respect to specific habitat factors within the overall patterns described
above.
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Roost fidelity in bats varies widely among species, and has traditionally been associated with
roost permanency and abundance. Some species may use the same roost for several years,
whereas others may change sites daily. Bats that modify leaves, so-called tent-making bats,
appear to use roosts restricted to relatively small areas, and use each tent for several days before
changing to another. The objective of this study was to characterize roost fidelity and dynamics
of tent use in Artibeus watsoni. Bats were radio-tracked at two sites: Golfito Wildlife refuge and
Corcovado National Park, both located in the lowlands of southwestern Costa Rica. Bats were
trapped during the day at their roost using hand nets, and were captured at night using mist nets.
A total of 11 individuals were tracked for a period of four to twelve days (for a total of 1,034
radiotracked days). The sample included non-reproductively active adult females and males,
reproductively active males and females, and juvenile and sub-adult females. Roost fidelity in
this tent-making species was highly variable; some bats changed roosts daily, whereas others
remained in the same tent for as long as six days. Most individuals used tents intermittently,
changing between tents located in a relatively small area. Sometimes they used more than one
tent located in the same plant on different days. No significant differences were observed in tent
fidelity between males or females, or by sexually active or inactive individuals. Degree of
gregariousness did not appear to predict faithfulness to a roost, and bats that remained for longer
periods of time in one tent were usually alone and sexually inactive. Reasons for short-term roost
use may be associated with tent quality, roost availability, parasite avoidance, and investigator
disturbance.

Conservation Takes Flight: Sharing the Importance of Bat Conservation with
our Guests at Disney's Animal Kingdom

Chag, Mark A., Jr., Animal Keeper, Disney's Animal Kingdom

Bat conservation is not a new image on the horizon. People from all levels in the zoological
field have dedicated themselves to this concept for years, teaching people about bats, stressing
their importance to the ecology, and trying to dismiss the destructive myths bats have carried for
as long as they have been flying. Zoo educational programs invite children to the classrooms, bat
rehabilitators take their messages (and even their bats) to the schools, and researchers spend long
dark hours deep in the woods, documenting that small plots ofland are habitats crucial to species
survival. Together we try to shine a little appreciating light on an animal so important to us all,
yet traditionally so neglected, exploited, and feared. At Disney's Animal Kingdom we're
working at various levels to emphasize the importance of bats and their habitats. With the bat
exhibit, staff training, classes, EcoWeb, and through the Disney Wildlife Conservation Fund, we
hope to spread the wings of bat conservation a little further.

Logging Systems and Bat Diversity in Trinidad's Evergreen Seasonal Forests
Clarke, Frank M. and Paul A. Racey, University of Aberdeen, Aberdeen, Scotland, UK

Human activities are increasingly altering tropical forests leading to a reduction in
biodiversity. Timber extraction often results in substantial disturbance to tropical forests leading
to the local extirpation of wildlife. Recently new systems of natural forest management for
timber extraction have been developed that are proposed to be sustainable and compatible with
the maintenance of biodiversity. Neotropical bat communities of tropical forests are species rich
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and trophic ally diverse, with many species playing key ecological roles including pollination,
seed dispersal, and the regulation of insect populations. There is some evidence that tropical bats
may be good indicators of forest health responding in predictable ways to forest disturbance.
Here the result of two years of field-work in Trinidad is presented in which i) the effect of two
different logging systems on bat community organisation and diversity was determined and ii) the
hypothesis that Neotropical bats are good indicators of forest health was tested. Trinidad has a
well-documented, rich, bat fauna of c. 65 species. Part of the Victoria-Mayaro Forest Reserve in
the southeast is logged using two systems of natural forest management. The Open Range
management is a selection system with girth limits for selected timber species in common with
many of the logging systems used throughout the tropics. Lack of adequate control in operating
this method has led to over-exploitation of these forests. More recently, the Periodic Block
system has been developed in Trinidad. The Periodic Block is a polycyclic selection system that
incorporates a set of ecologically sensitive extraction procedures supposed to benefit wildlife.

Effects of Bat Detector Position and Orientation
Corben, Chris, William E. Rainey, Elizabeth D. Pierson, and Leslie S. Chow

University ofCalifomia, Berkeley, CA; Berkeley, CA; U.S. Geological Survey, EI Portal, CA

When passively monitoring bat activity, it is convenient, and therefore common practice, to
place bat detectors on the ground facing up at about 45 degrees. Several investigators have
reported higher detection rates with transducers placed above ground level. We examined how
detector angle and height above the ground affected detection rates for different feeding guilds.
We used Anabat detectors calibrated to operate at the same sensitivity, and deployed these in
arrays so they would simultaneously monitor bat activity from several heights and angles to the
horizontal. We analyzed the resulting data with automated identification software, classifYing bat
calls either to species or to small groups of acoustically similar species. Within the bat
assemblage examined, acoustically similar species commonly flew at similar heights and shared
similar hunting styles. We found that different guilds are better detected by different detector
placements, and that any single detector placement represents a compromise. We discuss how to
place detectors to J:>estmeet different survey goals.

Preliminary Results on Bat Distribution in Relation to Habitat Structure in an
Urban Environment

Cote, Fabienne, Daniel Gagnon, and Michel Delorme
Universite du Quebec IiMontreal, Montreal, Quebec; Biodome de Montreal, Montreal, Quebec

Loss of habitat is considered a major cause of bat decline. In Quebec, where four out of eight
species of bats have been listed as potential threatened or vulnerable species, no studies have been
done to identifY and describe the habitat used by microchiroptera. The results of a network of
acoustic bat inventories, begun in 2000 by the Biodome de Montreal and the Societe de la faune
et des parc du Quebec have been combined with the geographic information system technology
(GIS) in order to analyze the distribution of bats in relation to habitat structure in the Quebec
province. The network of acoustic bat inventories operates with the help of trained volunteers
who record bat calls along 20 km long pre-selected listening routes, in various regions of Quebec,
using a tape recorder connected to an Anabat II echolocation detector. Locations of recorded
calls are determined with a GPS. Inventoried routes and bat call locations are transferred onto

computerized topographic maps installed on the GIS. To describe each route, habitat variables
such as area of wooded zones, fields, open areas. water, buildings, and roads as well as the
position of street lamps are generated by the GIS. Habitat data produced by the GIS will be used
to build predictive models of bat abundance. Preliminary analyses have been conducted only on a
single route located in an urban area in the city of Laval, North of Montreal. Pearson (product
moment) correlations show a significant positive relation between the area of water and the
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abundance of big brown bats Eptesicus fuscus (p = 0.001) and of the silver bat Lasionycteris
noctivagans (p = 0.001). Additionally, a negative correlation is found between the abundance of
E. fuscus and the area of buildings (p = 0.05). Although analyses were conducted for a single
route this year, data from ten different routes, which are part of the network of acoustic bat
inventories, will be available in 2002 and from 14 different routes in 2003. These data will offer
a great potential for increasing our knowledge of bat habitat in Quebec.

Impacts of Landscape Transformation on Bat Activity and Diversity in Puerto Rico
Cruz, Wilmarie and Armando Rodriguez-Duran

Inter American University-San German, PR; Inter American University-Bayamon, PR

We exmnined differences in bat activity among urban, rural, and forest areas on the island of
Puerto Rico, to assess the impact on density and diversity due to human transformation of
landscapes. Four study sites were selected: (1) Mata de Platano Field Station, a forest in the
northern karsts country of the island; (2) Hacienda Buena Vista, a forest in the southern slope of
the Cordillera Central, the island's central mountain range; (3) Hacienda La Esperanza, an
agricultural area in the northern coastal plain; and (4) The Botanical Garden, a wooded area at the
heart of the San Juan metropolitan area. At each site we set 51m of mist nets and an ANABAT
station to assess bat activity. We also ran an ultraviolet light trap to compare insect abundance
among study sites. Preliminary results reveal differences among study sites, showing greater
diversity of species and numbers of individuals in forested areas as compared to transformed
areas. At Hacienda Buena Vista, an abandoned coffee plantation, we captured an average of 13
bats per night, as compared to 0.46 bats per night at Hacienda la Esperanza, a mosaic of active
pastures and a few karstic hills covered by forest. The Botanical Garden revealed a capture rate
as high as that of the forest areas. However, with only four species, the diversity at the Botanical
Garden was as low as that of Hacienda La Esperanza The two forest areas exhibited the highest
diversity, eleven species at Mata de Platano and ten at Hacienda Buena Vista. A total of 13
extant species of bats is known from the island.

* The Unequal Division of Labor: Sex Differences in the Thermoregulation and
Water Loss of Migratory Hoary Bats (Lasiurus cinereus)

Cryan, Paul M., USGS Arid Lands Field StationlUniversity of New Mexico, Albuquerque, NM

Male and female hoary bats, Lasiurus cinereus, differ in distribution on a continental scale in
North America during spring and summer. Dispersing from wintering grounds in Mexico and
California, females apparently travel further than males into more eastern regions. Reasons for
these disparate distributions and movements are unclear, but may partially involve different
energy and water needs. I measured the resting metabolic rate and evaporative water loss of

wild-captured hoary bats over a range of temperatures (0-40° C) using flow-through respirometry.
The majority of females studied (n = 82) were pregnant, whereas males (n = 59) showed no
visible signs of reproductive activity. The mass-specific metabolic rate for normothermic (body

temperature 34-39° C) individuals was lowest between air temperatures of 30-35 ° C. All but one

of the females remained normothermic at low air temperatures « 25° C) by increasing metabolic

heat production, whereas 74% of males became heterothermic (body temp < 34° C) at such

temperatures. Metabolic rates of normothermic bats exposed to 0° C increased 3-fold above

baseline values. At ambient temperatures> 35° C, both sexes showed signs of hyperthermia and
experienced high levels of evaporative water loss. Differences between sexes in warm-season
distribution likely relate to the reluctance of pregnant females to enter torpor, the high cost of
metabolic heat production, and elevated rates of water loss experienced under hot and dry
conditions.

* Paul Cryan received the Bat Research News Award for this presentation.
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Starting a Bat Population Monitoring Project with K-12 Students for Bats on the
Guadalupe River Watershed

Curtis, Laura and Dave Johnston, Santa Clara University, Santa Clara, CA

Other than monitoring bat populations in caves and known roosts, few long-term population
studies have been conducted for bats in North America. Because monitoring for bats is labor
intensive, most of the needed time for the project will need to comprise organized volunteers. We
designed a curriculum for an educational program for elementary and high schools located along
the Guadalupe River in Santa Clara County, California. Our program includes a PowerPoint
presentation highlighting the natural history of bats, species distribution and an explanation of our
project this summer. We emphasize the importance of the scientific method, as well as an
explanation of the methods used in our bat study of the Guadalupe River watershed (e.g., our
methods for the dietary analysis and the macro-invertebrate sampling). The second part of the
program includes a "night in the field" when students and their teachers are taught how to use a
bat detector to document foraging calls and bats emerging from roosts. Water Quality analysis is
also a part of the fieldwork. After spending an evening in the field, interested students and
members of the communitY are recruited to help continue monitoring for bats at designated sites
along the watershed. We hope that by establishing a long-term population study of the Yuma bat
(Myotis yumanensis) with relatively few financial resources, we can provide a working model for
other communities.

A Total Evidence Phylogenetic Hypothesis for the Relationships among
Short-faced Bats (Phyllostomidae: Stenodermatina)

D<ivalos, Liliana M. and Valeria da C. Tavares
Columbia University; Gty University and American Museum of Natural History, New York

The phyllostomid subtribe Stenodermatina comprises eight monotypic genera ranging from
Cuba and tropical Mexico to central Brazil. The relationships among phyllostomids, including all
Stenodermatinae or short-faced bats have recently been studied using morphological and nuclear
DNA characters. Despite these analyses, support values for particular branching arrangements
are low and provide little confidence for testing ecological, behavioral, and biogeographic
hypotheses. We present a novel phylogenetic hypothesis for short-faced bats based on analyses
of mitochondrial and nuclear DNA, and a matrix of 101 unpublished morphological characters.
The "total evidence" phylogeny is consistent with the monophyly of Stenodermatinae, and the
sister relationship between Ardops and Ariteus found by previous studies. Our results, however,
differ in the structure and support for internal nodes. All continental short-faced bats are grouped
in a well-supported clade, and Phyllops is sister to Stenoderma with high support values. Our
extensive data set comprising more that 2500 characters resolves the basal relationships among
short-faced bats albeit with low support values.

Bioacoustics and the Nasal Cavity of Hypsignathus monstrosus
Dawson, Alta E. and Elizabeth R Dumont, University of Massachusetts, Amherst, MA

Male hammer-headed fruit bats (Hypsignathus monstrosus, Megachiroptera: Pteropodidae)
have exaggerated muzzles that appear to encase greatly enlarged nasal cavities. Here we
investigate the potential role of the nasal cavity in the acoustical system of this species. Using
three-dimensional reconstruction of serial images for twenty-nine pteropodid species and
recorded calls, we test the hypothesis that the nasal cavity influences the sounds emitted by these
animals. We demonstrate that nasal cavity volume is related to vocal tract length, an important
variable determining acoustical performance. The presence of formants in sound spectrograms
from recorded calls of Hypsignathus monstrosus suggests that the vocal tract alters calls. The
inflated nasal cavities and associated paranasal spaces of Hypsignathus monstrosus appear
effectively to lengthen the vocal tract and thus influence the sounds produced by this species. We
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suggest that the unusual calls of these animals and the associated morphology may be related to
the evolution of lek mating behavior in these bats.

The Effects of Gape Angle and Bite Point on Feeding Performance in Bats
Dumont, Elizabeth R. and Anthony Herrel

University of Massachusetts, Amherst, MA; University of Antwerp, Antwerp, Belgium

Models of the mammalian masticatory apparatus predict that bite force is affected by
variation in both gape angle and bite 'point (the location along the toothrow where force is
transferred to a food item). For generalized mammals like bats, bite force is predicted to decrease
as gape angle increases and bite points shift anteriorly. Despite the widespread dependence on
these models and predictions in comparative analyses of mammalian craniofacial morphology
and feeding. there are relatively few data on bite force in mammals. Here we use three separate
data sets collected from plant-visiting bats to investigate the dual impacts of gape angle and bite
point on bite force. In accordance with existing models, we found a significant negative
relationship between bite force and gape angle both within and between species. Bite force was
universally highest at the most posterior bite points, but was unexpectedly low during unilateral
canine biting. Overall, models predicting bite force were supported, but there are minor
differences among species that probably reflect variation in details of musculoskeletal
architecture.

Thermal Characteristics of Bat Houses
Edwards, James and Michael Scott, Lincoln University, Jefferson City, MO

Artificial bat roosts (houses) are one component in encouraging the proliferation of insect
eating bats. Bat house design and placement are two of the characteristics that are known to
influence the thermal properties of bat houses. We are reporting the first year data from a project
that will compare thermal properties among four bat house designs placed on two different
substrates. Two of the bat house designs are modeled from the Bel "Large Economy" style and
constructed from western red cedar or painted plywood. The third design is modeled on the
minimum recommendations from the Bel "Bat Approved" bat house design and constructed from
western red cedar. The fourth design is modeled after "typical" commercially available bat
houses and constructed of western red cedar. Three houses of each design were placed in the
same orientation (magnetic south) on two different substrates; individually mounted on metal
poles and the side of a metal barn. Temperatures were recorded over a three-month time period
in the twenty-four bat houses using HOBO data loggers. We will report comparisons addressing
several study objectives. These comparisons will include the effect of the vertical position of the
temperature sensor inside the bat house, external surface temperatures compared to internal
temperatures, the effect of color on temperatures in houses of the same design, the effect of
design on houses of the same color, and the effect of substrate on houses of the same design and
color.

Northern Bats (Eptesicus nilssonii) Use Vision but Not Flutter-detection When
Searching for Large Prey in Clutter

Eklof, Johan, A. Monica Svensson, and Jens Rydell, Goteborg University, Goteborg, Sweden

We investigated the detection cues used by the aerial-hawking bat Eptesicuy nilssonii
foraging in a cluttered environment. The bats can detect and attack rapidly moving targets within
the clutter, i.e. below grass panicles, by using prey motion as a cue. Stationary objects are
attacked only above the grass, but still within the clutter overlap zone. To test if the bats were
guided by flutter from moth wings or by vision when searching for stationary targets, they were
presented with male ghost swifts (Hepialus humuJi) mounted on top of steel wires.
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There was no difference in attack frequency on live, fluttering moths compared to dead and
spread ones. However, when comparing white and dark moths, we found a significantly higher
attack frequency on white ones. This suggests use of vision. When we reduced the size of the
spread moths by cutting the wings, and presented the bats with 6, 5, 4 and 3 em large moths, the
preference for white individuals disappeared at 4 cm, indicating that this is the bats' visual acuity
threshold. As the attacks always were guided by echolocation calls, even in the case oflarge (> 4
em) moths, we hypothesize that northern bats, at least in the initial search phase, use visual cues
as a complement to detect stationary ghost swifts.

Fragmented Tropical Forests and Seed-dispersing Bats
Evelyn,MichelleJ. andDavidA. Stiles,Universityof BritishColumbia,Vancouver,BC

Throughout the earth's tropics, large continuous tracts of forest are increasingly being
reduced to small forest fragments within diverse matrices of hwnan-dominated land uses. The
impact of such profound landscape changes on frugivorous bats is of vital concern given their
important ecological role as seed dispersers. Between 1996 and 2000, we investigated patterns of
habitat use and seed dispersal by frugivorous bats in a tropical forest fragmented by slash-and
bum agriculture in southern Mexico. We used a variety of techniques. First, to assess foraging
habitat associations, we conducted mist net surveys in 30 sites of 5 different vegetation types
(mature forest, small forest fragments, riparian forest corridors, young secondary forest, and
agricultural clearings). Second, to assess roosting habitat selection, we used radio telemetry to
locate 55 day roosts of 2 representative species (Sturnira /i/ium and Artibeus intermedius) and
conducted vegetation surveys to compare chosen roosts with random comparisons. Finally, to
assess seed dispersal patterns, we sampled seed rain using 375 seed traps located in closed
canopy forest, treefall gaps, and within agricultural clearings at 1m, 5m, and 20m from the forest
edge. We found that, although frugivorous bats were broadly able to use all available vegetation
types while foraging, the 2 focal species required large trees and mature forest for roosts.
Sturnira /i/ium roosted almost exclusively in tree cavities in mature forest and selected roost trees
50 percent larger in diameter than random trees. Artibeus intermedius roosted externally among
tree foliage and selected roost trees in close proximity to taller trees. Although male Artibeus
intermedius often roosted in secondary forest, females preferred mature forest. Our seed surveys
indicate that frugivorous bats playa key role in natural restoration of cleared areas, accounting for
up to 92 percent of all animal-dispersed seeds within agricultural clearings. These results
illustrate an important mutually dependent relationship: bats depend upon tropical forests for
roosts and tropical forests depend upon bats for seed dispersal. To maintain this useful and
unique dependency, we must work to protect sufficient amounts of forest to provide roosts for
bats within human-dominated tropical landscapes.

A Model for Individual Dynamics of Bats
Federico,Paula,ThomasG.Hallam,ThomasH. Kunz,andGaryF. McCracken,Universityof Tennessee,

Knoxville,TN;BostonUniversity,Boston,MA

Temperate zone bats are subject to serious energetic constraints due to their high surface area
to volume relations, the cost of temperature regulation, the high metabolic cost of flight, and the
seasonality of their resources. Calcium has been suggested to be another critical factor for
offspring skeletal growth and demands can cause significant structural changes in the bones
during lactation and hibernation periods. Calcium availability is low in the diet of many
insectivorous bats and could be insufficient to meet the requirements during pregnancy and
lactation. To our knowledge, there are no individual-based mathematical models for any bat
species. The model being developed here for a female bat is primarily based on life history and
energetics. It describes the growth of an individual female bat through the dynamics of two main
compartments, storage ( lipids and proteins ) and structure ( proteins and calcium). The model is
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developed for the little brown bat, Myotis lucifugus, because of information available on energy
budgets and changes in body mass throughout its life history. However, with appropriate
modifications the conceptualization might be applied to other species of bats with similar life
histories. The individual model integrated into a dynamic population model can assist in many
areas such as to improve understanding of the strategies used by bats to meet their energy
requirements, generate population dynamics leading to the development of management
techniques and conservation strategies, and to investigate stress effects like loss of suitable habitat
or chemical insults.

Seasonal Use of Bridge Roosts in Louisiana
Ferrara,Francesca1.andPaulL. Leberg,UniversityofLouisianaat Lafayette,Lafayette,LA

Little is known about seasonal use of bridges as roosting sites in the southeastern United
States. My objective was to determine species composition and role of habitat characteristics
associated with bridge roosting bats throughout the year. From January to September 2002, I
surveyed bridges in the Winn Ranger district of Kisatchie National Forest located in north central
Louisiana. Three types of bridges were examined: wooden creosote bridges (N=ll), flat
concrete bridges (12) and double T concrete bridges (52). Double T concrete bridges are
distinguished by the presence of girders that create understructure. Preliminary surveys indicated
that bats were observed under proportionally more double T bridges than is expected based on
chance (p<0.004). Subsequently, only double T bridges were monitored. Four species of bats
have been observed roosting under bridges, including Corynorhinus rafinesquii , Pipistrellus
subjlavus , Eptesicus fuscus and Myotis sp. C. rafinesquii reached peak abundance during the
summer months, while P. subflavus were more abundant during the winter. I will discuss light
and temperature as possible microclimate factors that influence seasonality in roost site selection.
I also assessed whether frequent visits by survey workers affected bat use of roost sites. I
compared variation in roost use for bridges that were monitored everyday for a week to bridges
that were monitored at the beginning and end of the survey period. There were no significant
differences among the treatments, suggesting surveys do not cause bats to abandon roosts.

Bat Activity and Mortality at Buffalo Mountain Windfarm, Eastern Tennessee
Fiedler,JennyK., CharlesP. Nicholson,NikiS.Nicholas,DavidA.Buehler,GaryMcCracken,andKathy

H. Braden,Universityof Tennessee,Knoxville,TN;TennesseeValleyAuthority,Norris,TN

The development of wind power increased dramatically as an alternative power source in
recent decades. The effect of wind resource areas (WRA) on bats has not been well studied and
is becoming a critical issue as the wind industry continues to grow. Preliminary studies at
existing WRA's show the greatest number of mortalities occur from mid-July through August
with a national average of approximately 2.5 bats per turbine per year. It is not known what
specific behaviors or WRA site features may contribute most to mortality. To start answering
these questions, bat mortality and activity of bats were monitored at Tennessee Valley Authority's
Buffalo Mountain Windfarm in eastern Tennessee. This site is of particular interest as it is the
only WRA in the southeastern United States and possible regional differences have not been
established. Bat mortalities documented in 2001 and 2002 included five species (Lasiurus
borealis, L. cinereus, Pipistrellus subjlavus, Eptesicus fuscus, and Lasionycterisnoctivagans); the
majority of mortalities were of Lasiurus spp. Species found on site but not among the mortalities
include Myotis septentrionalis and M. lucifUgus. The mortality rate for 2001 was 10.33 bats per
turbine per year. The current mortality rate for 2002 is slightly higher than in 2001. Activity
patterns of bats on and off turbine sites, near and away from areas containing water, and at
several altitudes were compared using an Activity Index, and correlated with bat mortalities.
Preliminary results show a period of in-
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activity from mid-July through August, coinciding with the period of greatest mortality.

Species Diversity and Conservation of Bats in Laos PDR, Asia
Francis, Charles M., National Wildlife Research Centre, Canadian Wildlife Service, Ottawa, ON

With the discovery of several previously undescribed large mammals in Laos and adjacent
Vietnam within the past decade, it is not surprising that the bat fauna was, until recently, also
poorly known. A review of south-east Asian mammals in 1992 gave records for no more than 35
species of bats confirmed from Laos. Surveys starting in 1995 by myself and others, using a
variety of techniques such as harp traps, mist nets, and cave searches, have brought the currently
known total to nearly 90 species. Considering that only limited portions of the country have been
surveyed, it seems likely that the true total is well over 100 species. Although many of these new
records are of species previously reported from adjacent countries, they also include several new
or previously unrecognized species. These include at least 5 round-leaf bats (Hipposideros), 3
tube-nosed bats (Murina), and 1 or more Myotis species. Some of these are highly distinctive
species, while others are relatively cryptic, and were only detected because of differences in
echolocation calls. Unfortunately, many bats in Laos are potentially at risk, particularly from
habitat loss and exploitation. Natural habitats are being lost to a variety of causes including
logging, hydroelectric dams (especially to provide electricity Thailand), and clearance for
agriculture. In addition, nearly any species of bat, including small insectivorous species, may be
captured for food. Species that roost in large concentrations in caves are particularly vulnerable,
and many large colonies have been eradicated through trapping. Efforts are under way to provide
educational materials on the need to conserve bats.

Virtual Bats and Real Insects: Effects of Echolocation on the Reproductive
Behavior of the Corn Earworm Moth, HeIicoverpa zea

Gillam, Erin H., Gary F. McCracken, John K. Westbrook, and Paul G. Schleider
University of Tennessee, Knoxville, TN; U.S. Department of Agriculture, College Station, TX

Noctuid moths have evolved the ability to detect echolocation calls of bats and respond to
these calls by performing evasive maneuvers and limiting flight activity. Previous studies of
Noctuidae and other insects have also determined that a simple ultrasonic signal causes insects to
modify or cease mating and oviposition activities as part of an evolved tradeoff between
reproduction and the risk of predation. Although the neurophysiological and behavioral reactions
have been documented, demographical implications for reproduction and growth of insect
populations have not been investigated. Com earworm moths, Helicoverpa zea (Noctuidae), are a
major crop pest in the United States and are heavily preyed upon by Mexican free-tailed bats,
Tadarida brasiliensis mexicana. It has been demonstrated that ears of com earworm moths are
tuned to echolocation call frequencies of Mexican free-tailed bats. Using com earworms as a
model, the goals of this research are 1) to examine mating and oviposition behavior of free-flying
H. zea in the presence of simulated echolocation, 2) to investigate population-level effects of
echolocation on H. zea. "Virtual bats" are electronic units that emit a continuous mixture of
search, approach, and feeding calls highly representative of the echolocation of T. b. mexicana.
Preliminary studies were conducted in areas of Texas with low and high bat density. The high bat
density site is within 10 miles of Frio Cave, where several million Mexican free-tailed bats roost
in the summer months. Tests of mating behavior included behavioral observations in field cages
(6'x6'x6'), field observations and collections of H. zea in treatment and control plots, pheromone
trapping, and use of mating tables. Large field cages (18'x6'x6') were used to investigate
oviposition behavior of com earworm moths in the presence of simulated echolocation. A
population-level experiment was performed by introducing adult moths into control and treatment
field cages and after 4 - 5 weeks counting the pupae and adults in each cage composing the field
cages and after 4 - 5 weeks counting the pupae and adults in each cage composing the second



Assessment of Bat Community Structure and Habitat Preferences for the
Hoary Bat (LasiuTUS cineTeus) Near Foote Creek Rim, Wyoming

Gruver, Jeffery c., University of Wyoming, Laramie, WY

generation. Moths used for these studies were collected as larvae and pupae in the field and
reared to adulthood in the laboratory. Research in summer 2002 was confounded by inclement
weather, insecticide sprays and the extreme temporal and spatial variability in this highly
perturbed agricultural system. Future studies will be modified based on the experiences of the
last summer.

Windturbines cause mortalities to some species of bats, primarily lasiurines, but it is unclear
if mortalities occur in proportion to relative abundance. Reports indicate that the hoary bat was
the most commonly found bat during mortality searches at a windpower facility in south-central
Wyoming. A better understanding of roosting habitat for the hoary bat can inform mitigation
strategies at windfarms. The goals of my study were twofold: to examine the community
structure of bats and quantify roosting habitat for the hoary bat proximate to the windpower
facility. Community structure data were used to determine if mortalities were proportionate to
relative abundance. Bats were surveyed with mist-nets and ultrasonic detectors in 2000 and 2001.
The little-brown and long-legged myotis were the most commonly encountered species. The
hoary bat was the fourth most abundant species, but may be transient in the study area. The
number of hoary bat mortalities was more than four times as great as the number captured
indicating mortalities befall this species more frequently than the other species in the study area.
Most day roosts for the hoary bat were in lodgepole pine trees and were located nearly 7 km from
the windfarm. Bats preferred trees that were taller and had greater canopy cover, and those that
were located nearer to an edge and nearer to water than randomly selected trees. Migratory
lasiurines appear to comprise most bat mortalities at windfarms in the U.S., but the reasons for
this phenomenon are not well understood. Potential explanations include reduced use of
echolocation by migrating species, misinformation about structures based on echo-morphology,
increased densities of insects in the lee of windturbines, and 'flocking' behavior by migrating
specIes.
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Variability of Feeding Buzzes
Griffin, Donald R and Gregory 1. Auger, Harvard University, Bedford, MA

When Myotis lucifugus are hunting actively in the early evening search phase signals are
easily detected by heterodyne bat detectors. Feeding or terminal buzzes are sometimes also
detected, especially if the bat detector is tuned to about 35 kHz, but on other evenings when all
conditions appeared comparable we detected no approach phase or buzz with Pettersson D-100
detectors. Video obtained with a Canon XL1 camcorder with ITT Pocketscope model 601OB
light intensifier, using near infrared light from the side, sometimes showed both the larger insects
and the bats that caught them. Examples of these video records of insect catching will be shown.
With two camcorders aimed from different directions we could also locate catches in three
dimensions and determine the bat's approximate distance to the microphone. When this distance
was several meters no buzz was detected before some of the catches; but at 0.5 to 2.5 meters at
least a faint buzz was always detected when the bat was flying roughly toward the microphone
and was located reasonably close to the microphone axis where its sensitivity was maximum. In
some cases the usual approach phase with gradual reduction of interpulse interval was not evident
even when a faint buzz was recorded. It therefore seems that buzzes are present during insect
capture but that the approach and terminal phase signals vary widely in intensity relative to the
search phase. Microphone sensitivity sets a lower intensity limit to signals that can be detected;
and sometimes in the final and critical interception maneuvers signal levels are detectable only at
close range.

Winter 2002
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Physiologically-based Models of Bat Population Dynamics
Hallam, Thomas G., Paula Federico, Thomas H. Kunz, Gary F. McCracken, and Amy Russell

University of Tennessee, Knoxville, TN; Boston University, Boston, MA

Data sufficient for determining the dynamics of bat populations are, at best, sparse. A
modeling approach is employed to represent the two processes, birth and death, that govern
dynamics of a closed population. Each of these population level processes is controlled by
individuals and is determined by the physio-chemical environment together with biological and
ecological constraints. Based upon life history, physiology and energetics, an individual-based
approach, which appears to be generic in that it should be applicable to many bat species, is
formulated to investigate population dynamics. An individual bat is modeled with compartments
representing storage and structure follows lipids, proteins, carbohydrates and calcium. The life
history of an individual is represented by coupled ordinary differential equations representing the
dynamics of storage and structure. Aggregates of individuals are tracked by partial differential
equations and the simulations of the solutions provide an indication of the bat population
dynamics. The utility of the methodology is illustrated for the dynamics of the Indiana bat,
Myotis sodalis, but individual parameters are selected primarily from a surrogate, the little brown
bat M. lucifugus.

Improvements in Using Aircraft to Track Indiana Bats Myotis soda/is
from Their Hibernacula to Summer Range

Hicks, Alan c., Kurt C. Swartz, George M. Greene, and Susanna L. von Oettingen
New York State Department of Environmental Conservation, Albany, NY;

New York State Police, Albany, NY; U.S. Fish and Wildlife Service, Concord, NH

During 200 I we demonstrated that it was possible to radio track Myotis sodalis during their
migration from their hibernacula to their summer range using aircraft. We located three of five
radio-tagged bats, all of which had migrated from their hibernacula at the Barton Hill Mines,
Essex County, NY to the Champlain Valley of VT. During the spring of 2002 the process was
repeated at the same site but modified to make more efficient use of resources, to sample animals
from the beginning of emergence instead of the end, and to provide a larger sample of animals for
more meaningful results. Nineteen animals were radio tagged and released on the night of April
16, the second consecutive night of substantial bat activity that spring. To determine their
direction of travel, the first ten animals were monitored from the air from the moment of release.
As animals were released, staff continually circled 4.8 km from the release point in a fixed- wing
aircraft. One onboard G.P.S. system allowed staff to plot where on the circle staff detected the
strongest signals, which provided us the direction of the bat's flight but not distance traveled. A
second system allowed the pilot to maintain a constant course around the release point The
following day (April 17) staff in two airplanes began the search in the direction suggested from
the previous night's results. Starting at roughly 24 km from the release point one flew toward,
the other away, in concentric arcs 3.2 km 3{lart. The first plane had located eight animals within
three hours. Fifteen were located by the end of the first day after having searched roughly 4,500
sq. kilometers. There were four more flights, all of which checked previously located animals for
dispersal, and then searched outlying areas for additional animals. In total we searched rougWy
12,000 sq. km and located 16 of 19 animals released; all were within 38 km of the release point.

The Use of Alternate Resources by Nectar-feeding Bats in the Absence of Agaves:
Bat Poo Revealed!

Hinman, Katy, Arizona Game and Fish Department, Phoenix, AZ

Temporal or spatial separation between mutualists necessitates the usage of alternate
resources by one or both partners. In the case of nectar-feeding bats and Agave palmeri in
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southeastern Arizona, there is considerable asynchrony between the blooming period of the
agaves and the residency of the bats in the area. Exclusion experiments performed on Agave
palmeri demonstrated that, although the agaves set the most fruit when bats visited, they were
able to set some fruit with just diurnal pollinators, and even when pollinators were excluded. As
well, vegetative reproduction may also be an effective guard against the absence of primary
pollinators. However, the two species of nectar-feeding bats in the area, Choeronycteris
mexicana and Leptonycteris curasoae, are present both before and after the agaves have bloomed.
There are no other known bat-visited plants in the area It has been shown that both of these
species of bats readily visit hummingbird feeders, and that these feeders may represent a
significant source of energy for the bats both in the presence and absence of blooming agaves.
During the agave bloom, both species of bats continue to visit agaves even while visiting feeders,
as evidenced by the presence of agave pollen on their fur and in their feces. However, when the
agaves are not blooming, the bats must find alternate sources of protein. Examination of samples
taken from the bats' fur as well as of fecal samples reveals the usage of alternate protein sources,
including pollen from other plant species and, in some cases, insects. The extent to which bats
rely on these sources and their significance to explaining temporal asynchrony between the bats
and agaves are examined. Although further study in this area may reveal an even broader
resource base for the bats, there is not yet enough evidence to support changes in management
strategies for these species, especially L. curasoae, which is federally endangered However, this
study does reveal the difficulties inherent in generalizing about behavior and feeding habits
across populations and geographic areas.

An mtDNA Perspective of the Dynamics of a Chromosomal Hybrid Zone in
Uroderma

Hoffmann, Federico G., James G. Owen, and Robert J. Baker
Texas Tech University Lubbock, TX; Universidad Salvadorena San Salvador, EI Salvador

We sl;:quenced the 1140 base pairs of the cytochrome-b gene for 57 specimens of Uroderma
bilobatum to estimate aspects of the population biology associated with the three chromosomal
races in Peters' tent-making bat, Uroderma bilobatum. Within species of bats, chromosomal
races are uncommon. Chromosomal races in U. bilobatum provide an opportunity to understand
the population biology associated with intraspecific chromosomal evolution. The three
chromosomal races include a 2n=42 race restricted to South America, east of the Andes, a 2n=38
race distributed from western South America to eastern Mexico, and a 2n=44 race distributed on
the Pacific versant of Honduras, EI Salvador, Guatemala and Mexico. The phylogenetic
relationships of the three races cannot be statistically resolved with the cytochrome-b gene
sequence data, however, the monophyly of the 2n=38 race and 2n=44 race is supported by the
gene tree. The deepest nodes (3.0%) within the cytochrome-b gene trees are within the 2n=42
race and we hypothesize that this chromosomal race is the oldest of the three. The least amount
of sequence divergence (0.5%) is present in the 2n=44 race whereas within the 2n=38 race, the
average divergence is 0.~1o. Intraspecific sequence variation in the cytochrome-b gene is
partitioned as follows; 70% among chromosome races, 6% among populations within races and
24% within individuals in a single population. The number of captures of the cytochrome-b gene
across the hybrid zone in Honduras is 1 in 28 for the 2n=38 race and 1 in 18 for the 2n=44 race.
The integrity of the genome of the three races appears to be maintained. The number of unique
haplotypes is 46 for the 57 specimens examined. The cline of the cytochrome-b gene data
matches the clines previously generated for chromosomal and allozyme data. These results are
most compatible with the predictions of a zone originating from a secondary contact. Assuming a
2% per million years rate of evolution, then the 2n=38 and 2n=44 division occurred about a
million years ago and the last common ancestor for the 2n=44 race occurred within the last
500,000 years. We found no evidence for geographic subdivision within either the 2n=38 or the
2n=44 races which suggests that the within race movement of individuals is substantial.
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Intra-race movement among females is further supported by the low number of shared haplotypes
within a single population.

* Patterns in Batfly Morphology and Host-Site Preference on Neotropical Bats
Hofstede, Hannah ter, York University, Toronto, ON

The purpose of this study was to look at host specificity and host-site preferences in battlies
(Streblidae and Nycteribiidae) collected from Neotropical bats. Bats were captured in a forested
reserve in Belize using mistnets from April-August, 2001. All visible ectoparasites were
removed using forceps and placed in 70% ethanol. Locations of the ectoparasites were recorded
as one of 7 categories: ventral wing, dorsal wing, ventral uropatagium, dorsal uropatagium,
ventral fur, dorsal fur and head. I captured 455 bats belonging to 32 species in 6 families and
collected batflies from 23 species of bats in 5 families. Most species of bat had only one species
of batfly (15 out of 23) and many batfly species (18 out of 27) were found on just one host
species. From the bats sampled, vespertilionids only had nycteribiids and phyllostomids only had
streb lids. The morphology of many batflies appears to be linked to the host-site preference.
Batflies found mostly in the fur tend to have long legs compared to their body. Batflies with a
ctenidium were found in the fur, but not all fur-dwelling battlies had ctenidia. The presence or
absence of functional wings did not influence the host-site preference of the batfly, but on bats
with more than one species of batfly, all the species either had or lacked functional wings. Bats
harbouring more than one batfly species tend to have one fur-dwelling and one membrane
dwelling species, suggesting resource partitioning due to competition. This relationship was not
as clear with battlies with functional wings, possibly due to increased mobility.

*Hannah ter Hofstede received the Basically Bats Wildlife Conservation Society Award.

The Importance of Estimating the Statistical Power for Endangered Bat Monitoring
Programs

Hohmann, Matthew G., Jean M. Mengelkoch, and Tracey E. Hickox
U.s. Army Corps of Engineers, ERDC-CERL, Champaign, IL

Documenting the abundance of threatened and endangered species (T&ES) and tracking
changes in their populations over time are important aspects of T&ES management. Typically,
data on T&ES abundance are collected as part of site specific or regional monitoring programs
designed to detect changes (positive or negative) in T&ES populations. However, when
monitoring programs are not designed to provide sufficient statistical power, analyses of
population change will be compromised and often misinterpreted. To ensure that adequate data
are collected, monitoring programs should be designed a priori with regard to statistical power.
This presentation summaries the use of power analysis for the design of statistically defensible
and cost efficient T&ES monitoring programs. Specifically, we use realistic data on Indiana bat
primary roo$1;counts to demonstrate how population size, population variation, and sampling plan
design all affect one's ability to accurately detect a persistent population decline.

Are You What You Eat? Developmental Changes in Thermoregulation and
Influence of Diet on Torpor Use by Big Brown Bats

Hollis, Lydia, University of Calgary, Calgary, AB

Although there are several advantages to torpor use for adult bats (e.g., large energy savings
during inclement weather/food shortages), the disadvantages of torpor may outweigh the benefits
for juveniles. During torpor, juveniles experience slowed growth and may lose out on
opportunities to feed when their mothers return to the roost from foraging. The purpose of my
study is to investigate the changes in thermoregulation with age and examine the effects of diet on
torpor use by big brown bats, Eptesicus jUscus. To determine if thermoregulatory abilities of bats



Behavioral Dynamics of Large-scale Nightly Emergences and Dispersal of Brazilian
Free-tailed Bats (Tadarida brasiliensis)

Horn, Jason W., Raymond Dezzani, and Thomas H. Kunz, Boston University, Boston, MA

Nutritional Limitations on Lactation in the Big Brown Bat, Eptesicusfuscus
Hood, Wendy, Olav Oftedal, and Thomas Kunz

Coastal Carolina University, Conway, SC; National Zoological Park, Washington, DC; Boston University,
Boston,MA

The value of abundant and widely distributed non-game species is often overlooked, although
they may provide important ecosystem services to human societies. The Brazilian free-tailed bat
(Tadarida brasiliensis) may play such a role by preying upon migrating pest insects that damage
important agricultural crops such as com and cotton. Because T. brasiliensis forages at altitudes
higher and at distances further from roosts than most insectivorous species, we have only a
cursory understanding of their foraging behavior, including where and when these bats encounter
insects over a large foraging area. New tools for observing and quantifying high-altitude foraging
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Nutritional limitations during lactation were examined in the big brown bat, Eptesicus fuscus,
by characterizing total nutrients consumed, total nutrients exported as milk, changes in body
composition, and energy expenditure in lactating females. Proximate nutrients and minerals
transferred between mother and offspring were determined based on patterns of milk composition
and production. Concentrations of most nutrients varied considerably. Total energy expenditure
was greater than predicted for animals with comparable body size. Prey items were primarily
coleopterans. Lactating females consume up to the equivalent of their body mass each night in
insects. Analyses of the nutritional content of insects consumed and estimates of total amount
consumed suggest that intake alone is insufficient to support the calcium requirements of females
throughout lactation and energy requirements during late lactation. Concentrations of body fat
and phosphorus in lactating females were markedly lower during mid-lactation, while calcium
was marginally lower, suggesting that resorption of bone and mobilization of body fat may be
necessary to support nutritional demands. Our findings suggest that lactating females were
probably in negative calcium balance throughout lactation and negative energy balance during
late lactation. With large fluctuations in dietary intake, energy expenditure, milk output, and milk
composition, females appear to adopt a variable strategy for meeting their nutritional needs.

change during different life stages, I measured body temperature (indirectly as skin temperature)
and metabolic rates (indirectly as oxygen consumption) of 4-9 captive big browns at 6 different
ambient temperatures (10, 15, 20, 25, 30, and 35°C) for four different age classes (early
prevolant, late prevolant, volant juveniles, and adults). Early prevolant bats were the most
thermolabile group, with body temperatures closely matching ambient temperatures. Early
prevolant individuals did not stay warm at 10, 15 or 20°C, whereas some late prevolant bats
maintained an active body temperature at these temperatures. Similarly, some volant juveniles
and adults maintained an active body temperature and some became torpid at ambient
temperatures between 10 and 30°C. Because the amount of dietary polyunsaturated fatty acids
(PUF As) influences the ability to enter torpor in some other mammals, I investigated the effect of
diet on torpor use by big brown bats. To test this, 15 subadult E. fuscus (5 bats per treatment)
were fed one of three diets: (1) mealworms raised on bran, as the control diet, (2) mealworms
injected with 10% addition by weight of sunflower oil, as the "unsaturated diet" [high in PUF As],
and (3) mealworms injected with 5% addition by weight of sheep fat, as the "saturated diet" [low
in PUFAs]. After a 2-week feeding period on the various diets, I monitored use of torpor by the
bats using temperature-sensitive transmitters. Bats were held in a cold chamber at 10°C for two
days, followed by 5°C for one week, and length and depth of torpor bouts were determined.
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behavior are needed to help evaluate the ecosystem services that these bats potentially provide.
We designed our study to quantify the variation in the patterns of nightly emergence and dispersal
at five of the largest known maternity colonies of T. brasiliensis in south-central Texas. We
hypothesized that the information present in NEXRAD Doppler radar images contains patterns of
bat movements that could improve our understanding of nightly foraging behavior. We used base
reflectivity data at 15-minute intervals to quantify the relative magnitude, direction and speed of
nightly dispersal of groups of emerging free-tailed bats using GIS-based spatial analysis. Using
circular statistical models, we observed non-random angular directions of dispersion and
significant variation in magnitude in nightly activity. We also used a Markov random field model
for characterizing the dynamics of nightly dispersal activity. The presence of migrating insect
populations during the warm months may influence the nightly widespread dispersion of millions
of Brazilian free-tailed bats over the Texas landscape. If so, these behavioral patterns may have
implications for pesticide application and conservation and management efforts.

* Predator-Prey Interactions: A New Analysis of the Bat-Moth Arms Race
Hristov, Nickolay I. and William E. Conner, Wake Forest University, Winston-Salem, NC

The acoustic interaction between insectivorous bats and tiger moths (Lepidoptera: Arctiidae),
has puzzled behavioral biologists for over three decades. When approached by hunting bats, tiger
moths answer with a series of intense ultrasonic clicks that stimulate the bat to abort its attack.

Although it is generally agreed that the generation of ultrasonic clicks is a defensive strategy
employed by arctiid moths against bats, there is disagreement about the mechanism through
which the clicks exert their effect. Three hypothesis have been proposed to account for this
behavior: that the clicks startle the bats, that they jam the sophisticated sonar of bats, or that they
serve as an acoustic warning to the bats that the moths are not palatable food items. This work
addresses the bat-tiger moth acoustic interaction from a new perspective by analyzing the
learning behavior of naive bats when interacting with tiger moths. In a series of experiments big
brown bats (Eptesicus fUscus) were pitted against different groups of tiger moths according to the
lack or presence ofa chemical defense (C-) or (C+) and ability or inability to produce sound (S+)
or (S-) resulting in four experimental categories (C+S+), (C+S-), (C-S+) and (C-S-). The
responses of the bats were recorded over time and learning curves were constructed and
compared. The results of these experiments will be analyzed to shed light on the three
hypotheses concerning bat-tiger moth interactions.

* Nickolay Hristov received the Bat Conservation International Award.

A Study of Infant Rearing and Mating Behaviors in a Captive Group of
Straw-colored Fruit Bats, Eidolon helvum

Hull, Rebekah, Ian Zinck, and Debbie Duffield
Portland State University and the Oregon Zoo, Portland, OR

Captive groups of straw-colored fruit bats, Eidolon helvum, were observed for over 300 hours
during two birthing and subsequent mating seasons. Communal care and infant behaviors were
recorded from birth through independence/weaning. Previous genetic analyses of this captive
population of E. helvum have shown evidence of possible baby swapping, allo-nursing, and/or
babysitting behaviors. No evidence of baby swapping or allo-nursing was recorded; however,
babysitting care behaviors were observed fot specific 'helpers'. This study confirmed previous
genetic analyses that suggested this type of care was not kinship dependent. A helper was also
involved in a particularly difficult birth. Some evidence of differential rearing of male and
female young was noted. Males are left alone in the group huddle earlier than females; however,
this does not correlate to males being weaned earlier. Weaning appears to be related to the
experience of the mother and/or individual differences in parenting style. Previous genetic
analyses of this population and behavioral observations in the wild have suggested indiscriminate
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mating~ however, this study showed that there are a number of more subtle male and female
mating behaviors. The mating season began after the young were mostly independent. At this
time, what was one large group huddle broke down into smaller huddles consisting of one male
and one to several adult females. A marked change in male behavior took place, with males
becoming more aggressive, defending territories, females and food. Male-male interactions
consisted of aggressive and dominance displays, and the marking of territories. Most of these
interactions were seen between the adult males and a sub-adult male. Territorial marking
consisted of males licking the area being claimed. Females as well as males sniffed these marks.
Most females tended to stay in one male territory; however, 'roving' females were observed
(particularly during feeding). Males also occasionally visited another males' huddle when the
attending male was off feeding~ this resulted in copulations between the females of the huddle
and the visiting male. Once a female was mated, she became a focal interest to all males,
suggesting some type of olfactory cue. For this reason, males typically 'guarded' the female just
after mating, a behavior that consisted of a very distinct display and guttural vocalizations. These
observations lend support to the idea of sperm competition in this species.

Species Consumed by Fruit Bats in the Subtropical Cloud Forest of
the Sierra de Manantlan Biosphere Reserv~ Mexico

Ifiiguez, Luis 1, and Jorge Schondiibe, Universidad de Guadalajara, Jalisco, Mexico

Interaction between fruit bats and plants is mutualistic, due to the benefits that both species
get from it. An initial step to study this interaction in an specific community is to identify the
species of both taxa involved. In tropical forests have been recorded a high number of fiuit
species consumed by bats. Some bats, like Carol/ia perspicil/ata or Artibeus jamaicensis, are
well known in their feeding habits in the tropics. However, the diet information for many species
is marginal or isolated, or simply does not exist. In the subtropical cloud forest of the Sierra de
Manantlan Biosphere Reserve, twelve fiugivorous bat species have been identified. Eight of
them feed mainly on fruits whereas the other four are nectarivorous that can switch to fiuits
seasonally. However, up to now there is not an evaluation of their food habits in this subtropical
vegetation type. The objective of this work is to know which fiuit species are consumed by some
of the bat species in the subtropical cloud forest in western Mexico. To get a general overview of
the fruits eaten by bats, we take three different approaches. First was to obtain seeds from
captured bats' feces. Second, we conduct some.feeding experiments in captivity. Third, we
realized observations of fiuit removal from plants in natural conditions. As result of this work,
we present a list of nine consumed species, highlighting as the most important species So/anum
nigricans (Solanaceae) and Conostegia vo/cana/is (Melastomataceae). This list is not exhaustive,
but we consider that it points out the main food items of the fiuit-eating bats in the study area.
Family Rhamnaceae (Rhamnus hintonii) is reported by the first time as consumed by fiugivorous
bats.

Effects of Wildlife Stand Improvements and Prescribed Burning on Bat
Communities on the Buffalo Ranger District, Ozark National Forest, AR

Jackson, Jeremy L., Shane R. Prescott, and 1. D. Wilhide
Arkansas State University, State University, AR

Beginning in the year of2001 managers of the Buffalo Ranger District (BRD) in the Ozark
National Forest, Arkansas (Boston Mountains, of north central Arkansas) began using wildlife
stand improvements (WSI) and prescribed burning (PB) as part of their management strategy in
selected portions of the forest. One result of these management procedures is to alter the forest
stands, from forests that contain many crowded, similarly aged trees to a considerably more open
forest. We predicted that both the abundance of bats and the number of bat species would
increase after a WSI that included PBs, since more open woodlands contain more potential
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foraging and movement areas for bats. To test this prediction, we compared bat abundance and
species diversity between two intensively managed areas and two reference areas. Specifically, a
WSI and PB were administered on a watershed located on the northwestern portion of the BRD
during the fall of 200 1 and spring of 2002. Similar management practices occurred in 1998 at
treatment site two located on the eastern portion of the district. We selected two areas within the
BRD, where little or no forest management has occurred in recent years to serve as reference
areas. All four sites were approximately 5000 ha in size. Mist netting was conducted at a variety
of water sources to assess bat abundance and diversity. We mist netted each area for an average
of 23 nights (range 12-34 nights) in the summer of both 2001 and 2002 (one reference site was
only sampled in 2002). Both bat species diversity and abundance was higher on the managed
areas as compared to our reference sites. In addition a relationship was found between the
number of bats captured and the density of trees (basal area). In general, more bats were captured
in more open areas. These data suggest that forest management strategies incorporating WSI and
PB may be beneficial to bat communities.

A Comparison of Various Capture Versus Acoustic Techniques
for the Surveying of Bats in Belize

Johnston, Dave S., Fiona Reid, Cullen Geiselman, and Sybill Amelon
Santa Clara University, Santa Clara, CA; Royal Ontario Museum, Toronto, Ontario; Bat Conservation

International, Austin, TX; University of Missouri, Columbia, MO

To evaluate the effectiveness of various capture methods and acoustic techniques for the
purpose of surveying for bats in Belize, we captured bats using small mist nets (7 ft. x 8 ft. and 18
ft., and 10 ft. x 30 ft. and 42 ft.), a macro mist net (25 ft. x 100 ft.), canopy nets, Austbat harp
traps, hand nets, and for acoustic surveying we used the ANAbat 6 system. We sampled at eight
locations using both methods each survey night and compared the results between methods and
among nets. Using both methods we recorded 37 species representing seven families from 311
captures and 220 acoustic detections. Of the four species of Emballonuridae only one species
was detected by both methods. Additionally, one species of Noctilionidae was caught with a
small mist net, and the two species representing Mormoopidae were recorded by both methods.
However, of the 18 species ofPhyllostomidae, none were detected by the acoustic method Bats
> 50 gm were caught in the macro net in higher numbers than in the equivalent unit area of the
small nets or the canopy nets. The Macro net caught five phyllostomid species not captured by
other methods, and the canopy nets caught one phyllostomid species not captured by other means.
Of the seven species of Vespertilionidae, four species were caught by various capture methods
and six were detected by the acoustic method. Of the five species in the Molossidae family, two
species were captured at a known roost by a modified net/hand technique, and four species were
detected by acoustic means. The one species representing Thyropteridae was recorded only by
capture. Our data indicate that the biology and foraging behavior of bats at the family level
determines the survey method required, and that the most complete inventories of bats in
neotropical areas are accomplished though the use of several capture methods as well as by
acoustic means.

A Description of the Structure and Distribution of Buccal Cavity Characters in the
Chiroptera

Knapp, Michelle c., Harvard University, Cambridge, MA

Phylogenetic relationships amongst bats are controversial. In recent years, the monophyly of
genera, families, and even the order has been called into question. In light of this debate, any
information that can be gained by molecular or morphological data may be helpful. While pelage
and dentition are well-described, soft mouthpart morphology has been largely ignored. I looked
at structures occurring in the buccal cavity between the gums and the lips of members of several
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families of bats; two structures found in several taxa are papillae on the insides of the lips and a
ridge between the lips and the teeth. The structures are described and their distributions among
taxa are noted.

Social Preferences and Sociability of the Solitary Little Golden-mantled Flying Fox
(Pteropus pumilus) and the Social Island Flying Fox (P. hypomelanus)

Kosteczko, Nicole S., DeeAnn M. Reeder, and Thomas H. Kunz
University of Scranton, Scranton, PA; Boston University, Boston, MA

A comparative study of social preferences was conducted using the solitary little golden
mantled flying fox (Pteropus pumilus) and the highly social island flying fox (P. hypomelanus).
Eight males and eight females of each species were tested at the Lubee Foundation in a 6m x 3m
x 3m x 2m high triangular cage that contained two smaller cages (0.6m x 0.75m x 0.9 m) for
housing stimulus animals. The behaviors of each bat were recorded for 10 minutes in each of the
following conditions: I) habituation trial - stimulus cages empty; 2) same sex stranger in one
cage vs. an empty cage; 3) opposite sex stranger in one cage vs. an empty cage; and 4) same sex
stranger vs. opposite sex stranger. Each lO-minute behavioral trial was divided into forty 15 sec
intervals, with the latency to chose a stimulus animal recorded in seconds and other behaviors
recorded if they occurred during each interval. Both male and female P. hypomelanus were more
likely to approach stimulus animals than were individual P. pumilus, although these differences
were not significant. Additionally, there were no differences between the behaviors of males vs.
females nor between trial types for both species. Despite the lack of overt social preferences for
same or opposite sex strangers, significant differences between species and between sexes were
found in other behaviors. For example, females of P. hypomelanus were more aroused by the
novel environment and novel stimulus of other bats than were females and males of the same

species or both sexes of P. pumilus, as indicated by significantly higher levels of shivering
behavior. Greater overall arousal and/or curiosity in P. hypomelanus vs. P. pumilus was also
suggested by significantly higher rates of locomotion during the trials in both sexes. P.
hypomelanus also exhibited significantly higher levels of investigatory behavior in all trial types
than did P. pumilus. Although individuals of P. pumilus were less inclined to investigate, they
demonstrated a significantly higher level of threat behavior (wing threats and wing flicks, open
mouth staring, etc.) than did P. hypomelanus (threatening in 69.6% of all trial intervals vs.
8.75%). These results suggest that the two species differ considerably in temperament in ways
that reflect their differences in sociality. The more social P. hypomelanus responded to the novel
situation and to novel animals with curiosity and increased levels of activity, whereas the
relatively asocial P. pumilus appeared threatened by these conditions.

Proposed Forest Management Changes in Southern Appalachian Mountain
National Forests Should Benefit Bat Conservation

Krusac, Dennis L., USDA Forest Service, Atlanta, GA

Currently, there are five national forests in the southern Appalachian Mountains of the
eastern United States that are revising their forest management plans. The proposed management
changes are a significant step forward in the U.S. Forest Service's effort to conserve biological
diversity. The management direction to benefit bats is a huge change from the direction in the
early forest plans they are replacing. The current planning effort is an attempt to get consistent
management direction in place across national forest lands stretching from northern Virginia to
northern Alabama. Clifiline habitat, important to Virginia big-eared bat Corynorhinus townsendii
virginianus, Rafinesque's big-eared bat C. rajinesquii, and eastern small-footed bat Myotis leibii
will be protected with a 100 foot buffer above and a 200 foot buffer below the cliff face. The
only management that will occur in the buffer zone will be done to benefit cliffiine dependent
species. All caves and mines are assumed to be used by federally threatened or endangered bats
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and protective measures are put in place until it is proven these sites are not important to
listed bats or large concentrations of any bat species. Buffer zones ranging from one-quarter mile
to five miles are placed around caves and mines depending on species present and season of the
year. For example, prescribed fire is prohibited within a five-mile buffer of Indiana bat M.
sodalis hibernacula during the fall swarm to protect and avoid disturbing roosting bats. Gates or
other structures are constructed and maintained at entrances to caves and mines occupied by
federally listed species, rare species or significant populations of other species to minimize
human disturbance. Before old buildings and other man-made structures are modified or
demolished, they are surveyed for bats. If significant bat roosting is found within such structures,
these structures will be maintained or alternate roosts suitable for the species and colony size will
be provided before their adverse modification or destruction. Forested corridors are maintained
along watercourses including channeled ephemeral drains. All immediately suitable roost trees
are retained in timber harvest activities. Proposed management direction will be discussed in
detail. The draft forest pian revisions will be available for public review and comment early in
2003. I encourage you to review these plans and provide your comments.

Reproductive Energetics of Free-ranging Brazilian Free-tailed Bats
(Tadarida brasiliensis)

Kunz, Thomas H., Boston University, Boston, MA

Estimates of daily energy budgets in free-ranging animals can provide important information for
assessing their ecological and economic role in both natural and human-altered ecosystems. Such
assessments require accurate and reliable estimates of population density and the amount of food
consumed. Realistic estimates of the amount of food consumed should be based on energy budgets
derived from both the amount of energy expenditure and exported. One of the goals of the present study
was to use compartment models and empirically-derived field data on time budgets (based on
radiotelemetry), field metabolic rate, FMR (based on doubly labeled water), stage of lactation (based on
age of growing pups), milk energy output (based on daily water flux in pups and proximate composition
of milk), and variation in roost temperatures (recorded with remote recording devices) to estimate the
daily energy budget of Tadarida brasiliensis during lactation. Data from radiotelemetry indicate that
.lactating females have two discrete foraging periods during lactation, with the amount of time spent on
the wing averaging eight hours per night. Females spend the balance of a 24-hour period occupying day
and night roosts--exposed to contrasting thermal conditions and exhibiting different activity levels. The
average daily energy expenditure of T. brasiliensis at peak lactation, based on field metabolic rate (FMR)
is 31.6 kJ/day. Of this amount, a total of 22.8 kJ/day (72.1%) is allocated to flight (commuting and
foraging) and 8.8 kJ/day (27.96/0)is allocated to day- and night-roost activities. In addition, a total of26.0
kJ/day is exported as milk during peak lactation. Thus, the total energy budget (FMR + milk export) of a
female T. brasiliensis at peak lactation is 57.5 kJ/day. A lactating female may allocate as much as 45.1%
of its nightly energy intake to milk export. Using these estimates, the predicted energy equivalent of an
insect diet (mostly beetles and moths), and assuming an 88% assimilation efficiency, an 11.5 g female T.
brasiliensis at peak lactation would consume ca. 8 g of insects each night (ca. 70% of its body mass).
Based on these estimates, a colony of 10 million lactating Brazilian free-tailed bats would consume the
equivalent of ca. 72 metric tons of insects nightly. Obviously, differences in the types of insects eaten
(e.g., beetles, moths, etc.) will influence a bat's assimilation efficiency and quantity of insects consumed.



Montserrat Redux-Recovery: Role of Reproduction in Plant-visiting Bats
Kwiecinski, Gary G. and Scott C. Pedersen

University of Scranton, Scranton, PA; South Dakota State University, Brookings, SD

The Indiana bat (Myotis sodalis) is the only mammal on the federal list of endangered species
that consistently breeds in Michigan. We have captured over 100 Indiana bats in the state since
1990, and we combined these captures with previous records to analyze geographic, seasonal, and
reproductive patterns. Most Indiana bats from Michigan winter in southern Indiana or Kentucky,
but a few hibernate at Tippy Dam in northern Lower Michigan; warm-season records (April
October), in contrast, exist for 12 counties in southern Lower Michigan. Births typically occur in
rnid-to-late June, and lactation lasts 3-5 weeks. Eighty-nine percent of adult females are
reproductive (pregnant, lactating, or postlactating), and 11% of all adults are male. We suggest
that other researchers analyze their accumulated data to determine whether reproductive rates are
consistent across the range or low in areas associated with population declines.

Hurricanes and volcanoes are large scale, high intensity perturbations that impact the
structure and function of tropical ecosystems. Bats are key agents of pollination and seed
dispersal in the tropics but little is known about their response to and recovery from such natural
disasters. Frugivorous and nectarivorous bats make a significant contribution to tropical forest
succession (e.g., seed dispersal, flower pollination) and have a large impact on the distributional
and genetic structure of the tropical plant community, and are therefore important to ecosystem
recovery from traumatic events. Among the islands of the Lesser Antilles, Montserrat is unique
because it has recently experienced the trauma of both hurricanes and volcanic activity. Census
of plant-visiting bat populations before and after the most recent pyroclastic event have indicated
an increase in plant-visiting bat numbers, due primarily to an increase in captures of Artibeus
jamaicensis and Monophyllus plethodon, two of the four plant-visiting species present (see
Pedersen and Kwiecinski). For Ardops nichollsi and Brachyphylla CGl'ernarum, our census data
correlate well with literature accounts; they follow the general tropical pattern of a single,
population-wide reproductive effort at the time ofmaxirnum food availability. For Monophyllus
plethodon, the literature hints at a distinct breeding season, but the census data indicate a
seasonally bimodal pattern. More information is needed for this species to verify its reproductive
pattern. Artibeus jamaicensis is known to be polyestrous and seasonally bimodal. Data from
captive Artibeus jamaicensis indicate individuals can produce three young per year if there is no
delayed development. Our census data confirm polyestry, but more data are needed to determine
if the population is synchronized and bimodal. The effect of recent perturbations on demographic
patterns of plant-visiting bats can be estimated by examining the proportion of captured
individuals that are juveniles. This proportion measures recent reproductive success and is an
index of potential for an increase in population density in the near future. For Artibeus
jamaicensis, juveniles were not captured during the time of major pyroclastic events (1995-1997)
but were 16.8-20.6% during the recent recovery period (2000-2002). This is a significant
difference in demographic structure and together with their reproductive potential, can account
for the dominance of Artibeus captures. Furthermore, the increase in numbers and proportion of
juveniles provide an index of post-perturbation recovery.
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Ecological Aspects of Indiana Bats (Myotis sodalis) in Michigan
Kurta, Allen and Heidi Rice, Eastern Michigan University, Ypsilanti, MI
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A Survey of the Bats of New Boston Air Force Station
in South-central New Hampshire

LaGory, Kirk E., D. Scott Reynolds, and Stephen Najjar, Argonne National Laboratory, Argonne, IL;
North East Ecological Services, Concord, NH; New Boston Air Force Station, NH

A survey of bats was conducted in June and July 2002 at New Boston Air Force Station
(NBAFS), Hillsborough County, in south-central New Hampshire. The objectives of the survey
were to determine the species present to inform natural resource management and planning on the
station. Endangered bats, specifically the state-listed eastern small-footed bat (Myotis leibii) and
the federally listed Indiana bat (Myotis sodalis), were of particular interest. NBAFS, a satellite
tracking station, is mostly undeveloped and consists of a mosaic of deciduous, coniferous, and
mixed forests of various seral stages. Wetland habitats, open areas, rock outcroppings, and cliff
habitats are scattered throughout the station. Ten locations were sampled for a total of648 net-m
nights with a combination of horizontal, stack, and canopy nets. Acoustic sampling of these
locations was also conducted using Anabat detectors (20 detector-nights). Although relatively
few bats were captured (29 individuals), diversity was high (6 species), and several species that
are rarely captured in New England were found. Species captured included: little brown bat
(Myotis lucifugus, N=ll), big brown bat (Eptesicus jUscus, N=IO), northern long-eared bat
(Myotis septentrionalis, N=2), hoary bat (Lasiurus cinereus, N=2), red bat (Lasiurus borealis,
N=2), and eastern small-footed bat (Myotis leibii, N=2). A total of2,225 calls from seven species
was recorded with Anabat equipment. In general, the acoustic sampling results agreed with those
from mist nets. Additional species detected, but not netted, were eastern pipistrelle bat
(Pipistrellus subflavus) and silver-haired bat (Lasionycteris noctivagans) bringing the total
number of species found on NBAFS to eight.

Muscle Fiber Types in the Abdominal Walls of Two Bats (Microchiroptera)
Lancaster, Winston C. and O. W. Henson, Jr.

California State University, Sacramento, CA; University of North Carolina at Chapel Hill, NC

The physical properties of skeletal muscles can be characterized by the staining
characteristics of muscle cells for the enzyme myofibrillar adenosinetriphosphatase. Using these
characteristics, muscle cells have been classified as slow-contracting (Type I), fast-contracting
oxidative/glycolytic (Type II a) and fast-contracting glycolytic (Type II b). We examined muscle
fiber types in the lateral abdominal wall muscles and rectus abdominis in two bats, Pteronotus
pamellii and Macrotus waterhousii. In five individuals, the rectus abdominis of P. pamel/ii had
an average of30% Type I, 30% Type II a and 40%Type II b fibers. This contrasts with the lateral
abdominal wall in which the proportions (in three bats) were 7%, 18% and 75%, respectively. In
one individual of M waterhousii, the rectus abdominis had 1~Io Type I fibers, 69% Type II a
fibers and 13% Type II b, in comparison to proportions of 0%, 45% and 55% (respectively) in the
muscles of the lateral abdominal wall. By Chi-squared analysis, we found the proportions of

muscle fibers to be significantly different between the muscles within each species (X20.05, 2 =
62.1; p<O.OOOI), and found each of the muscles to be significantly different between the two

species (P. pamellii, x,20.05, 2= 1089.2; p<0.0001; M waterhousii, lO.05, 2 = 62.0; p<O.OOOI).
The lateral abdominal wall and the rectus abdominis have functional differences that are reflected

in these differences in physiological properties. The lateral abdominal wall is adapted for rapid
forceful contractions needed to power echolocative calls; the rectus abdominis retains a
significant proportion of slow-contracting fibers indicating postural functions. The differences in
the muscles in M waterhousii are more difficult to interpret in that slow-contracting fibers are
absent in the lateral abdominal wall, and are less than 20% of fibers in the rectus abdominis.
These data indicate the need of further examination of the function of the abdominal wall muscles

inM waterhousii. Supported byUSPHS grantNiDC DC 00114 to O.W. Henson, Jr.



Associations of Lunar-correlated Activity Rhythms of Neotropical Katydids with
Activity Patterns of the Gleaning Insectivorous Round-eared Bat, Tonatia silvicola

Lang, Alexander B., Elisabeth K. V. Kalko, Dina K. N. Dechmann, and Cecile Bockholdt
Karl-Franzens-University Graz, Austria; University ofUlm, Germany; Smithsonian Tropical Research

Institute, Panama; University of Zurich, Switzerland

The bat community on Fort Knox, KY was surveyed in 2002 as part of a larger effort to
investigate potential impacts of high-caliber weapons fire on bats. Three sampling efforts,
totaling twelve nights, were completed between April and August of 2002. Creeks, lakes, and
forest edges were sampled using mist-nets and Anabat II bat detectors. Because of range safety
considerations, central and eastern portions of the installation within firing range impact areas
were not surveyed. Sites within the northern portion were mist-netted in 1999-2000 as part of
unrelated studies. Sites near heavy caliber weapons ranges in the southern portion of the
installation were the focus of much the sampling. However, as opportunity presented, sites
within the central and western portions were surveyed. In total, 116 bats were netted, with
Pipistrellus subjlavus and Lasiurus borealis comprising the bulk of captures. The endangered
species Myotis grisescens and M. sodalis are known to occur on the installation, but only M.
grisescens was netted during our surveys. Some species of bats were tentatively identified using
bat detectors, but were not captured during mist-netting. Ultrasonic calls recorded during bat
detector surveys were identified to species using a discriminant function analysis and a large
library of "known" calls developed by E. Britzke (Tennessee Tech University) for Southeastern
bat species. Surveys will be ongoing through 2004.

For a range of animals, a correlation of varying environmental light conditions during the
lunar period and with activity patterns has been observed. However, the effects of moonlight on
insect activity are still controversial and thus also the effects behavioural changes may have on
their predators. Studies reported variable results depending on the methods being used
(Hardwick, 1972; Williams & Singh, 1951; Brown & Taylor, 1971). Several insect species
showed a significantly lower abundance during full moon periods. Similar avoidance of bright
moonlight conditions has also been reported for several groups of nocturnal mammals, such as
rodents (Bowers, 1988, 1990), lagomorphs (Butynski, 1984) and bats (Erkert, 1974; Fenton et.
al., 1977; Morrison, 1978). Nocturnal Neotropical katydids are a major protein source for many
insectivorous bats on Barro Colorado Island, Panama (Belwood & Morris, 1987; Kalko, 1996).
One species that is well known in its behaviour and dietary choice is the perch hunting bat
Tonatia si/vicola. It catches katydids and other insects in the forest under story by using acoustic
cues produced by its prey (Belwood, 1988; Servatius & Kalko, 1997). The nocturnal activity of
Neotropical katydids on Barro Colorado Island, Panama, varies significantly within the lunar
cycle. Two different sampling methods, either by systematically collecting katydids manually at
the lights of the lab buildings, or with systematic searches in the dark forest, showed a decrease in
the number of captured individuals close to full moon. In addition, long term recordings of the
background noise level in the forest varied with the moon phase - the sound pressure level was
significantly higher around new moon. Calling crickets and katydids contribute predominantly to
the background noise, thus the reduced noise level during full moon corroborates the abundance
of potential prey for the bats during this time (Lang et al, in press). To link the observed changes
in katydid activity level with possible changes in predator behaviour, we analyzed the activity
pattern of T. si/vicola using telemetry and infrared video recordings at their roosts. The results
demonstrate a significant effect of moonlight intensity on bat behavior. During the full moon
phase, the bats drastically reduced their activity level and stayed for most of the night in their
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Bat Surveys on Fort Knox, KY, 2002
Lance, Richard F., Chester O. Martin, Bruce M. Sabol, David K. Delaney, and Larry L. Pater
U.S. Army Engineer Research and Development Center, Environmental Lab, Vicksburg, MS;

Construction Engineering Research Lab, Champaign, II..,
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roost. Therefore, we suggest that the observed lunar phobia of T. silvicola may be mainly a result
of low prey availability during the full moon phase rather than of predation pressure on the bats
itself as it has been suggested for other bat species such as the canopy frugivore Artibeus
jamaicensis (Morrison, 1978). Further evidence and discussions on this behavior pattern will be
presented.

Capture Rates of Four Species of Fruitbats on Montserrat
Larsen,PeterA.and ScottC. Pedersen,SouthDakotaStateUniversity,Brookings,SD

The mist net capture times of over 200 fruitbats were recorded on the island of Montserrat
during late July and early August of 2002. Seventeen sites were sampled with an average of 5.8
mist nets at each site. Captures occurred between the hours of 18:50 and 23:20. Analysis of
these times revealed an interesting pattern of foraging activity amongst four species of
Phyllostomid bats: Artibeus jamaicensis, Monophyllus plethodon, Ardops nichollsi, and
Brachyphylla cavemarum. Capture times for Artibeus and Monophyllus were similar; the earliest
netting of both species occurred at 18:50hrs, and both shared a peak capture rate (18 Artibeus and
12 Monophyllus per 100minuteinterval) between 19:00 hrs and 19:30 hrs. During this sampling
period, Ardops was first netted at 19:20 hrs, appearing 20 minutes after the earliest Artibeus and
Monophyllus captures. A somewhat constant capture rate for Ardops existed throughout the
sampling time frame, with an average of 0.8 captured every 10 min between the hours of 19:20
and 22:10. Brachyphylla appeared relatively late during the sampling period; it's earliest capture
being at 20:10 hrs. The late appearance by Brachyphylla coincided with a decline in the capture
rate of Artibeus, suggesting a possible competitive interaction between the species. Early capture
times of Artibeus, Monophyllus, and Ardops could be attributed to the relative close proximity of
their roosts to their foraging locations (short transit time). The late arrival by Brachyphylla at
each site may be due to: 1) Brachyphyl/a has been observed emerging from their cave roosts well
after sunset and 20 min. after the emergence of Artibeus (Nellis and EWe 1977), and 2)
Brachyphylla would have a somewhat longer transit time to its foraging sites from coastal caves
averaging 1.90 km from the sampled locations.

Thermoregulation and Microclimate in Maternity Colonies of Eptesicus fuscus: The
Consequences of Roost Structure

Lausen,CorlL.,Universityof Calgary,Calgary,AB

Roost microclimate has been identified as an important factor influencing roost choice by
bats and can affect the costs of thermoregulation as well as growth rate. I studied a maternity
colony of big brown bats (Eptesicus fuscus) roosting in natural rock crevices along the South
Saskatchewan River in Alberta, Canada and compared patterns of thermoregulation by pregnant
and lactating females to those of females roosting in a nearby building (ESS; Hamilton & Barclay
1994). The frequency of torpor use (% of bat-days) was the same for the two locations, but
building-roosting bats used deep torpor more frequently during pregnancy, and had lower mean
minimum body temperatures (fb) throughout the reproductive season. I compared microclimate
in ESS and one other E. fUscus building-roost (ECH) with that of the rock-crevice roosts. Both
buildings offered warmer conditions day and night, creating conditions more conducive to
juvenile growth. Bats roosting in warm building conditions and using deep torpor to a greater
extent, would realize greater energy savings than those roosting in cooler rock crevices and
maintaining higher Tb when torpid. I suggest that rock-roosting bats maintain higher Tb despite
colder roosting conditions to remain vigilant. Roosting in buildings may provide a three-fold
advantage over roosting in rock crevices: lower predation risk, higher juvenile growth rates, and
increased energy savings. From a conservation standpoint, these results highlight the importance
of building-roosts to some species of concern for which thermoregulatory studies have not been
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done, and thermal roosting needs are not understood. It is possible that colonies in buildings
experience greatest reproductive success, and may be capable of re-colonizing surrounding
natural areas. These results also suggest that studies of thermoregulatory behavior and life
history traits of bats in human-made structures may give false impressions of these characteristics
in natural roosting situations.

Individual Marking of Captive Flying Foxes for Behavioral Observations
LeBlanc, Dana M., DeeAnn M. Reeder, and Nicole S. Kosteczko

The Lubee Foundation, Gainesville, FL; Boston University, Boston, MA; University of Scranton,
Scranton, PA

Traditional marking of captive flying foxes in captivity with stainless steel thumb bands or .
electromagnetic transponders only facilitate individual identification while in close proximity.
Plastic thu.-nb bands offer better visual identification over a short distance, but bands are not
available for larger bats and some individuals are adept at removing these easy-to-use bands.
Chemiluminescent tags offer excellent individual identification at night, but fade over a period of
hours. A combination of two temporary marking methods, colored tubing necklaces and fur
bleaching, may offer better long distance identification and facilitate behavioral observations
during the day and at night. Forty-eight Malayan flying foxes (Pteropus vampyrus) at the Lubee
Foundation, Inc. were marked with 1) necklaces using beaded chain inserted into 1/4" vinyl
tubing with Rexlace® [plastic lacing] threaded through the tube and 2) bleached fur on both their
abdomen and their back using a mixture of Clairol Professional® Pure White [30 Volume Creme
developer] and BW2 a dust-free lightening concentrate. Both marking methods were
accomplished during approximately 15 minutes of anesthesia and complimented each other for
accurate visual identification. Fur bleaching on both the ventral and dorsal aspects provided the
best identification from a distance from any angle. Because this marking method was temporary,
large conspicuous symbols or numbers could be used. The necklaces provided short distance
identification and identifY confirmation when the bleached symbols were similar or when they
were not visible due to the bat's position or body posture. Several collars have been lost,
potentially due to crimping of the chain prior to being put on the bat. One collar was removed
when a laceration was found on half the circumference of the neck. The cost of both of these

techniques is minimal at less than a dollar per bat. These techniques could be used both in
captive and field settings.

What's Your Zone?
Determining the Implications of Variation in the Zone of Reception

Livengood, Kimberly, Ronald Drobney, Chris Corben, and Richard Clawson
Missouri Cooperative Fish and Wildlife Research Unit, University of Missouri, Columbia, MO;

Missouri Department of Conservation, Columbia, MO

The zone of reception (the volume of space being sampled by a bat detector) is dependant on
many factors including: the characteristics of the bat call (frequency and intensity), transmission
of the call through the atmosphere (varying with temperature, humidity, and barometric pressure),
and bat detector characteristics (microphone and amplifier response characteristics, sensitivity
setting, battery voltage, and variation between units). Weather data were collected to assess the
range of atmospheric conditions likely to be experienced in the field while recording bat calls,
and the sensitivity characteristics of seventy-two new Anabat detectors were measured to
determine the inherent variability among bat detectors. These data were collated to determine the
practical significance of each factor on the Anabat's zone of reception for 40kHz bat calls. The
implications of these findings are discussed, and recommendations for reducing variability are
made.
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Effects of Forest Thinning and Prescribed Burning on Bat Activity
in the Piedmont of South Carolina

Loeb, Susan C., Thomas A. Waldrop, and David W. Leput, USDA Forest Service, Southern Research
Station, Clemson, SC; Department of Forest Resources, Clemson University, Clemson, SC

Based on morphological and acoustical considerations, several investigators have predicted
that structurally complex environments, such as dense forests, will not be used by many species
of bats. Thus, forest management practices that decrease clutter may increase the suitability of
many forested stands for bats. We tested this hypothesis using two common forest management
practices that decrease stand density: thinning and prescribed burning. The study was conducted
on twelve 14-ha plots on the Clemson Experimental Forest in the Upper Piedmont of South
Carolina The plots were located in 17-50 year-old pine-hardwood stands. The study design
consisted of three replicates of four treatments: Control, Thin, Burn, Thin+Burn. From
May-August 2002 we mist-netted in the vicinity of the plots to determine the composition of the
bat community. We used AnabatII bat detectors to sample bat activity on each plot during two
nights each month from May through August 2001 and 2002. Bat detectors were placed at two
random grid points for the first night and moved to new points on the second night. One detector
was placed at the top of a 10m extendable pole and the other was placed at approximately 1 m
above ground. Red bats (Lasiurus borealis), big brown bats (Eptesicus jUscus), eastern
pipistrelles (Pipistrellus subjlavus), and evening bats (Nycticeius humeralis) were the most
common bats captured; we also captured one silver-haired bat (Lasionycteris noctivagans) and
one seminole bat (L. semino/us). Bat activity was significantly lower in 2002 than in 2001, and in
both years, we recorded significantly higher activity from detectors mounted on lO-m poles than
from detectors close to the ground. Bat activity also varied significantly among treatments. In
2001, bat activity was significantly higher in Thin and Thin+Burn plots than in Control or Burn
plots. In 2002, bat activity was significantly higher in Thin, Burn, and Thin+Burn plots than in
Control plots. Thus, in the short-term, forest management practices that decrease tree density
increase habitat suitability for bats. Other benefits of .these practices, such as increased tree
growth resulting in larger trees and snags, should favor bats in the long-term.

Influence of Forest Ecosystem Type on Bat Habitat Use in the Northern Skagit
Watershed, British Columbia

Luszcz, Tanya M. J., University of Calgary, Calgary, AB

In forest ecosystems, several factors, such as species composition, age, spatial complexity
and elevation, may influence bat habitat use. The majority of British Columbia's bat species are
key residents of forest habitats, and understanding their habitat needs is important, especially
when landscapes are being artificially altered. The objectives of this study are to compare habitat
use of bats in forests of different ecosystem types in the Skagit watershed and ultimately apply
this information to a forest management perspective. I measured activity levels of forest dwelling
bats by placing remote AnaBat II detector systems in young, medium and old forests of four
different ecosystem types. Detectors were placed in natural forest gaps within a contiguous
habitat type. Following ecomorphology theory, habitat use by bats can be predicted by
differences in their wing morphology, body size and other characteristics that influence their
maneuverability. I am determining habitat use by species or species groups using Analook call
analysis software and discriminant function analysis. Reference calls were collected locally from
hand-releases of captured bats. The results from this analysis will be presented and related to
predictions of habitat use based on ecomorphology theory.



Beyond sunset emergence patterns, little is known about the entry/exit patterns of big brown
bats, Eptesicus fuscus from summer roosts. At the single small entrance/exit portal of a summer
roost, activities of all bats were continuously taped using an infrared camera, beginning in the

Flight Frequencies and Durations and ExitlEntry Sequences of Pregnant and
Lactating Big Brown Bats at a Summer Roost

Maytberger, Sheri, Dennis Viele, Eugene Studier, and Victor Mayrberger
University of Michigan at Flint, Flint, MI

Application of Ultrasonic Sound Detection and Passive Thermal Infrared Imaging
Technology for Monitoring Bat Activity Associated with Military Noise on

Department of Defense Installations
Martin, Chester 0., Richard F. Lance, Bruce M. Sabol, David K. Delaney, and Lany L. Pater Environmental

Laboratory, US. Anny Engineer Research and Development Center (ERDC), Vicksburg, MS;
Construction Engineering Research Laboratory, ERDC, Champaign, II...
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The Department of Defense (DOD) manages natural resources on numerous installations that
support populations of sensitive bat species, including the federally endangered gray bat (Myotis
grisescens) and Indiana bat (M sodalis). AU. S. Army basic research study was initiated in 2002
to investigate the impacts of military training noise, primarily high-caliber weapons fire, on the
foraging and roosting behaviors of bats. Most field sites were located on Fort Knox, Kentucky;
some preliminary tests were conducted at Meridian Naval Air Station, Mississippi. Study tasks
included development of protocols for using ultrasonic sound detection, thermal infrared imaging,
and radio telemetry. Standard mist netting procedures and ultrasonic sound detection systems
(Anabat II) were used to determine the presence of bats in selected study areas. Ultrasonic sound
detectors and thermal infrared cameras were used simultaneously to monitor bat activity at sites
subjected to various military noise sources, including high-caliber weapons fire, rocket fire, and
helicopter noise. Additional field studies to monitor bat activity and measure various noise
sources on DOD installations will continue in 2003 and 2004. Data obtained during the 2002
field season are currently being analyzed and will be used to focus study efforts in following
years.

Food Habits of the Free-tailed Bats Nyctinonwps fenwrosaccus and Tadarida
brasiliensis from Big Bend National Park, Texas

Matthews, Amanda K. and Loren K. Ammerman, Angleo State University, San Angelo, TX

Studies in community ecology are often concerned with the partitioning of resources among
similar coexisting species. Dietary composition of two morphologically similar, closely related
free-tailed bats, the pocketed free-tailed bat (Nyctinomops femorosaccus) and Mexican free-tailed
(Tadarida brasiliensis), was determined to evaluate differences in food resource use in an area of
sympatry. Foods eaten by N. femorosaccus and T. brasiliensis were determined from fecal
samples collected (May-July, September 2000, March 2002) from individual bats captured in mist
nets at two sites in Big Bend National Park, Texas. Insects present in fecal pellets were identified
to ordinal (and often familial) level using reference guides and/or by comparison to specimens
collected in light traps at netting sites. Proportion of each food item was visually estimated (to
the nearest 1%) and percent frequency was calculated Fecal pellets from 65 N. femorosaccus
and 95 T. brasiliensis were analyzed, with remains of Lepidoptera (moths), Hemiptera (true
bugs), Coleoptera (beetles), Homoptera (hoppers), and Hymenoptera (ants) found in both species.
Remains of Diptera (flies) and Orthoptera (crickets) were present only in N. femorosaccus.
Comparisons in dietary composition and temporal activity (based on nightly capture rates)
between these two species will be discussed
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evening of 4 May 2002 and continuing nightly through September. Precise (to the second)
exit/entry times for all bats using that roost were determined from a clock mounted in the
camera's field of view. Around sunrise on 4 May 2002, thirteen (12 female:l male) bats were
marked with key chain necklaces bearing unique symbol tags. This report deals only with
activities of those marked bats during pregnancy and lactation. Three females were seen for
fewer than five nights, but the remaining ten bats were observed repeatedly for the next several
months. Data analyzed thus far indicate no absolute exit/entry sequence, however, certain
individuals exhibit a loose exit/entry pattern. Nightly flight frequency and total duration by
marked bats were highly variable (range is 0 to 6 flights/night, typically I to 3; and 0 to <8
hours/night). During pregnancy, activities are highly depressed by adverse weather conditions.
Flight duration increased during lactation. Certain marked individuals exhibited consistent
unusual behavior patterns such as typically exiting the portal sideways or entering upside-down.
While most marked bats used this roost nightly, some marked individuals were absent for periods
of up to a week. One marked lactating bat carried a baby from the roost, returned the following
night without the baby, when she carried a second baby from the roost.

Virtual Bats: Manipulating the Activities of Bats and Insects as a Practical
Application for Integrated Pest Control

McCracken, Gary F., John K. Westbrook, Paul G. Schleider, Erin H. GiUam, Xu Cui, and Monika Rhodes,
University of Tennessee, Knoxville, TN; USDA-ARS-SPARC, College Station, TIC; Griffith University,

Nathan, QWLD, Austalia

Many insects, including many agricultural pests, respond to the ultrasonic calls of bats by
taking evasive action and curtailing flight activity. Earlier attempts to exploit this co-evolved
relationship using artificial ultrasound to inhibit insect activity for crop protection (Belton and
Kempster 1962) showed promise, but were not pursued because insects quickly habituated to the
monotonous ultrasonic pulses that were used in that study. Bats that forage in groups are also
known to be attracted to the feeding calls of other bats, leading to enhanced foraging activity in
areas where other bats are feeding. We have developed "virtual bats", or electronic pulse
simulators, that are programmable to emit continuously varying arrays of ultrasonic pulses that
closely mimic the complexity of search, approach, and feeding calls of real bats. Virtual bats
programmed to mimic the calls of Mexican free-tailed bats (Tadarida brasiliensis mexicana)
were field-tested in experimental (virtual bat present) and control plots (no virtual bat) in large
fields of com and cotton in South Central Texas, at a site near Frio Cave, seasonal home to
several million Mexican free-tailed bats. Experiments were conducted during the time that corn
earworm moths (Helicoverpa zea: Noctuidae) emerge in large numbers from senescent com and
infest fruiting cotton. Moth flight activity monitored using infrared (IR) video at the center of
each plot was 27% lower in the experimental plot of com and 37% less in the experimental plot
of cotton than in the respective control plots of each crop type. IR video counts of bat passes
were 18 times higher in the experimental cotton plot and 119 times higher in the experimental
com plot than counts in the respective control plots. Bat foraging activity measured as the total
numbers of echolocation pulses recorded by bat detectors in the center of each plot were almost
three times greater in the com experimental plot and over two times greater in the cotton
experimental plot than in the respective control plots of each crop type. This research documents
the effects of the variable pulses emitted by virtual bats, both in reducing moth flight activity and
enhancing bat foraging activity over crops. Data analysis will be expanded by the time this paper
is presented. On-going research is evaluating the agronomic potential of virtual bats as an
application for environmentally benign crop protection. Extension of this application for use with
other bat assemblages, and for use in high-value row and orchard crops will be considered.



Effects of Elevation on the Distribution and Sex Ratio Of Bats in the Lake Tahoe
Basin

McKenzie, Michelle M., Patricia N. Manley, and Theodore J. Weller, Pacific Southwest Research Station,
USDA Forest Service

The Effect of Canine Tooth Wear on the Diet of Big Brown Bats
Mensing-Solick, Y. Renee and Robert M. R. Barclay, University of Calgary, Calgary, AB

The purpose of this study was to determine whether canine wear influences the diet of big
brown bats (Eptesicus jUscus). We hypothesized that tooth wear reduces the ability to consume
hard-bodied insects, such as beetles, and that older E. fuscus would thus include fewer beetles in
their diet than younger individuals do. We examined 599 fecal pellets collected from 60 female
bats captured at a single maternity colony in southeastern Alberta, Canada. The diets of two age
groups (2-3 years old and >7 years old) were similar in composition, despite considerable
differences in canine wear. Diets were dominated by beetles (Coleoptera), which accounted for
30 to 40% of the identifiable food items. Younger bats included more beetles in their diet,
although the difference was not statistically significant. The results suggest that older bats are
still able to use their worn canines to effectively puncture hard exoskeleton, perhaps because of

Understanding of landscape-scale habitat use, and species distributions continue to be an
important objective for bat research. In particular, knowledge of the use of high elevation sites by
bats is poorly known. Species accounts typically supply an elevational range for the species, but
it is not always clear as to what portion of the range this applies and whether it applies equally to
both sexes. It is generally understood that males and females segregate by elevation with females
using lower elevation sites. We evaluated these assertions for eleven species in the Sierra Nevada
using 217 mist net surveys of 66 sites in 2001 and 2002, and preliminary results of 200 1 acoustic
survey data. These surveys were conducted around Lake Tahoe as part of a developing
systematic landscape approach to monitoring bats and for acquisition of baseline information.
High elevation data will be compared to data from low elevation surveys, conducted over the
same time period, to address two primary questions: which species distributions are most affected
by elevation, and which show the most pronounced sexual segregation with elevation. Questions
specific to certain species will also be presented.
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Effects of Sex Steroids & Temperature on Mating Behavior in Male Big Brown Bats
Mendon~a, Mary T., Auburn University, Auburn, AL

Male and female big brown bats exhibit a dissociated pattern of reproduction. They mate in
the late fall and throughout the winter upon periodic arousal from hibernation when plasma
steroid levels are basal and gonads are inactive. For the past several years, we have been
categorizing the various reproductive behaviors exhibited by the bats and the factors controlling
their expression. In previous experiments, males and females mated even when gonadectomized
(GX) 6-12 months before the beginning of the mating season but the behavior is potentiated by an
exposure to 5 C for 7 d and with a return to 22 C (a typical temperature fluctuation in this
Alabama population). We have continued to vary temperature and hormone regimens throughout
the mating season. Males and females will exhibit sexual behavior when exposed to either
constant 22 C (CaNST ANT), repeated exposures of 5 C for 7 d (LONG), and repeated exposures
to 5 C for 1 d (PULSE) with returns to 22 C for 4 d, regardless of hormone treatment (e.g. Gx,
GX+steroid replacement, GX+steroid antagonist) in almost all cases. However, exposure to low
temperature can significantly increase mating intensity. After 2 months of CaNST ANT
exposure, these bats were given a LONG exposure and, in response, animals from all steroid
treatment groups exhibited significantly higher levels of mating.
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the angular shape of the worn teeth. However, tooth wear may still influence the diet of bats as
food particle size may influence the amount of energy available to insectivorous bats during the
later stages in life.

Conservation of Co-roosting Philippine Flying Foxes:
What's Happening to the Endemics?

Mildenstein, Tammy L., Sam C. Stier, C. E. Nuevo-Diego, Apolinario B. Carino, and L. Scott Mills,
University of Montana, Missoula, MT; University of the Philippines, Los Banos, Philippines; Silliman

University, Dumaguete City, Negros Or., Philippines

Large flying foxes in insular Southeast Asia are the most threatened of Old World fruit bats
due to high levels of deforestation and hunting, and effectively little local conservation
commitment. Endemic bats in this region are of most concern, because of their limited
distribution and sensitivity as habitat specialists. Subic Bay, Philippines, has a large colony of
two species of co-roosting fruit bats. The Philippine giant fruit bat (Pteropus vampyrus lanensis)
is a subspecific member of a species distributed through Southeast Asia, and the endangered
golden-crowned flying fox (Acerodon jubatus) is a Philippine endemic. These large flying foxes
are optimal for conservation focus as keystone, flagship, and umbrella species, which are also
important to Subic Bay's economy and indigenous cultures. Our project goal was to promote
conservation of these bats, especially of the endemic Acerodon jubatus. Habitat selection
information helps streamline management efforts. We used radio telemetry to describe the bats'
nighttime use of habitat on two ecological scales: vegetation and microhabitat. The recorded bat
locations ranged between 0.4 km and 12 km from the roost. By comparing the bats' use to the
availability of habitat types, we found they showed a preference for undisturbed lowland,
mangrove, and beach forests over the disturbed and agricultural areas. Bat locations also
indicated selection for fruiting/flowering bat trees and a strong preference for riparian areas.
From these results we recommend that management focus their flying fox conservation efforts on
protecting undisturbed forest and, especially, riparian areas. Acerodon jubatus needs special
conservation attention, since it is an endemic and likely a forest specialist. Our habitat selection
research showed they spent much more time in the forested study area than collared Pteropus
vampyrus. As a follow up study, we surveyed the largest remaining roosts in the country thought
to have Acerodon jubatus. Such roosting populations historically numbered in the 100,000's and
were found on every major island Now, over 93% of the Philippines is deforested, and what is
left is fragmented. We, therefore, hypothesized that remaining roosts contain more of the
generalist, Pteropus vampyrus than the endemic Acerodon jubatus. The largest roost we
surveyed had over 23,000 fruit bats, but most had fewer than 5000. Many of the roosts did not
have Acerodon jubatus at all, and those that did were over 90% Pteropus vampyrus. These data
suggest conservation efforts for Acerodon jubatus will be crucial to their persistence.

Tree-roost Characteristics of Female and Male Evening Bats (Nycticeius humeralis)
in Loblolly Pine and Longleaf Pine Forests of Southwest Georgia

Miles, Adam C., Steven B. Castleberry, Darren A. Miller, and L. Mike Conner
University of Georgia, Athens, GA; Weyerhaeuser Company, Columbus, MS; Joseph W. Jones Ecological

Research Center, Newton, GA

Natural longleaf pine (Pinus palustris) forests continue to decrease while intensively
managed loblolly pine (Pinus taeda) plantations increase in the southeastern United States. The
impact of this change in forest structure on bat roosting ecology has not been adequately
investigated. Furthermore, few studies have investigated bat roosting ecology simultaneously in
intensively managed and natural pine forests landscapes. Our objective was to characterize
evening bat day-roosts in managed loblolly pine and natural longleaf pine landscapes. The study



Miniopterus schreibersii and M. fratercu/us are morphologically similar species that
frequently share roosts. Distinguishing between them in the field is complicated by overlap in the
ranges of forearm and mass. However, there are characteristic genetic differences in
microsatellite allele frequencies and mitochondrial DNA (mtDNA) haplotype sequences between

Discriminating Between Schreibers' Long-fingered Bat (Miniopterus schreibersii) and
the Morphologically Similar Lesser Long-fingered Bat (M.fraterculus) in the Field,
and Confirmation of Population Substructuring in M. schreibersii in South Africa

Miller-Butterworth,CassandraM.,DavidS. Jacobs,SamanthaStoftberg,andEricH. Harley
Universityof CapeTown,SouthMrica

was conducted on two study sites in the Gulf Coastal Plain of Georgia. The Joseph W. Jones
Ecological Research Center (Ichauway), Baker County, Georgia is a second growth mature
longleaf pine ecological reserve managed with a two year fire rotation. The Aultman Tract,
Worth County, Georgia is managed by Weyerhaeuser Company for loblolly pine sawtimber and
pulpwood production with a 30-year clearcut rotation. During summer 2002, we radiotracked 15
females and 15 males to 32 and 28 day-roosts on Ichauway, and 11 females and 12 males to 11
and 18 day-roosts on The Aultman Tract (n = 53 bats and 89 day-roosts). Pines (Pinus spp.) were
the most common roosts of both sexes (69% overall), with the remaining roosts in hardwood
trees. Females used snags (37%) more than males (7%) on Ichauway, but snags were used by
females and males in similar proportions on The Aultman Tract (27% and 22%, respectively).
Exit counts also were conducted when time permitted, and we found a large longleaf pine snag
(dbh = 57.1 cm, approx. height = 23.2 m) on Ichauway that contained approximately 490
individuals. Differences in roost tree and site characteristics will be discussed.
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Habitat Management for Forest-roosting Bats of North America:
A Critical Review of Habitat Studies

Miller,DarrenA., EdwardB. Arnett,andMichael1.Lacki,WeyerhaeuserCompany,Columbus,MS;
OregonStateUniversity,Corvallis,O~ Universityof Kentucky,Lexington,KY

Public and private land managers increasingly are being asked to consider habitat needs of
bats when planning forest management activities. However, reliability of current data on which
to base management of forest-roosting bats is uncertain. Therefore, we surveyed peer-reviewed
manuscripts pertaining to habitat ecology of forest-roosting bats for the period 1980-2001. We
found that there are limited data to support science-based habitat management for forest-roosting
bats because there have been relatively few studies (56) conducted during this 21-year period.
Additionally most of these studies have occurred primarily in older-aged forests with little to no
active forest management, and current research has primarily focused on roost site selection to
infer habitat relationships and response to habitat change. Limited sample sizes and
pseudoreplication were prevalent and management recommendations often were made without
regard to inferential bounds of collected data. We contend that studies using bat detectors have
limited ability to infer habitat selection, per se, and recommend that studies incorporating
detectors define more appropriate objectives regarding habitat associations. The best use of bat
detectors may be generation of hypotheses of habitat selection to be tested with more appropriate
techniques. There also is a need to conduct more long-term, holistic, experimentally designed
research and to expand habitat research to include a wider diversity of forest types and
management regimes. We suggest development of cooperative research efforts to secure
sufficient funding and logistical support for such studies. We also recommend authors clearly
state the objectives of their study, its sampling assumptions and limitations, define the inferential
space, ensure results are interpreted within inferential bounds of their data, especially at the
proper spatial scale, and use consistent terminology when articulating concepts and results of
their work.
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the two species. Cranial and morphological measurements from museum specimens were
compared using Principal Component and Discriminant Function Analyses, to find morphological
variables that could distinguish between them in the field. Length of hind foot (HF) and total
body length (TL) were responsible for most of the variation between the species. A function
generated from standardized canonical variables, (HFxO.279417) - (TLxO.989306) +100,
generated negative function scores for M. schreibersii and positive scores for M. fraterculus.
This function was used successfully to assign 20 individuals (identified as M. fraterculus or M.
schreibersii from their mtDNA sequences) to their respective species, and thus provides a useful
tool for discriminating between the species in the field. Schreibers' long-fingered bat,
Miniopterus schreibersii migrates seasonally between hibernacula and maternity colonies in
South Africa Previous behavioural studies suggested roost fidelity is well developed and
juvenile dispersal may be limited, possibly in both sexes. Strong philopatry may lead to restricted
gene flow among colonies, resulting in genetically distinct breeding subpopulations.
Microsatellite analysis of ~300 individuals, sampled from ten colonies throughout South Africa,
indicated that significant genetic heterogeneity exists in the M. schreibersii population, such that
it can be subdivided into three partially discrete breeding subpopulations, the locations of which
correspond to four biomes. This suggests the bats may be adapted to local environmental
conditions, and is supported by Principal Component Analysis of morphological parameters,
which indicates that bats from different subpopulations differ significantly in wing morphology,
particularly aspect ratio. To determine whether male and female M. schreibersii exhibit similar
levels of philopatty, population substructure was also examined using maternally-inherited
mtDNA. Approximately 530 bp of the control region was sequenced in 80 individuals.
Phylogeographic clustering of mitochondrial haplotypes correlates closely with the nuclear
results. Both markers indicate little differentiation exists among colonies within the three
subpopulations, but different subpopulations are strongly differentiated, and gene flow among
them is restricted. Such extensive population substructuring is unusual for volant, migratory
species, which generally show limited population differentiation, particularly at the nuclear level.
Furthermore, the close correlation between mitochondrial and nuclear results suggests males as
well as females exhibit strong philopatry, which is unusual in mammals.

A Collaborative Effort to Restore Feeding Areas for Nectar-feeding Bats in
Tamaulipas, Mexico

Moreno,Arnulfo,AaronTerrazas,andSteveWalker
InstitutoTecnologicode Cd.Victoria,Tamaulipas,Mexico;DireccionGeneralde VidaSilvestre,Cd.

Victoria,Tamaulipas,Mexico;BatConservationInternational,Inc.,Austin,TX

The Mexican state of Tamaulipas is located in northeastern Mexico. It shares its border with
Texas. Five species of nectar-feeding bats (Glossophaga soricina, Anoura geoffroyi, .
Choeronycteris mexicana, Leptonycteris curasoae and L. nivalis) have been reported from this
State. Three of these species (Choeronycteris mexicana, Leptonycteris curasoae and L. nivalis)
are protected by both Mexican and United States laws. Habitat degradation and illegal
exploitation of wild agaves are considered the primary threats to these species. In the last five
years these threats have intensified due to increased soil erosion, wild fires and demand for
Mescal and Tequila. A recent (2000) study reveals that more than 90% ofTamaulipas has severe
soil erosion. From 1998 to 2001, wildfires destroyed about 23,970 hectares of forest in this state
alone. Also, a significant increase in demand for Mescal and Tequila dramatically diminished the
availability of cultivated agaves, forcing producers to harvest wild agaves. This is significant
because wild agaves are the main food source for these bat species in northeastern Mexico. In an
attempt to address this growing threat, in 2000 we started a program to plant wild agaves in
highly eroded areas and areas affected by wildfires in Tamaulipas. To date, we have collaborated
with people in local communities to plant 22,000 wild agaves in priority habitat for these bat
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species. Despite these efforts, the rate of habitat degradation exceeds the rate of habitat
restoration. For this reason, we are investigating more cost-efficient techniques to propagate and
plant wild agaves.

Morphological Variation Between Two Cryptic Species of Paleo tropical Bats
(Hipposideros bie%r)

Murray, Susan W. and Tigga Kingston, Boston University, Boston, MA

Tropical bat assemblages are the most diverse among mammals, with local species richness
exceeding 60 species at some Neotropical and Paleotropicallocations. Many bat assemblages
contain species that are tightly packed in ecological and morphological space. Questions have
inevitably arisen as to whether these species-rich assemblages are structured in any way and if
they are, whether stochastic or deterministic processes are responsible for the observed patterns.
Although a number of ecomorphological studies have described patterns in the structure of bat
assemblages and attributed these patterns to resource partitioning, the role of competition in
structuring bat assemblages remains equivocal. By studying cryptic species in sympatry, we can
begin to address questions such as, how different species must be morphologically and
ecologically to coexist. This preliminary study addressed this question by examining the
morphological differences between two acoustically divergent but morphologically cryptic
populations of Hipposideros bieolor in Peninsular Malaysia. Although these populations
occurred sympatrically and occupied the same caves, they were genetically distinct. The
echolocation calls of the two phonic types had different frequencies of maximum energy, 131
kHz versus 142 kHz. Several measures of body size (body mass and lengths of forearm and
tibia), noseleafmorphology (height and width of posterior, intermediate, and anterior noseleaves),
and ear size (height and width) were measured for bats captured in four-bank harp traps set along
trails and at cave openings. These same measurements were taken on voucher specimens to more
accurately quantifY external morphology and to assess whether measurements taken on live
animals were reliable. Phonic types were distinguished by determining frequency of the CF
portion of echolocation calls (131 kHz versus 142 kHz) of hand-held individuals using a
Pettersson 0-980 ultrasound detector and SonoBat for call analysis. To examine possible
differences in feeding ecology, cranial morphology was quantified and compared between the
two phonic types. Finally, baculum morphology was compared among H. bieolor. Predictions
about the ecology of the two phonic types are discussed as well as possible hypotheses for their
evolution.

A Technique for Obtaining a Library of Naturalistic Echolocation Calls from a
Known Individual

Nawojchik, Laura, Joe Wernet, and W. Mitch Masters, Ohio State University, Columbus, OR

It is difficult to obtain a large number or wide range of naturalistic echolocation calls from a
known individual, such as a laboratory bat or one captured in the field. Our lab has an interest in
recognizing individual bats using echolocation calls, for which obtaining extensive call libraries
from known individuals is essential. To address this problem, we developed a technique offlying
bats at the end of a light-weight fishing line using a spin-casting rod and reel. The bat is secured
with a slip-knotted noose of elastic thread around its neck. A small glowstick attached to the line
near the bat permits visual tracking. The fishing line can either be played out freely as the bat
flies away, or locked to restrict the bat's flight. Field trials using big brown bats (Eptesieus
fuseus) have allowed us to obtain many and varied sonar calls from heights up to >30 m and
distances >40 m. This technique should therefore be helpful for echolocation researchers wishing
to obtain calls in varied locations over long distances and high altitudes, and yet recover the bat.
We were concerned, however, that the noose, glowstick, and tether line might cause the bat to
produce unnatural calls. As a first step in investigating this question, we constructed an 8.6 x 4.3
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x 3.6 m (length x width x height) flight cage of light netting. Big brown bats were recorded
flying either with or without noose and glowstick. Calls were collected digitally and analyzed by
an automatic analysis program (Burnett and Masters, 2000, NASBR abstracts). Using
discriminant function analysis (DFA) on the principle components of each bat's data set, we
found a slight, but statistically significant, difference between cans with and without noose and
glowstick. Call differences, however, were subtle and were detectable only because we had
available a large number of high-quality calls for each bat. The question remains, then, whether
these slight differences are truly important, either to the bats themselves or to biologists seeking
naturalistic calls. Our analyses to date suggest that DFA developed on calls recorded with noose
and glowstick can still successfully recognize calls of those individuals when it is given calls
recorded without any such hindrances, suggesting the differences may be of minor concern.

Migration and Population Structure in the Lesser Long-nosed Bat, Leptonycteris
curosoae yerbabuenae

Newton,LyndsayR, TheodoreH Fleming,andRodrigoMedellin
UniversityofMiami,CoralGables,FL:UniversidadNacionalAutonomadeMexico,MexicoCity

The lesser long-nosed bat, Leptonycteris curasoae (phyllostomidae, Glossophaginae), is a
migratory bat found in Mexico and the southwestern United States~a second subspecies occurs in
northern South America. In South America the species has only one reproductive event per year~
babies are born in the spring. In North America, L. curasoae has at least two distinct
reproductive events; spring-birth females occupy northern maternity roosts and winter-birth
females occupy maternity roosts in southern Mexico. Individual females give birth only once a
year. We tested the hypothesis that differences in reproductive timing are a barrier to effective
dispersal in Mexico. We also re..;examinedthe Wilkinson-Fleming (W-F) hypothesis, which
predicts that females migrating north to maternity roosts follow either a coastal lowland or inland
montane route. We sequenced nearly 300 bp of control region mitochondrial DNA from 102 bats
sampled from 18 locations throughout Mexico and southern Arizona. Our analyses indicate that
movement is restricted between reproductive demes in females but not in males; however, no
significant population subdivision was detected between reproductive demes. Our results also
indicate that migrating females are more likely to move within a corridor than between corridors,
providing further support for the W-F hypothesis. We suggest that, although no reproductive
isolation is evident, adequate habitat should be maintained in both northern migratory corridors
and winter-birth migratory locations to conserve L. curasoae populations and their role as
pollinators and potential seed dispersers in arid ecosystems.

Canine Dimorphism in Phyllostomid Bats
Nicolay,ChristopherW., UniversityofNorthCarolina-Asheville,Asheville,NC

Large canine teeth occur in many species of phyllostomid bats, even species that differ
markedly in dietary habits. Beyond their obvious role in feeding, canine teeth are crucial to many
mammals for intraspecific competition (e.g. fighting, threat gestures). In many mammals (such
as carnivores and primates), the degree of canine d~orphism reflects mating strategies. The
largest canines are typically observed in species where males maintain harems, while lesser
degrees of dimorphism characterize monogamous species and those living in multi-male multi
female groups. Sexual dimorphism in skull and canine size was examined for 41 species
representing Phyllostomidae, and Pteronotus parnellii and Mormoops megalophy/la
(Mormoopidae). Measurements of the right upper canine crown height and six other
measurements of skull size were taken on (N=1039) museum specimens. A composite size
variable was generated for each skull by calculating the geometric mean of the six cranial
measurements. Canine size was adjusted for each individual by dividing canine height by the
composite size variable. Four distinct patterns of dimorphism emerged: Seven species (16%) had
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males that were significantly larger than females in both skull and canine size (after size
adjustment); 13 species (30%) had males that were significantly larger than females in canine size
alone; 18 species (42%) had sexes that were equal in skull and canine size; and 5 species (12%)
had females that were significantly larger than males in skull size, but not adjusted-canine size.
Therefore, males with enlarged canines occurred in rougWy half of the phyUostomids examined.
Comparison with published accounts of mating habits suggests that there may be some
association between canine dimorphism and the maintenance of year-round harems. However,
our knowledge of mating habits of most phyllostomid species is currently not extensive enough to
establish definite associations between canine dimorphism and mating strategy. Patterns of
sexual dimorphism show few distinct evolutionary trends from a phylogenetic perspective.
Glossophagines appear to have the highest proportion of species exhibiting dimorphism,. and
large females seem to characterize 'short-faced' stenodermatines. Often, the kind and degree of
dimorphism differs between sister taxa, indicating that dimorphism of the skull and canine may
be higWy malleable from an evolutionary perspective. The fact that marked canine dimorphism
does exist in many species of phyllostomids higWights opportunities and need for research into
mating habits, intra-specific encounters, and dietary differences between male and female bats.

Where is Waldo? Searching for Hibernacula in the Pacific Northwest
Ormsbee, Patricia C, Aimee Hart, and Lee Templeman, U. S. Forest Service, Eugene, OR

Sixteen species of bats are known to inhabit Oregon and Washington. For most species,
surveys of summer roosts or water sites result in detecting a few to several hundred individuals.
Conversely, numbers of bats documented at hibemacula are typically small and do not approach
the numbers found at some summer roosts and water sites. Locating hibernacula is a priority for
the study and conservation of bats in the Pacific Northwest. Cave and mine sites that may
provide hibernacula conditions are often above snowline and are inaccessible during winter. To
locate additional hibernacula, we have begun collecting temperaturelhumidity data and activity
data at caves and mines in winter. Hobo temperature and humidity recorders and Trailmaster
motion sensors and recorders are used. The sensors and recorders are installed at caves and
mines in fall before bats arrive to hibernate and before the sites become inaccessible from snow.

Recorded data are retrieved in spring once the site is accessible and after bats are likely to have
migrated to other locations. Simultaneously, we are collecting similar data sets at known
hibemacula for analysis and comparison. New sites with temperatures that could support
hibernating bats and/or with motion detections indicating bats are identified for further
investigation.

Methods for Inventorying and Monitoring Bats Using Genetics
Ormsbee, Patricia C., Ian Zinck, and Rebekah Hull

U. S. Forest Service, Eugene, OR; U. S. Forest Service, Arcata, CA; Portland State Univ., Portland, OR

Selecting locations for data collection on bats is often an arbitrary effort - we go where we
know or suspect bats will be found. To reduce the bias of arbitrary site selection, we have begun
to develop a systematic design for collecting data on bats that is based on a cell-grid covering the
state of Oregon. We have begun genetic sampling, using wing biopsies, of bat species in each
cell. This data will serve as a baseline for describing genetic variability within and between
species. At a finer scale, we have tested a method for conducting bat surveys under bridges that
requires little or no intrusion on bats. Guano is collected at regular intervals and dry weights are
recorded as an indication of relative abundance over time. DNA is extracted from the bulk guano
to query if species of concern are present using species-specific DNA markers. Applying this
survey method as well as others towards an inventory and monitoring protocol conducted across
the cell grid is our ultimate goal.
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The Fort Collins Bats and Rabies Study: Overview and Progress Report
O'Shea, Thomas J., Richard A. Bowen, Laura E. Ellison, Charles E. Rupprecht, Vidya Shankar, and Jeffrey
H. Wimsatt, U.S. Geological Survey and Colorado State University, Fort Collins CO; Centers for Disease

Control and Prevention, Atlanta, GA; University of Virginia, Charlottesville, VA

Weare conducting a case study of the dynamics of rabies transmission in an urban population
of big brown bats (Eptesicus fuscus) in Fort Collins, Colorado. Objectives of this 5-year
cooperative project include characterization of roosts of urban big brown bats, determination of
aspects of movements and population dynamics of bats in these colonies, establishing
longitudinal histories of exposure to rabies virus by repeat serological sampling of individuals,
and assessment of prevalence of rabies in free-flying bats by sampling of saliva for rabies virus
isolation and detection of viral nucleic acid by RT-PCR We also characterize rabies virus
variants circulating among bats in Colorado, and are measuring covariates to test competing
models of the influence of key ecological factors on movements and survival in bat colonies. Our
ultimate goal is to model potential disease transmission dynamics among urban bat colonies
based on empirical data about spatial and physical characteristics of roosts, and movements,
infection rates, and population dynamics of bats. We located 138 buildings used as roosts by
radio tracking 114 big brown bats, most captured while foraging in city parks and green spaces,
and through local knowledge. Fifty-four of the buildings were occupied by colonies of> 20 bats.
No bat colonies occupied natural roosts. We PIT tagged and released 2,073 bats and monitored
daily presence and movements at up to 14 colony sites throughout the city using PIT tag readers,
augmented with hand captures at these and other roosts. Bats were brought to the laboratory for
intensive sampling of blood (under anesthesia), saliva, and other variables, then released at
colony sites on the same night. Saliva samples were analyzed for rabies virus via isolation and
viral RNA using RT-PCR, and blood samples were analyzed for rabies virus-neutralizing
antibodies using the rapid fluorescent focus-inhibition test. Although this is work in progress,
preliminary highlights include a low proportion of individuals with evidence of rabies virus in
saliva, but a high seroprevalence in most colonies (ranging up to 34 per cent of adults). PIT tag
records document survival and reproduction of seropositive bats through the first full year of
study. This suggests that bats may acquire immunity to rabies, a hypothesis we are currently
testing.

Localization Performance and Behavioral Flexibility
in the Frog-eating Bat, Trachops cirrhosus

Page, Rachel, University of Texas at Austin, Austin, TX

The fringe-lipped bat, Trachops ci"hosus, feeds on timgara frogs, Physalaemus pustulosus,
which it locates using the advertisement calls male frogs produce to attract their mates. Male
timgara frogs produce two types of advertisement calls, simple and complex, and studies show
that T. ci"hosus prefer complex timgara frog calls to simple ones. Complex timgara frog calls
have components that are short in duration, have fast rise and fall times, and a rich harmonic
structure-factors that should maximize binaural comparisons and increase localizability. In a
pilot study on Barro Colorado Island, Panama, I investigated the hypothesis that T. cirrhosus
prefer complex calls to simple ones because complex calls are easier for them to localize. I tested
the localization performance of T. ci"hosus for simple and complex timgara frog calls by
presenting T. ci"hosus with a speaker concealed beneath a leaf litter covered screen. The
speaker position was determined randomly and changed between trials. From the speaker, I
broadcast simple and complex tilngara frog calls with and without masking noise, and with and
without food rewards. For each trial, I measured the latency offlight (time from the onset of the
frog calls to the bat's flight from its perch), and the distance of closest approach to the speaker. I
also investigated the flexibility in T. ci"hosus' association between acoustic cues and potential
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prey by examining the bats' response to novel acoustic stimuli. Despite the small sample sizes
often associated with a pilot study, my results suggest that: (1) In the absence of rewards, bats
localize complex tiingara frog calls faster and with higher accuracy than simple calls, both with
and without masking noise. (2) In the presence of rewards, the bats' localization performance is
similarly high for complex and simple calls. (3) Bats can be conditioned to respond to novel
stimuli. These results offer preliminary support for the hypothesis that bats prefer complex
tiingara frog calls to simple ones because they are easier to localize. The results suggest that
localization performance and motivation are tightly linked, and they lead to new questions
concerning behavioral flexibility and learning in prey acquisition.

Montserrat Redux-Recovery After a Seven-year Itch?
Pedersen, Scott C. and Gary G. Kwiecinski,

South Dakota State University, Brookings, SD; University of Scranton, Dalton, PA

Apart from the minor inconvenience of being blown apart by hurricanes and being
incinerated by pyroclastic flows (1995-99), the bats of Montserrat have recently suffered through
two very bad draught years (2000-01). Given this run of bad-luck, our database is rather unique
in that it documents how this relatively isolated fruit bat population has responded to three
diverse natural disasters over a 25-year period (1978-2002). Predictably, fruit bat populations
have decreased after each successive disaster due to direct or indirect affects on foraging and
roosting habitats. During the volcanic activity (1995-2000), the fruit bats were hard pressed to
find adequate forage and housing, and they exhibited several non-lethal stress-related pathologies
(hair-loss, dental attrition) associated with the incidental ingestion of volcanic ash. These
problems became increasingly common as the volcanic crisis continued The 2002 census
followed on the heels of a cessation in volcanic activity and two years of draught 2002 was the
first 'normal' (i.e., wet) spring since 1995. Indeed, several varieties of fig trees that had not been
observed to produce a significant fruit set since 1995, were heavy with fruit during July 2002.
Fruit bat capture rates during 2002, at stations that have been repeatedly sampled since 1993,
indicated that overall capture rates were 3.4 times greater than those during the peak of volcanic
activity (1997-98) and 1.5 times greater than the previous census in 2001. This rather dramatic
fluctuation in the fruit bat population is driven almost entirely by an increase in both the absolute
and relative numbers of Artibeus and Monophyllus captured (e.g., 0.09 vs. 0.56 Monophyllus
captures per net per night; 0.31 vs. 2.39 Artibeus per net per night). Ardops and Brachyphylla are
monoestrous producing a single pup per year and very little is known of the reproductive cycle
and reproductive potential in Monophy/lus. However, Artibeus is polyestrous and usually
produces two pregnancies per year, but is capable of producing three if there is no delay. Given
this reproductive potential, populations of Artibeus are clearly capable of: and perhaps
predisposed to, rapid recovery following disturbances such as those noted on Montserrat.

CorynoThinus Phylogeny and Conservation Implications:
Do Molecules Match Morphology?

Piaggio, Antoinette J., University of Colorado, Boulder, CO

The genus Corynorhinus is a gronp of North American long-eared bats that are considered
rare across their range. Based on morphological characters, it has been proposed that there are
three species within this genus that represent independent divergences from an ancestral lineage
(Handley 1959). This hypothesis is the working taxonomy of this group of bats. Conservation
efforts to protect the disjunct and isolated populations of these bats are underway. For
management projects to be successful they must be aimed at assemblages within this taxon that
represent the evolutionary potential of these bats. I have inferred a molecular phylogeny from
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approximately 2000 base pairs of mitochondrial DNA from the control region and cytochrome b
sequences. This phylogeny has been used to test Handley's hypothesis of evolutionary
relationships within the genus Corynorhinus. The phylogeny has also been used to identii)'
monophyletic clades within the genus. These monophyletic groups represent genetic entities that
contain the evolutionary history and future potential of these bats. Preliminary data rejected
Handley's (1959) hypothesis and inferred alternative evolutionary relationships within this genus.
The conservation implications of an alternative taxonomy based on a molecular phylogeny will
be discussed.

Habitat Use and Roost Selection by Pallid Bats in British Columbia:
The Case of the Okanagan Gleaners

Rambaldini, Daniela, University of Regina, Regina, SK

The range of pallid bats extends along a north-south corridor that stretches from the
Okanagan Valley in south-central British Columbia into arid habitats of western U.S. and
Mexico. Little is known about the activities of pallid bats in Canada despite the fact that this
species, considered rare and in low abundance throughout the Osoyoos Arid Biotic Zone, is
included on British Columbia's Red List and is designated Threatened by the federal government
(COSEWIC 2000). Habitat destruction and modification threaten the Canadian population due to
loss of roosting sites and foraging areas. The main objective of this study is to increase the
amount of available data about Canadian populations of pallid bats. This study was conducted
from April 6th to September 9th, 2002 in the Okanagan Valley. I radio-tagged adult andjuvenile
bats to investigate roost selection and foraging habitat.

Can the Abundance of Foraging Yuma Bats (Myotis yumanensis) Be Used to Predict
the Abundance of Macro-invertebrates and, Therefore, Stream Quality?

Pyrch, Matthew and Dave Iohnston, Santa Clara University, Santa Clara, CA

There is little known about the bat populations in the San Francisco Bay Area. To better
understand bat populations along streams in the Bay Area, we started a long-term study to
monitor populations of the Yuma bat (Myotis yumanensis) along the Guadalupe River watershed
in the South San Francisco Bay drainage. One aspect of the project was to compare the time
spent by foraging Yuma bats to the overall density of aquatic macro-invertebrates for specific
sites in the watershed. To determine time spent foraging by the bats we set up acoustic surveys
using an ANAbat5 program and Tittey electronics hardware. To survey for macro-invertebrates
we collected invertebrates in 5 one-meter samples within a 10 m range of stream length. Our
hypothesis was that the time spent foraging by the Yuma bat (a riparian obligate species) will
correlate to the presence of aquatic macro-invertebrates. Because the results of aquatic macro
invertebrate surveys have been used as indicators of healthy versus polluted and disturbed
watercourses, a secondary goal was to determine if the presence of Yuma bats could be used as an
indicator species of healthy (undisturbed) streams. Although we do not have enough data to
warrant statistical analysis, trends indicate that the presence of Yuma bats is correlated with the
abundance of macro-invertebrates. The middle of the watershed did not necessarily follow this
trend, but this may be due to a paucity of available roosting sites in these reaches of Guadalupe
River.
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The Hormonal and Behavioral Response to Group Formation and Acute Stress in
the Solitary Little Golden-mantled Flying Fox (Pteropus pumilus)

Reeder, DeeAnn M., Eric P. Widmaier, and Thomas H. Kunz, Boston University, Boston, MA

The behavioral and physiological response to breeding group formation and restraint stress
was examined in captive little golden-mantled flying foxes (Pteropus pumilus). Because of the
relatively asocial and solitary nature of this species, we predicted that bats in breeding groups
would have elevated basal and stress-induced levels of the hormones cortisol and corticosterone

(glucocorticoids) compared to bats in same-sex (control) groups. Glucocorticoid hormones are
important for energy regulation, exhibit a strong circadian rhythm, and are highly responsive to
stressors. Females, but not males, that were moved from same-sex groups to breeding groups
showed significantly elevated total glucocorticoid levels one day after group formation, which
persisted for three months. Control females, but not males, also responded to social manipulation
(removal of same-sex animals from their group) with significantly elevated total glucocorticoid
levels. Females, but not males, maintained close proximity to one another but lost body mass in
the first two weeks following group formation. One day after group formation males spaced
themselves farther apart from each other but closer to females. That females responded more to
group formation than males was surprising, as injurious fighting occurred only among males.
Contrary to our predictions, males did not respond to breeding group formation with elevated
testosterone. Rather, testosterone was highly variable in breeding and control males for the first
few weeks following group formation, but then significantly decreased and remained low for the
next three months. In response to blood sampling and 30 minutes of restraint in autumn, all bats
exhibited a highly significant cortisol response that did not vary among groups. Similar results
were observed for corticosterone, except in breeding males, in whom corticosterone was not
increased by restraint. Different results were obtained in spring, when males exhibited a greater
acute stress response to restraint than did females. Males returned to baseline glucocorticoid
levels by the following morning, whereas glucocorticoid levels in females were still elevated the
next morning. In both groups of males, testosterone significantly decreased in response to blood
sampling and restraint. These results suggest that females are overall more disturbed by social
disruption and are generally more susceptible to stressors than males. Lack of overall differences
in glucocorticoids and testosterone between breeding and control animals may stem from the
relatively low levels of social interaction observed in all groups; thus, comparison with a more
social species would be informative.

Comparing the Diet of Myotis yumanensis, the Yuma Bat,
in Two Different Habitats along the Guadeloupe River

Reich, Katie H., Santa Clara University, CA

We compared the diets of Yuma bats (Myotis yumanensis) from two different habitat areas along
the Guadeloupe River in central coastal California. The upper watershed habitat was composed
of riparian habitat dominated by white alder (Alnus rhombifolia) and willow (Salix spp.), whereas
the lowest part of the watershed was composed of fresh and saltwater marshes, salt ponds, and a
slough. Although we observed a few Yuma bats foraging along cottonwood (Populus fremontii) 
willow riparian along the central part of the watershed, no bats were caught in this area; and
therefore, we have no dietary data on these scarcely observed bats. Captured bats were kept for
about one hour in labeled bags to collect fecal samples. Forty fecal pellets were collected from
eight bats, four from the alder-willow habitat and four from the marsh areas. We used an
Olympus camcorder connected to a Snappy program and a PC monitor to record images of insect
parts observed in the dissecting microscope. Our analysis suggested that the bats in the alder
willow habitat ate trichoptera, diptera, coleoptera, hemiptera, and ephemeroptera, whereas bats
from the marsh complex ate primarily diptera and hemiptera. In the riparian habitat we observed
bats foraging primarily over separate pools, whereas in the marsh complex, we observed bats for-
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aging over the slough as well as the salt marsh habitat immediately acljacent to the slough.
Because remains of the reticulated water boatman commonly occurred in the guano occurs and
high densities of this species occur in nearby salt ponds, we hypothesized that Yuma bats also
forage above these nearby anthropomorphic salt ponds. Although we only have a few samples,
our prelimirnuy data suggested that Yuma bats' diets on the watershed varied more by location
and habitat type than temporally.

The Importance of Saladeros to Frugivorous Bats During Pregnancy and Lactation
Reid,FionaA.,MarkD. Engstrom,andBurtonK.Lim,RoyalOntarioMuseum,Toronto,ON

The distribution and abundance of some frugivorous bats. may be related to availability of
minerals and other nutrients that are not easily obtained in the diet. Most fruits contain low levels
of iron and calcium and other trace minerals that are especially important for proper development
of the fetus and infant. One might expect that pregnant and lactating bats in particular would
actively search for nutrients in sources other than fruit We smveyed bats at two 'saladeros'
(mineral-rich mud wallows) and at other forested sites in Napo Province, Ecuador, in 1995 and
1996. Based on mist-net captures, we found bats to be 5-20 times as common at saladeros than at
other ground-level sites. Bats in the genera Vampyressa, Sturnira, Platyrrhinus, Uroderma, and
Vampyrodes were abundant at the saladeros but were often rare in other forested habitats. We
examined reproductive condition of bats caught in January-February, May-June and October.
Although there were seasonal differences in extent of reproductive activity, in each season we
recorded a greater proportion of pregnant or lactating females, and a skewed sex ratio favoring
females, at the two saladeros compared to other sites. Several species were common at saladeros
when breeding and absent at other seasons. Bats were observed drinking water from the shallow
pools at saladeros. Analysis of water samples revealed significantly higher levels of calcium,
sodium, iron, magnesium, and potassium in comparison to muddy, non-saladero sites. These data
are consistent with the hypothesis that females concentrate at saladeros to obtain minerals and
nutrients necessary for reproduction and lacking in their frugivorous diet. Mineral-rich wallows
likely are key to successful reproduction in these bats and other frugivorous mammals and should
be high priority areas for conservation.

The Value of Variation:
A Long-term Demographic Study of the Little Brown Bat Myotis lucifugus

Reynolds,D. Scott,St.Paul'sSchool,Concord,NH

Since 1993, I have been studying the demographics of a little brown bat (Myotis lucifUgus)
maternity colony in Peterborough, NH using mark-recapture techniques. After capturing 3,244
bats over the nine year period, a pattern has begun to emerge about the role of intrinsic and
extrinsic variables on the complete life history (growth, maintenance, and reproduction) of this
population. The intrinsic factors investigated in this study included body composition,
reproductive experience, and maternal age. Although the first two variables appeared to have no
influence on life history traits, maternal age did influence repr?ductive timing and offspring sex
ratio. The extrinsic factors investigated in this study were ambient temperature and precipitation.
Precipitation appears to influence offspring sex ratio and reproductive timing. Ambient
temperatures in the spring influenced reproductive rate, reproductive timing, and the degree of
reproductive synchrony. There is also evidence to suggest that late summer temperatures have an
influence on yearling recapture rates. This ongoing project suggests that inter-annual variation in
key life history variables is part of the population biology of temperate bats, and questions the
blind faith of static measures oftife history values derived from short-term studies.
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Bats, Insects, and -Islands: Predator-prey Interactions and the Effect of Island Size
on Abundance and Species Richness

Rice, Heidi K., Eastern Michigan University, Ypsilanti, MI

This study seeks to identifY bat and insect fauna present in Sleeping Bear Dunes National
Lakeshore, and determine effect of island distance and size on prey availability, predator
diversity, and predator diet. The study site is a protected national park located on the eastern side
of Lake Michigan, encompassing over 71,000 acres of woodland, lake, and dune areas on both
the mainland and offshore islands. During two sampling periods over the summers of 200 I and
2002, I trapped insects, netted bats, and monitored bat activity with ultrasonic detectors on the
two islands, North Manitou and South Manitou, as well as the park mainland. Diets of bats were
determined by analyzing guano collected from captured bats. I also used SEM analysis of prey
remains to identifYinsects further taxonomically. Four sites on each island and seven sites on the
mainland were sampled each period, for a total of 30 net nights. Results show bat species
richness and insect abundance was higher on the larger North Manitou Island and the mainland.
The diversity of prey also decreased as island size decreased. Diets of captured bats showed a
lower diversity of insects on islands than on the mainland, suggesting predator-prey interactions
might be affected by island size.

Evidence of Territoriality in the Neotropical Tent-roosting Bat,
RhinophyUa pumilio in Eastern Ecuador

Rinehart, J. Benjamin, Boston University, Boston, MA

Despite the apparent ubiquity and high abundance of the Neotropical tent-roosting bat,
Rhinophylla pumilio throughout Amazonian South America, there is evidence that population
densities may be limited by territoriality of males. While no aggressive behavior was witnessed
between individuals, dispersion of R. pumi/io suggests that individual males maintain exclusive
access to roost areas of approximately 10 hectares. In this study, adult males were radiotracked
daily to locate each of their multiple roost sites. All individuals roosted exclusively beneath
leaves that had been modified to form tents. Putative 'territories' were mapped by creating
minimum convex polygons that contain each of an individual's known roosts. Bats were
subsequently radiotracked during the night to locate feeding roosts and to verifYthat patterns of
nocturnal use corresponded to day-roost territories. Each territory was then intensively searched
for other conspecifics roosting within a territorial boundary. All additional bats were captured
and assessed for age, sex and reproductive condition. These data were used to calculate
abundance and density estimates and to assess social structuring in R. pumilio.

Phylogeography of Myotis californicus and Myotis ciliolabrum
in the Southwestern United States

Rodriguez, Rogelio M and Loren K. Ammerman, Angelo State University, San Angelo, TX

The California myotis, Myotis califomicus, and the western small-footed myotis, Myotis
ci/iolabrum, are two morphologically similar bats that have had a complex taxonomic history due
to intraspecific geographic variation across their sympatric distribution of the western United
States. Despite several published differences, field identification remains problematic in the
southwest U.S. and has recently been questionable for bats captured in Texas. Skins and skulls of
32 specimens from Texas, Oklahoma, New Mexico, Utah, and California, either collected in the
field or obtained from museum collections were examined for morphological characters. To
illustrate previous methods of discrimination, cranial measurements were analyzed statistically
using principal components analysis (PeA). Mitochondrial DNA sequences were extracted and
isolated from 20 of the 32 specimens that had available tissues. Cytochrome b and control region
sequences were sequenced and used for detection of genetic markers and to illustrate species



boundaries. Results of intraspecific and interspecific levels of sequence divergence and phylo
genetic analysis indicate that there are no distinct lineages and possible species intergradation.

* Bats and Panmixis: Investigating Population Genetic Structure in Large
Populations of Migratory Bats

Russell, Amy L., University of Tennessee, Knoxville, TN

Highly vagile or migratory species such as many birds, bats, insects, and marine organisms,
are often characterized by population structures that are hard to predict. One such species is the
Brazilian free-tailed bat, Tadarida brasiliensis, a highly vagile, migratory mammal that is
characterized by extremely large population sizes. Using mitochondrial DNA (mtDNA) sequence
data, I compare molecular genetic analyses of population structure between and within subspecies
with structure that has been proposed from morphological, behavioral, and ecological data. The
molecular genetic data reveal significant differences between populations in North America and
those in South America. Cladistic analyses of gene flow suggest genetic structuring among
females in North America that is not consistent with the current subspecific taxonomy. Both
allozyme and mtDNA data do not support distinction between North American subspecies, and
do not support the genetic uniqueness of previously hypothesized migratory groups within the
subspecies T. b. mexicana. Genetic data indicate that this subspecies evolves as a single genetic
unit, with an extremely large effective population size. The effective population size estimated
for T. b. mexicana is of a magnitude typical for large insect populations, and is extraordinarily
large for a mammalian species.
* Amy Russell received the Karl F. Koopman Award.
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Bats, Road-Kill, and the FBI (Flat Bat Investigation)
Russell, Amy L., Calvin Butchkoski, Annie Tibbels, and Gary F. McCracken

University of Tennessee, Knoxville, TN; Pennsylvania Game Commission, Petersburg, PA

The protection of populations of an endangered species can be hindered in situations where the
protected species is difficult to positively identifY. Under such circwnstances, molecular genetic
analyses of DNA can provide species identification even when specimens are too degraded for
morphological analysis. A mixed colony of little brown bats (Myotis lucifugus) and endangered
Indiana bats (M. sodalis) occupy a roost in a church near Altoona, Pennsylvania. A two-lane
highway near the church is about 7-8 meters wide and encwnbers traffic at a rate of
approximately 8200 vehicles/day with 12%being trucks. This highway has been scheduled for a
construction project in 2003/2004 to widen the road. Road-killed bats found near the colony were
suspected to include Indiana bats, but the specimens were too degraded to be differentiated from
the morphologically-similar little brown bats. A road-kill carcass that had been struck by several
vehicles was analyzed to determine the species to which it belonged. DNA was isolated from the
carcass, and mitochondrial DNA (mtDNA) was sequenced for phylogenetic analyses. The
sequence was compared with an existing database of homologous sequences from known Indiana
and little brown bats. Both parsimony- and distance-based analyses show that the carcass was an
Indiana bat. Such genetic analyses may prove useful in situations where morphological
identification of a species is ambiguous or even impossible.
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* Echolocation Behavior of Vespertilio murinus Foraging in Open and Edge Space
Schaub, Andrea and Hans Ulrich Schnitzler, Universitat Tiibingen, Tiibingen, Gennany

The proximity of insect prey to background clutter is the most relevant ecological constraint
on foraging bats exerting selective pressure on the design of search signals. Clutter conditions
can therefore be used for the definition of bat habitats. Bats forage in open. space if they search
for prey far from background targets and do not react to such targets in their echolocation
behavior. Bats forage in edge space if they search for prey flying at vegetation edges and in gaps
and react to background targets in their echolocation behavior. In our study we recorded search
signals of Vespertilio murinus foraging in the open and at vegetation edges and determined signal
parameters such as start frequency, peak frequency, terminal frequency, bandwidth and duration
for bats flying at different horizontal distances to vegetation and vertical distances to the ground.
The bats reacted to background targets only if they flew lower than about 4 m and/or were less
than about 6 m away from vegetation. Beyond these borders, i.e. in open space, the signal
parameters were not changed in relation to background targets. In open space, bats emitted FM
QCF signals mostly every second or third wing beat with a bandwidth of about 14.3 ± 4.9 kHz
and a duration of about 11.7 ± 2.3 illS. Within the measured borders, i.e. in edge space, the bats
emitted one search signal at every wing beat. They increased bandwidth and reduced duration
with decreasing distance to background targets which resulted in broadband, steeply modulated
FM signals.

* Andrea Schaub received the Speleobooks Award for best student poster.

Non- random Mating in Big Brown Bats?
Schmaeman, C. N., and M. T. Mendon~ Auburn University, Auburn, AL

Very little is known about the mating systems of temperate vespertilionid bats. Available data
are usually anecdotal and only represent a snapshot of which males are successfully mating in the
population. Furthermore, there has been no study monitoring male mating success over time.
Over the last four years, we documented the reproductive behavior of big brown bats, EptesicU5
jUscus, in captivity. From Dec.-Mar. (the breeding season) 1999-2002, male and female bats
were housed in large environmental flight cages and given varying temperature regimens that we
have documented to stimulate mating actiVity. In each of the seasons, individuals were observed
nightly for eight-hour periods and scored for attempted and successful mounts by males. Males
varied in the number of different females that allowed successful mounts (i.e., intromission)
(ranges for the respective seasons: 0-4, 0-7, 0-10, and 0-18). This suggested some type offemale
preference. The females also varied in the number of different males over the season they would
allow to successfully intromit (ranges for the respective seasons: 0-7, 0-8, 0-8, and 0-10). In the
first three seasons, neither body weight (BWT), forearm length (FL), nor condition index
(residuals ofBWT/FL) correlated with male mating success. Only in the last season (2001-2002)
was male mating success significantly correlated with condition index (p=O.018) and weight

(p=O.017). Although a significant correlation was found in 2002, the R2 value (.094) indicated
that CI accounted for little of the variation. However, we did note that the 2002 season had a
significantly higher percentage of males that mated with more than one female (696/0vs. 45.50/0,
38.5%, and 10.96/0: 2001, 2000, and 1999, respectively; p=O.002). Additionally, 2002 was the
year with the highest range in CI (26 vs. 17.5, 17.5, and 13: 2001,2000, and 1999, respectively).
In future studies, we will experimentally test the effect of male condition index on female choice.
Other possible factors may account for variation in male mating success such as: age, cryptic
selection (sperm competition), vocalization/echolocation, genetics, or other hormone levels.



Ecology and Conservation of the Comoros Rousette, Rousettus obliviosus
Sewall, Brent 1., Elise F. Granek, and Will J. Trewhella

University of Minnesota, S1.Paul, MN; projet Conservation de la Biodiversite et Developpement Durable
aux Comores, Republique Federale Islamique des Comores; Action Comores, Nottingham, UK

Rouse/tus ob/iviosus is a megachiropteran bat endemic to the Comoros Islands in the western
Indian Ocean. This species is broadly distributed on three of these islands, but appears absent
from the fourth, Mayotte. Roost sites are shallow and deep caves, in dark locations with
infrequent human disturbance. Colony size ranges from one hundred to several thousand, and at
two sites we observed seasonal variation. Total estimated population size is 7,100 - 17,100. R
ob/iviosus feeds on a variety of native and non-native tree fruits and flowers, and is found in
agricultural areas, underplanted forest, and native forest habitats. R ob/iviosus is a maneuverable
flyer able to hover for brief periods, and may echolocate. A small range, sensitivity to
disturbance, limited roost site availability, and deforestation combine to threaten this species.
Protection of roost sites, further surveys to identify additional roosts, further ecological research
and protection of remaining forest are conservation priorities for R ob/iviosus.

Identification and Distribution of Myotis yumanensis in Oregon
Scott, Shonene A., Pat Ormsbee, Jan M. Zinck, Deborah A. Duffield, and Luis A. Ruedas

Portland State University, Portland, O~ USDA Forest Service, Eugene, OR

The Yuma myotis, Myotis yumanensis, is listed as a 'species of concern' by the U.S. Fish and
Wildlife Service; recent efforts to capture the species in Oregon indicate it may not be as common
therein as previously believed In general, M. yumanensis can be distinguished from other bats
using a set of external morphological characteristics. However, in Oregon and other northern
portions of its range, the features of M. yumanensis converge with those of the little brown bat,
Myotis lucifugus, making species identification difficult and inconsistent. Genetic analysis of the
12S rRNA to 16S rRNA region of mitochondrial DNA has been shown to be an accurate method
of distinguishing between these two species. The purpose of the present project is to examine the
distribution of M. yumanensis within Oregon using this mitochondrial DNA marker to confirm
species identification. The use of genetic analysis to discriminate among species provides, in
addition, an excellent opportunity to gather supplementary species-specific data, all supported by
accurate species determination. To facilitate identification of in-flight M. yumanensis, a variety
of different bat species' echolocation calls are being recorded in order to determine sets of call
features that can be used to easily and accurately distinguish M. yumanensis from other species,
and to create species reference call libraries for use in future inventory efforts. Bats were
captured across the state of Oregon using a spatially distributed sampling scheme. The
geographic area of the state was divided into cells, and bats captured within each cell. Sites were
selected within each cell using a database of historic capture data and discussion with local
biologists. Once captured, bats were handled and measured using standard protocols; a 3-mm
wing biopsy was taken to obtain DNA samples for genetic analysis. Echolocation calls were
recorded using a Pettersson bat detector upon hand release or by using a tethered zip-line. In the
laboratory, standard protocols are followed for RFLP analysis to unequivocally identify each bat
to species. The time-expanded recordings of echolocation calls will be analyzed to quantitatively
identify species-specific call features and evaluate their usefulness for identification. At the
completion of the project, an error matrix will be developed to show the accuracy of using
morphological features for distinguishing between M. yumanensis and M. lucifugus in the field.
A revised species distribution map for M. yumanensis will be developed using location data and
the results of the genetic analyses.
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Target Interception by Echolocating Bats Viewed through Simultaneous Video and
Acoustic Reconstruction of Flight

Simmons, J. A., K. M. Eastman, M. Olsheski, M. J. O'Farrell, D. R. Griffin, G. Auger, A. D. Grinnell, R. R.
Roverud, and J. Hammond, Brown University, Providence, RI;, O'Farrell Biological Consulting, Las

Vegas, NY; Harvard University, Bedford, MA; UCLA, Los Angeles, CA; Lafayette College, Easton, PA

Understanding the perceptual capabilities of echolocation in bats has long been impeded by the
difficulty of observing their natural behavior at night, especially when they fly against dark
backgrounds in complex surroundings. While bat detectors provide the means for acoustic
monitoring, until recently actually watching individual bats flying in the dark has been nearly
impossible. Present knowledge comes from observations of flight and interception staged in the
laboratory for acoustic and motion-picture or video recording, or at selected field sites where
pursuits of individual insects have been recorded when a bat enters the field-of-view of the
cameras. From this work, pursuit maneuvers are conceived as stereotyped patterns of action and
species-related vocalization regulated primarily by distance to targets. Using thermal-imaging
longwave IR video cameras or third-generation night-vision devices on video cameras with
shortwave IR illumination, and using microphone arrays and digital recorders with video and
multiple ultrasonic channels, we have observed the flight action and acoustic behavior ofFM bats
(Eptesicus, Myotis, Pipistrellus) intercepting prey, sometimes near obstacles and sometimes with
swarms of insects present as well as other bats. From ultrasonic recordings with three
microphones, we reconstruct the source locations of sonar broadcasts to associate individual bats
with their sounds in the video images, and 3D video reconstruction shows flight-paths and spatial
relations among bats and targets. In our results, the dominant theme is variability in the flight and
vocalization patterns of bats from one catch to another, whether the situation consists of one bat
and one insect or multiple bats and multiple targets. Distance-related changes in vocalizations
occur but not always in the same stereotyped manner as seen in laboratory captures. When bats
fly in swarms, their broadcasts become very dense, converging on the same 1-2 ms duration for
all sounds, without the obvious target-related changes seen in other circumstances. It is unclear
how the distances to multiple insects or multiple bats as well as the potentially interfering effects
of the sounds of other bats influence each bat's sounds. Sound density is so high that the bats
may adopt an alternative imaging strategy by exploiting each other's sounds to ensonifY the scene.
Real-time stereo observation ofbats quickly disabuses us of the notion that from previous studies
we know the limits of echolocation performance or that we understand how it is achieved

Chiroptera in "Mammal Species of the World 
A Taxonomic and Geographic Reference"

Simmons, Nancy B., American Museum of Natural History, New York, NY

The Chiroptera chapter for the 3rd edition of "Mammal Species of the World" has finally
been submitted for publication. Including 1105 bat species, this work provides an up-to-date
taxonomic and geographic summary of bat diversity. Changes since the last edition include
recognition of over 175 additional bat species and 25 additional genera, an updated classification
from subspecies to family level, citation of author and date for every synonym, updated
information on geographic range and conservation status of each species, corrected type locality
descriptions, and expanded comments including systematic literature citations for most species.
Many taxonomic changes in the 3rd edition are based on recent phylogenetic analyses, and
paraphyletic and polyphyletic taxa have been split into monophyletic units as far as possible.
Several problematic "wastebasket" taxa have been subdivided into multiple genera following
results of recent systematic studies (e.g., Eptesicus, Pipistrellus, Micronycteris). Traditional
subgeneric classifications have been abandoned in cases where the units are clearly polyphyletic
(e.g., subgenera of Myotis) but have been retained where subgenera appear monophyletic (e.g.,



Differences in Torpor Use and Roosting Behaviour between Mountain and Prairie
Populations of the Western Long-eared Bat (Myotis evotis) in Alberta

Solick, Donald L, University of Calgary, Calgary, AB

within Artibeus). Subspecies are recognized in cases where subspecific names are in current
usage and appear justified (or at least not refuted) by the data at hand. A review of patterns of
description of new species over the last 200 years reveals that new valid species have been
described at a relatively constant rate of about 40 species per decade since the early 1900s. The
large number of additional species recognized in the 3rd edition is a result of both new species
descriptions and "resurrection" of previously-named taxa that have long been treated as
subspecies or junior synonyms of other species. Not surprisingly, the largest increase in number
of recognized species and genera was in Vespertilionidae, with addition of 93 species (a 29%
increase over the 2nd edition) and recognition of 13 additional genera (37% increase). Although
the Chiroptera chapter will not be published until 2003 or 2004, it is available as a pdf file from
the author.

Diet of Two Endemic Bats in the Antilles: The Importance of Protein
Soto-Centeno, J. Angel, Eastern Michigan University, Ypsilanti, MI

Two species of nectarivorous bats, the brown flower bat (Erophylla sezekomi) and the
Greater-Antillean long-tongued bat (Monophyllus redmani), occur sympatrically in Puerto Rico.
I examined the diet of these two endemic species of bats through fecal analysis and pollen
sampling during their reproductive period, from May to August 2002. Bats were captured at the
entrance of Culebrones Cave in Arecibo, Puerto Rico, and pollen and fecal samples were
obtained. Both species were visiting the endemic tree maga (Thespesia grandiflora), and pollen
grains from this flower were the most common among my samples. E. sezekorni, although
usually classified as nectarivorous, also incorporates a large amount of fruit (Mutingia calabura,
Piper aduncum and Solanum torvum) and insects (Coleoptera) in its diet. M. redmani, consumed
the fruit of M. calabura, and a large number of insects (Lepidoptera, Diptera and Coleoptera).
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In the temperate zone, bats that inhabit mountainous regions have less time available to them
for reproduction and growth than bats inhabiting lowland regions. Due to this constraint, females
in mountainous areas should be under greater selective pressure to accelerate reproduction. One
way females might accomplish this is by minimizing their time· spent in torpor - a process that
saves energy, but delays gestation and lactation. However, forgoing torpor use is energetically
expensive, especially for small-bodied mammals living in cool, wet mountains. To compensate
for the cost of reduced torpor, bats in the mountains may attempt to maintain high body
temperatures by either selecting warm roost environments or clustering with other individuals.
The goals of this study were to determine whether reproductive females in the mountains spend
less time in torpor than females in a lowland area and, if so, whether mountain-dwelling females
accomplish this by selecting warmer roost sites and/or clustering with larger groups of individuals
than lowland-dwelling bats. To meet these objectives, I captured western long-eared bats (Myotis
evotis) in the foothills of the Rocky Mountains and attached temperature-sensitive radio
transmitters to reproductive females. I continuously monitored body temperatures of tagged
individuals using a LOTEK scanning receiver and radio-tracked bats to locate and characterize
roosts (mainly in rocks) in terms of structure and temperature. In addition, I performed exit
counts to determine the number of bats occupying a roost. I then compared these data to
previously published data on torpor use and roost-site selection of a prairie population of M.
evotis in eastern Alberta. Preliminary analyses indicate that mountain-dwelling females clustered
together in larger groups, and more often, than prairie-dwelling females. Further results on group
size, torpor use, roost structure, and roost temperature between the two environments will be
presented and discussed.
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The large amount of insects found in fecal samples of both species suggests that these bats are
utilizing insects as an additional resource to meet their protein demands over the reproductive
period.

Food Habits of the Co-roosting Golden Crowned Flying Fox (Acerodon jubatus) and
Philippine Giant Fruit Bat (Pteropus vampyrus lanensis):

Implications for Conservation and Forest Restoration
Stier, Sam C. and Tammy L. Mildenstein, University of Montana, Missoula, MT

The species-area relationship and other ecological models developed over the last thirty years
have resulted in the general understanding that an unprecedented extinction of species is
underway due to anthropogenic disturbance of forests, particularly in the Tropics. Despite the
comparatively long period of time this has been known, very little habitat restoration in the
Tropics has been undertaken. Dietary studies can make an important contribution to the habitat
restoration initiatives that are immediately called for, particularly given the new impetus for tree
planting in the Tropics generated by interest in offsetting C02. In light of the need for generating
dietary information to guide reforestation designs, we studied the dietary habits of two large
Philippine megachiropterans (Acerodon jubatus and Pteropus vampyrus) using fecal analysis
techniques and interviews with bat hunters. We found these methods proved effective at cheaply
and rapidly discerning some of the major food items used by each species, and helped define
some of the intraspecific similarities and differences which may govern these species' future co
existence. Results of this research indicate that the endemic and endangered Acerodon jubatus
frequently feeds on herniepiphytic figs from the subgenus Urostigma, while the less threatened
Pteropus vampyrus frequently utilizes both Ficus spp. and certain agricultural tree crops. We
provide a framework of research questions to guide future bat dietary investigations whose goals
include contributing information to reforestation initiatives.

Angle-dependent Backward Masking by the Echolocating Bat, Eptesicus fuscus
SOmer, Susan, Annette Denzinger, and Hans-Ulrich Schnitzler, Universitat Tiibingen, Tiibingen, Germany

Masking affects the ability of echolocating bats to detect a target in the presence of nearby
clutter targets. To study backward masking, four big brown bats (Eptesicus jUscus) were trained
in a two alternative forced choice procedure to detect a wire with a diameter of 1.2mm offered at
a distance of I m in the presence of an angular reflector (masker) positioned at different distances
directly behind it. The masker reflected an echo that was about 20 dB above the wire echo. At a
distance difference between wire and masker of 11 cm the bats reached threshold criterion (75%
correct choices). In a second detection experiment spatial effects of backward masking were
studied. The masker was kept at the threshold position and the wire was presented at angles

between 0-15° relative to the masker. With increasing angles the bats were able to detect thinner

wires with diameters decreasing from 1.2 mm (target strength -36.5 dB) at 0° to 0.4 mm (target

strength -48.4 dB) at 15°. Without a masker, the bats detected wires with diameters of 0.2 or

0.15 mm (target strength -60.8 and -62.7 dB). This indicates substantial masking effects at 15°.
Analysis of the sonar signals and their echoes allowed to evaluate possible adaptive strategies in
the echolocation behavior during the given detection tasks. All bats enhanced the intensity of the

2nd harmonic of their signals, which may improve the spatial separation between wire and
masker due to an increased directionality at higher frequencies.
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Roost Characteristics of Bats in Eastern South Dakota
Swier, Vicki J., South Dakota State University, Brookings, SD

Volume 43: No.4

Census work during the summer of 2001 demonstrated six species of bats inhabiting eastern
South Dakota: Myotis septentrionalis, Myotis lucifugus, Eptesicus jUscus, Lasiurus borealis,
Lasiurus cinereus and Lasionycteris noctivagans. All six were mist-net captured along the
Missouri River corridor that splits South Dakota into eastern and western halves. More species
were collected along the Missouri River than at any other location in eastern South Dakota during
200 1. To further investigate the importance of the Missouri River as important habitat for bats in
South Dakota, a radio-tracking study was performed in the summer of 2002. Four species
(Myotis septentrionalis, Myotis lucifugus, Eptesicus jUscus and Lasionycteris noctivagans) were
radio-tracked and the presence and location of roost sites were documented Roost tree
characteristics such as species, circumference, height, and age were documented for each roost.
Circumference and height measurements were also taken for all available trees in the area. These
four species consistently used Eastern Cottonwoods (Populus deltoides) as day roosts, while
Eptesicus JUscus also night-roosted in Bur Oaks (Quercus macrocarpa) and underneath a concrete
bridge. All four species selected larger circumference roosts (compared to the available trees),
but the age of trees and duration of occupancy differed among species. A single Lasionycteris
noctivagans consistently roosted in younger trees and occupied more roost trees than other bat
species. Myotis spp. roosted in many different age classes of trees, and reproductive females
occupied more roost trees than non-reproductive females. Roost switching was observed during
the summer of 2002. Two individual Myotis lucifugus of different reproductive classes were
found night-roosting in a picnic shelter. The post-lactating female day-roosted in several Eastern
Cottonwood trees and night-roosted in the picnic shelter, whereas the non-reproductive female
switched exclusively to the shelter as a day/night roost after having spent several days
consistently day/night roosting in Eastern Cottonwood trees. Data-loggers (temperature,
humidity) were placed inside the picnic shelter and the tree roost used by this non-reproductive
female. Comparisons of the tree and shelter revealed that the shelter was consistently warmer in
the early morning and evenings and cooler in the afternoons. The warmer temperature may
explain why the post-lactating female roosted in the shelter in the evenings while the cooler
afternoon temperature of the shelter may explain why the non-reproductive bat switched the hot
tree roost to the shelter. Several hypotheses will be explored to explain the roost switching
behavior of these bats.

Multivariate Acoustic Transforms for Identifying Bat Species
Szewczak, Joseph M., University of California White Mountain Research Station, Bishop, CA

Despite the ready abundance of acoustic information that bats provide, confident acoustic
species recognition has remained an elusive goal for many bats. Even calls from bats that we
think we know can be rendered uncertain when subsequent studies reveal an acoustically similar
sympatric species capable of exhibiting a presumed discriminating characteristic within the time
frequency domain. One approach to surmounting these challenges is to apply additional acoustic
information beyond the basic time-frequency relationships on which many studies have
concentrated. Furthermore, while many studies have analyzed call structure using static variables
such as maximum and minimum frequency, call structure actually consists of a continuous
multivariate effect of frequency, time, and power. With digital processing we can combine
various acoustic parameters of bat echolocation calls to produce transforms of time-varying
interrelationships and represent them in two-dimensional plots. These transforms are produced
by shifting the original time-frequency sonograms based upon mathematical combinations of the
acoustic information at each time point. For example, a power-slope transform will enhance the
interaction of power and slope. With this transform, call portions with the steepest slopes and
highest powers will be most affected and is thus sensitive to an overlap of high amplitude and
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high slope. Calls with similar time-frequency domains, but different power allocation will be
rendered distinct under such a treatment. This approach can render striking visual contrasts
between some species with inexplicit distinctions in standard time-frequency plots and lead to
more confident species discrimination.

Discovery of Extant Nata/us major (Chiroptera: Natalidae) in Cuba, with Comments
on Taxonomy, Natural History and Extinction of West Indian Bats

Tejedor, Adrian, Valeria Tavares, Gilberto Silva-Taboada, and Dialvys Rodriguez, American
Museum of Natural History, New York, NY; Museo Nacional de Historia Natural, La Habana,

Cuba; Centro de Investigaciones y Servicios Ambientales ECOVIDA, Pinar del Rio, Cuba

The sole Cuban representative of the bat genus Nata/us, described as a fossil in 1919, was
discovered in 1992 as an extant colony in Cueva La Barca, in the western tip of the island. Other
extant Greater Antillean populations of this genus were known before from Jamaica and
Hispaniola and, together with the fossil Nata/us from Cuba, were considered synonyms of the
continental species Nata/us stramineus. Morphometric comparison of the Cuban Nata/us with
other West Indian and mainland populations of the subgenus supports the taxonomic separation
of the Greater Antillean section of Nata/us from Nata/us stramineus. We fiuther discuss the
taxonomic status of Nata/us major suggesting that it may actually represent a complex of three
species (N. primus, N. jamaicensis, and N. major) distributed respectively to Cuba, Jamaica, and
Hispaniola. Comparison of recent specimens with fossil material suggests that the Cuban Nata/us
has decreased in size since the end of the Pleistocene. The potential for extinction among West
Indian bats is discussed in light of the natural history of the rediscovered living Nata/us. We
argue that stochastic factors may playa fundamental role in the extinction of cave-dwelling bats
specialized in the use of hot caves.

Preliminary Results from a Long-term Study of the Biodiversity, Breeding Patterns,
and Roosting Behavior of Cave-dwelling Bats in the Bocas del Toro Archipelago,

Panama
Thomas, Maurice, Palm Beach Atlantic University, West Palm Beach, FL

Many aspects of the biology of bats in Panama have been investigated, especially on Barro
Colorado Island (BCI), the site of a venerable biological station of the Smithsonian Tropical
Research Institute. However, the natural history of bats in the Bocas del Toro Archipelago, a
series of islands just off the northwestern coast of the country, has received much less attention.
Unlike BCI, many of these islands have limestone caves that serve as roosts for large, diverse bat
communities. A cave on Isla Colon, locally known as "La Gruta," presently contains large
numbers of Artibeus jamaicensis, Phyllostomus disc%r, and Phyllostomus hastatus.
Historically, at least 18 other species have been recorded from this site. La Nitida cave, on Isla
Bastimentos, two kilometers from Isla Colon, also has large numbers of the aforementioned
species, but only six other species have been found roosting in this newly-discovered cavern.
These two caves appear to be the most important diurnal roosts for many bats on these islands. A
recent wave of tourism and development in the region could negatively impact the roosts through
human intrusion. Baseline data on bat activity in these roosts are needed to help assess this
impact. Observations on the biodiversity, breeding patterns, and roosting behavior of bats in La
Gruta and La Nitida were made from June 17 to July I, and September 9 - 20, 2002, with
additional observations planned for December, 2002 and March, 2003. Preliminary results
suggest that breeding patterns of most species examined correspond with those reported for their
counterparts on BCI and elsewhere. Artibeus jamaicensis females, for example, appear to enter a
postpartum estrus, as most adults (91%) were pregnant in June, yet appear to have recently
weaned young. In September, adult females were nursing again. Preliminary reproductive data
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for other species are presented. Details of a banding program using a beadchain necklace
technique is discussed, as are certain aspects of roosting behavior.

Roost Fidelity of Rafmesque's Big-eared Bat, Corynorhinus raflnesquii,
in Southern Mississippi

Trousdale, Austin W. and David C. Beckett, University of Southern Mississippi, Hattiesburg, MS

We used banding and radiotelemetry to evaluate fidelity of Rafinesque's big-eared bat,
Corynorhinus rajinesquii, to natural and manmade roosts. We captured bats that we had located
during surveys of bridges and abandoned buildings in DeSoto National Forest in southeastern
Mississippi. Of 103 bats banded between July 2000 and July 2002, 27 individuals have been
recaptured, most of them at their original site of capture. Sixteen bats (6 males, 10 females) have
thus far demonstrated long-term fidelity to specific roosts, that is, they were found at these sites ~
3 months after their initial capture. Short-term fidelity (measured in days) was assessed for 14
radiotagged individuals. Males tended to use structures and exhibit high fidelity to these sites,
whereas most females used trees and showed lower fidelity to their roosts. Maximum recorded
distance between day-roosts used by the same individual was approximately 4.5 km. Although
research continues, data suggest sexual differences in roosting habits.

Patterns of Facial Vibrissae and Interfamilial Relationships within Chiroptera
Tunnelle, Amy S. and Nancy B. Simmons, American Museum of Natural History, New York, NY

Bats ·account for one quarter of all mammalian diversity, with over 1105extant species within
18 recognized families. Historically, higher level relationships within Chiroptera remain poorly
resolved. This study was part of a larger project aiming to resolve interfamilial relationships
within the order Chiroptera through concatenation of morphological and molecular characters in a
total evidence approach. External vibrissae are many times more sensitive than normal hairs and
show conserved distribution on the face of mammals. The facial vibrissae have complex
organization through development from the Hoxc13 cluster, musculature mechanization and
sensory perception via the trigeminal nerve and associated rami. Variation was found in the
patterned arrangement of genal, interramal, mystacial, submental, and superciliary regions of
facial vibrissae across Chiroptera. A combination of binary and multistate characters, both
ordered and unordered, were used to characterize the variation observed across taxa. Ten
characters were scored for a total of 63 taxa, representing all families recognized within
Chiroptera, in addition to several outgroup taxa. Analyses show that these characters, as a unit,
do not add congruent signal to the most parsimonious reconstruction of interfamilial systematic
relationships based on concatenation with over 350 previously scored morphological characters
and comparisons with strongly supported recent molecular studies. The vibrissal characters,
however, did consistently support familial monophyly and thus may be informative in
characterizing lower level relationships within Chiroptera.

Jamming Avoidance in Echolocating Bats:
Taphozous perforatus, Tadarida tetiiotis, Otomops martrensseni

Ulanovsky, Nachum, Brock Fenton, AsafTsoar, and Carmi Konne, York University, North York, ON

When more than one bat of the same species is flying in the same air space there is evidence
that individuals adjust their echolocation calls to emphasize differences. In this situation, bats
may adjust the intensity, duration, interpulse interval, and/or frequency components of their calls.
We recorded and analyzed the echolocation calls of three species of bats (Taphozous perforatus
Emballonuridae, Tadarida teniotis and Otomops martiensseni - Molossidae) either flying alone or
with conspecifics. Recordings were made with a Petterssen D980 bat detector from which the
high frequency output was taken directly to an Ines DAQ high speed card and the data recorded
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directly into a laptop computer. The TapJwzous and the Tadarida teniotis were recorded near
Sede Boqer in southern Israel, the Otomops around Durban, South Africa. Recordings were
analyzed using a combination of BatSoundPro and Matlab. We analyzed and compared series of
10 echolocation calls recorded from bats flying alone (10 series of 10calls for T. perforatus, 10 T.
teniotis, and 11 O. martiensseni) or with conspecifics (9 T. perforatus, 10 T. teniotis, 11 0.
martiensseni). All three species changed the frequency components (lowest frequency, highest
frequency, frequency with most energy) of their calls between the single and several bat
situations. The degrees of differences varied, with T. perforatus showing the least changes and
O. martiensseni the greatest changes. The significance of these changes in echolocation
behaviour is discussed in the context of jamming avoidance, social interactions, and air traffic
control.

Reproductive Stage Influences Summer Roost Use by Adult Female Eastern
Pipistrelles (Pipistrellus subjlavus)

Veilleux,JacquesPierre,SacredHeartUniversity,Fairfield,CT

Female bats should select roost sites that confer advantages in terms of increasing fitness. In
temperate regions, reproductive females may choose roost sites that offer optimal microclimate,
particularly in terms of temperature. For example, warm temperatures are known to speed both
gestation rate and developmental rate of young. Thus, selection of warm roosts by reproductive
females may increase survival of young by providing the maximum time period for young to
become experienced foragers and to add body fat prior to migration or hibernation. Non
reproductive females may choose roosts that provide maximum energy savings. Post-lactating
females may prefer roosts that provide cool temperatures, and therefore allow for lower body
temperature and associated energy savings. I tested the hypothesis that reproductive (pregnant
and lactating) female eastern pipistrelles would differ from non-reproductive females in terms of
characteristics of roosts and roost habitat. I predicted that reproductive female bats would roost
high in the forest canopy, enhancing the degree to which solar in~lation could warm the roost
during the daytime, and that non-reproductive females would roost below the forest canopy and
allowing shielding from insolation. Further, I predicted that reproductive females would roost
nearer both to forest edge and to a water source. Roosting near the forest edge may increase
insolation reaching a roost, and reduce commuting costs to foraging areas. Roosting near water
may reduce commuting costs to foraging and drinking habitats. I located 59 roost trees used by
adult female eastern pipistrelles; 37 used by 19 reproductive bats, and 22 trees by 11 non
reproductive bats. I compared five roost tree and site variables between reproductive and non
reproductive roosts. Univariate analyses identified three of five variables as discriminating
between roosts. Reproductive females roosted in trees and in leaf clusters that were lower in the
forest canopy, and further from the forest edge than non-reproductive females. Logistic
regression identified four variables as discriminating between roosts. Reproductive females
roosted further below the canopy, further from a forest edge, closer to water, and in areas with
lower per cent canopy closure than non-reproductive females. Because pipistrelle colonies roost
in foliage rather than in tree hollows or under bark, it may not be advantageous for reproductive
bats to roost high in the canopy, particularly in terms of avoiding cooling effects of wind and rain.
Roosting relatively far from a forest edge may also reduce exposure to the cooling effects of wind
for reproductive females.

Preliminary Report of the Distribution and Abundance of Bats Occurring in Connecticut
Veilleux,JacquesPierre,SherryL. Veilleux,andChristopherP. Potanas

SacredHeartUniversity,Fairfield,CT;IndianaStateUniversity,TerreHaute,IN

A comprehensive survey of the summer distribution and abundance of bats occurring in
Connecticut was initiated during the summer season of 2002. Few data are available in the lit-



Colonial Roosting Requirements of Captive Microbats
Webber, Dharma, Bat World Sierra, Placerville, CA

As it is now common practice to keep colonial mammals with same or similar species, this is
also true for colonial species of bats. While not all bats in the United States are colonial, most
crevice dwelling species live within and often together in social groups. Case studies presented
detail how these social animals thrive physically and emotionally when housed colonially. The

A Tale of Two Siblings: Multiple Paternity in Big Brown Bats (Eptesicus fuscus)
Demonstrated Using Microsatellite Markers

Vonhof, Maarten J., Diana Barber, M. Brock Fenton, and Curtis Strobeck, University of Tennessee,
Knoxville, TN; Mesker Park Zoo, IN; York University, Toronto, ON; Univ. of Alberta, Edmonton, AB
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In temperate bat species, the opportunity for sperm competition or other mechanisms of post
copulatory paternity biasing is thought to be great, due to the long delay between copulation and
fertilization, demonstrated sperm storage capabilities, and observed promiscuity. In this paper we
present the results of a study to assess whether litters of dizygotic twin big brown bats (Eptesieus
jUseus) share the same father. We sampled 26 mother-twin triads from three colonies in Indiana
and Illinois, as well as 304 additional adults (242 females and 62 males) from those and five other
maternity colonies in the same area in 1997-98. All individuals were genotyped at nine highly
variable autosomal micro satellite loci and one X-linked locus, and multiple paternity was
assessed using four methods. First, we directly assessed paternity by sampled males using
exclusion, and identified the father for 4 of 52 juveniles. In one case, both members of a litter
shared the same father, whereas in two cases the father for only one pup in the litter was
identified. Interestingly, 2 of 3 fathers were sampled in the same colony as the mother. Second,
using an X-linked locus, we determined that the paternally contributed allele was different within
2 of 5 sets of female twins. Third, we used the maximum-likelihood methods in the program
KINSHIP to distinguish between maternal half siblings and full siblings, and found that 12 of the
26 sets of twins were related only at the half-sibling level Fourth, relatedness between twins was
bimodally distributed, with peaks centered at the levels of relatedness expected for half-siblings
and full siblings. Thus, four lines of evidence indicate that litter-mates regularly do not share the
same father. Our results highlight the potential importance of female choice and post-copulatory
mechanisms of paternity determination in the mating system of big brown bats, and have
important implications for gene flow and population structuring in this species.

erature describing the population structure of bats in Connecticut. Historically, nine species were
known to occur in Connecticut during summer months. One is currently considered extirpated
(Myotis leibii), one is federally endangered (M. sodalis), and three are listed as state special
concern: the red bat (Lasiurus borealis), hoary bat (L. cinereus), and silver-haired bat
(Lasionyeteris noetivagans). The remaining species: little brown bats (M. lueifitgus), northern
long-eared myotis (M. septentrionalis), big brown bats (Eptesieus jUseus), and the eastern
pipistrelle (Pipistrellus subjlavus) are considered secure within the state. Twenty-five sites were
sampled using both mistnets and AnabatII bat detectors. Data from mistnet captures are
presented. Mistnets were typically set across small rivers and creeks, and more rarely over small
ponds. Mistnets were set from dusk until 00:00 h. Following capture, bats were identified and
assessed for sex, age, reproductive status, and mass. A numbered aluminum wing-band was
attached to each individual. We captured 133 individuals representing five of the eight species
known from Connecticut. In order of decreasing abundance the species were: M. lueifugus (n =
86), E. jUseus (n = 36), P. subflavus (n = 6), M. septentrionalis (n = 3), and L. borealis (n = 2).
Overall capture success was 5.3 individuals per net night. These data represent the beginning of a
long-term study aimed at determining the population status, in terms of distribution and
abundance, of bats occurring in Connecticut.
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use of roosting pouches to integrate bats into a colonial environment is discussed. Construction
diagrams and instructions are included to aid in making fabric pouches that simulate a natural
environment and promote a colonial lifestyle by providing dark folds where the bats can hide.
This poster presentation focuses on insuring humane habitat conditions by including companion
animals as a vital part of colonial bat husbandry.

Seasonality of Bat Communities in Two Neotropical Lowland Forests
Weise, Christa D. and Elisabeth K. V. Kalko, University of New Mexico, Albuquerque, NM; University of

Ulm, Germany; Smithsonian Tropical Research Institute, Panama

Neotropical bat communities are among the most complex and diverse. The exceptional
diversity of Neotropical bats is mainly due to the diverse feeding ecology of Phyllostomids, the
most speciose family of bats in the Neotropics. Bats are of critical importance for pollination and
seed dispersal, and are predators of insects and small vertebrates in tropical forests. Though
temperatures in the tropics do not vary strongly, rainfall is seasonal and influences community
dynamics strongly by regulating food and roost availability. I am studying the seasonality of
species composition and abundance of two Neotropical bat communities within the rainfall
gradient between the Pacific and the Atlantic coast of Panama, a moist semideciduous forest,
Barro Colorado Island, and a wet evergreen tropical lowland forest, Fort Sherman. These sites
are geographically proximate but vary strongly in floral composition and annual rainfall (BCI:
2637mm, FS: 320Omm). The focus of this study is on frugivorous Phyllostomids, which can be
well sampled with mistnet surveys. Due to differences in rainfall and the resulting differences in
plant species composition at the study sites, bat assembly, abundance, and seasonality can be
expected to differ. The species composition and seasonal occurrence of bats in the two forests is
surprisingly similar, whereas differences in abundance are more substantial. Results of the
ongoing study will be presented.

Designing Regional-scale Monitoring for Free-flying Bats:
Incorporation of Detectability Estimates

Weller, Theodore J., Patricia N. Manley, James A. Baldwin, and Michelle M. McKenzie, Pacific Southwest
Research Station, USDA Forest Service, Arcata, CA

The documentation of bat species occurrence and distribution by monitoring at regional
scales is an effective means to identifY concerns and prioritize conservation efforts for bats.
Challenges inherent in large-scale monitoring efforts, such as spatial and temporal variability,
geographic extent, and survey cost, necessitate a solid statistical foundation that allows maximum
inference from data collected. Estimates of detectability can serve as one element of this
foundation; they enable estimates of actual (as opposed to observed) occupancy rates, evaluation
of sample size requirements, and exploration of sample design efficiencies. We conducted a pilot
study in forests of the central Sierra Nevada, California to evaluate designs for a regional-scale
bat monitoring program. A total of 36 sites in three elevation bands were surveyed multiple
times. We then applied a maximum likelihood estimation procedure to data collected during
these 178 surveys to estimate detection probabilities for 11 bat species detected in the study area.
Summation of detection probabilities allowed us to estimate the number of species detected per
unit effort and evaluate survey completeness. It further allowed us to determine efficient
combinations of spatial and temporal replication required to achieve reliable results. We outline
the statistical approach, present specific results, and expand upon the wider applicability of such
an approach, particularly as it applies to designing regional-scale monitoring.
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www.batcalls.org: A Web Application for Sharing Bat Calls
Wenzel, Mary, Goleta, CA

A database-driven web application for sharing bat calls has been constructed with open
source software (PHP, MySQL, HTML, Javascript). The website, www.batcalls.org, allows
contributors to upload and download .wav files of bat calls. Contributors can enter extensive
attributes for each call and attach images such as sonogram screenshots and bat photos. Though
primarily intended for time-expanded echolocation calls, batcalls.org can also be used to share
social calls. While observant birders around the world have been making significant
contributions to determining the geographic ranges, migration pattems and population trends of
bird species for over a century, opportUnities for amateur participation in bat monitoring have
been limited. Acoustic surveys offer the most promiSe for increasing the ranks of eyes and ears
on the ground and substantially improving presence/absence range data for bats. Voucher calls,
those that come from bats positively identified in the hand, are critical for acoustic monitoring.
Though much work remains and some bat calls may never be assigned to species with 100%
certainty, the existence of a framework for easily sharing voucher calls will serve as an important
resource for professional and amateur bat researchers. Bat researchers worldwide are urged to
contribute their voucher calls to www.batcalls.org.

Ecology, Life History and Longevity of Bats
Wilkinson, Gerald S. and Jason M. South, University of Maryland, College Park., MD

Traditional evolutionary theory predicts that life span should decrease in response to extrinsic
sources of mortality. In contrast, a recent model for longevity extension predicts that resource
predictability and communal care should be associated with variation in life span. To evaluate
these predictions, life history and ecological factors were used to predict variation in longevity
recorded for 64 species bats in captivity or in the wild. Relative to nonflying mammals of similar
size, bats live 3.5 times as long with six species known to survive more than 30 years. A
maximum longevity of 38 years has been reported for an 8 g male Brandt's bat from Siberia.
Univariate and multivariate analyses of species data, as well as of phylogenetically independent
contrasts obtained using a supertree of Chiroptera, reveal that bat longevity increases with body
mass, hibernation and occasional cave use, but decreases with reproductive rate and is not
influenced by diet or colony size. These patterns match predictions of the traditional evolutionary
theory of senescence. The strong association observed between hibernation and longevity in bats
is consistent with hibernation acting to reduce caloric intake and thereby mimic the effects of
dietary restriction on longevity in other animals.

Roost Switching, Roost Sharing and Social Cohesion
in Forest-dwelling Big Brown Bats

Willis, Craig K. R and R Mark Brigham, University of Regina, Regina, SK

Benefits of group living in cavity roosting bats, combined with bats' longevity and low
reproductive output, could lead to evolution oflarge, temporally stable social groups. In spacious
roost sites (e.g. caves, buildings) colonies may be large, but in forest ecosystems group sizes are
limited by the physical space available inside roost trees. In theory patterns of roost selection in
forests could reflect the maintenance of long-term social relationships between individuals in
different trees. In this scenario roost switching could serve to increase numbers of individuals
with which bats maintain associations. We used radiotelemetry to identify roosting patterns in
forest-dwelling big brown bats (Eptesicus [uscus). Our objectives were to quantify roost
switching behaviour, assess associations between bats resulting from roost switching, and
determine if a stressful stimulus (captivity) affects roosting behaviour and body condition in
female E.fuscus. Consistent with previous studies we found that bats switched trees often (every
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2.4 days) and remained loyal to the same small patches of forest within years. Bats also exhibited
loyalty to the roosting area between years. Roost switching significantly increased novel roosting
interactions between bats. We devised a roost-sharing index to quantifY associations between
pairs of bats and found that most pairs associated more often than would be predicted with
random roost and roost-mate selection but that all tagged bats spent at least some days roosting in
different trees than preferred roost-mates. Captivity did not affect any of the roosting behaviours
we measured, or body mass at recapture. Our results indicate that bats are adept at finding roost
mates in the forest, tend to roost with certain individuals but occasionally roost away from them,
and that they likely depend on some form of information transfer (as opposed to spatial memory
alone) to find occupied roosts on a given night. We contend that patches of forest to which bats
remain loyal within and between years, may be analogous to spatially large roosts in caves, mines
and buildings.

Long Term Re-use of Trembling Aspen Cavities as Roosts
by Big Brown Bats (Eptesicus fuscus)

Willis, Craig K. R., Kristen A. Kolar, Amanda L. Karst, Marina C. Kalcounis-Rueppell, and R Mark
Brigham; University of Regina, Regina, SK; California State University, Sacramento, CA

Roost availability may limit some bat populations, implying that there is a selective
advantage to being able to re-use sites on an annual basis. We monitored aspen tree use by
Eptesicus jUscus during multi-year studies (spanning 10 years) at the same site in Saskatchewan.
Our data suggest that aspen roosts are reused by groups of bats more often than by solitary
individuals. We found that reuse of live trees over the medium term (three years) is more
common than previously thought and that in some instances, long term (nine and 10 years) re-use
can occur. This supports the hypothesis that cavity roosting bats exhibit between year loyalty, not
just to patches of forest but to specific trees as well.

Insectivorous Bats as Predators during Forest Pest Outbreaks
Wilson, Joanna M., University of Calgary, Calgary, AB

Pest outbreaks in forests may provide important concentrations of prey for insectivorous bats,
and bats may playa role in limiting such forest pest populations. During the swnmer of 2002, I
investigated the predator-prey interactions between forest bats and western spruce budworm
(Choristoneura occidentalis, Lepidoptera: Tortricidae), an economically important pest of
Douglas-fir trees. According to optimal foraging theory, it should be advantageous for bats to
spend more time foraging in dense patches of prey to maximize energy intake with minimal
search effort. Therefore, I hypothesized that the bat community would show an aggregative
numerical response (increased activity) and a functional response (increased moth consumption)
to high concentrations of prey in western spruce budworm outbreak areas. I used bat detectors,
fecal analysis and insect traps to measure bat activity, bat diet and insect abundance during a
western spruce budworm outbreak in southern interior British Columbia, Canada I compared bat
diet, bat activity and insect abundance in both outbreak and non-outbreak sites, before and during
the western spruce budworm moth flight period. I will present preliminary results from this work
and discuss implications for bat foraging behaviour and forest pest management.

Seasonal Dietary Changes in Costa Rican Carollia (Chiroptera: Phyllostomidae)
York, Heather A., University of Kansas, Lawrence, KS

Frugivorous bats are well known to consume various non-fruit items, such as insects, pollen,
nectar, and floral structures, in addition to fruits. However, it remains poorly understood whether
the inclusion of such foods serves as a dietary substitute when fruits are scarce, as a dietary
supplement to meet nutritional requirements, especially during times of reproductive activity, or a
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combination of substitution and supplementation. To elucidate the role of non-fruit items in
frugivorous bat diets, I analyzed the contents of fecal samples from mist-netted individuals of
four species of Carollia (Chiroptera: Phyllostomidae) to compare diets between the wet and dry
seasons in both an aseasonal wet forest (La Selva Biological Station, Caribbean lowlands) and a
seasonal dry forest (Parque Nacional Palo Verde, Pacific lowlands) in Costa Rica. Preliminary
results show that insects and floral structures are eaten only when fruits are scarce, namely,
during the dry season in dry forest. In contrast, fruits are eaten almost exclusively when this
resource is more abundant. The implications of this dietary trend for interspecific food
competition and for relationships between diet and reproduction currently are being investigated.

* Regulation of Leptin and Leptin Receptor Expression during Pregnancy
. in Myotis lucifugus

Zhao, ling, Thomas H. Kunz, and Eric P. Widmaier, Boston University, Boston, MA

Leptin is an anorexogenic protein secreted by adipose tissue, which acts on brain receptors as
part of a feedback loop controlling food intake and energy balance. During pregnancy in
mammals, there is a progressive increase in serwnleptin levels coupled with an apparent state of
leptin resistance; the latter may account for the hyperphagia of pregnancy despite elevated leptin
levels. The origin of the increase in leptin levels may include either adipose or placental tissues,
or both, depending on the species. Because leptin has also been suggested to asswne important
roles in maintenance of pregnancy and placental function, unrelated to its metabolic functions in
the brain, we investigated regulation of leptin and leptin receptor expression during pregnancy in
two animal models and in human choriocarcinoma cells. Circulating leptin levels in bats are
higher than in any other known order of mammals. In Myotis lucifUgus, leptin mRNA was
detected in placentae, and leptin was secreted in large amounts from isolated placentae in vitro.
Interestingly, leptin was also expressed in Myotis (and Eptesicus fuscus) liver, a phenomenon
previously believed to be unique to birds with fatty livers. Histological examination of M.
lucifugus liver, however, did not reveal the presence of fat-storing cells, suggesting that leptin
might be expressed in hepatocytes. In contrast to bats, placentalleptin expression and secretion
was barely detectable in Mus musculus, and no leptin was expressed in liver. To investigate
factors regulating leptin production during pregnancy, both bat placentae and a hwnan
trophoblast cell line (BeWo cells) were used. In bat placenta, leptin secretion was stimulated by
cAMP, but not by glucocorticoids or progesterone. In BeW0 cells, cAMP greatly augmented
leptin synthesis and secretion. Corticotropin-releasing hormone and glucocorticoids stimulated
leptin secretion but not expression in BeW0 cells. As a first attempt to determine the mechanism
ofleptin resistance during pregnancy, expression of the active form of the leptin receptor (Ob-Rb)
in the hypothalamus was examined. Because the sequence of bat leptin receptor was unknown, a
portion of the 5' end of the coding region of M. lucifugus Ob-Rb was cloned and sequenced.
Using probes derived from this sequence, receptor expression was detected in several tissues,
notably the placenta. There was no significant change in hypothalamic Ob-Rb in either bats or
mice, however, as gestation advanced. By contrast, at least three different isoforms of leptin
receptor were expressed in placenta, and their synthesis increased from early to late gestation.
These results suggest that hyperleptinemia in bats (but not mice) during pregnancy may partly
result from placental leptin synthesis and secretion and that placental leptin is up-regulated by
cAMP. Regulation ofOb-Rb production in the hypothalamus does not appear to be involved in
mediating leptin resistance during pregnancy. Because of the presence and gestational increase of
Ob-Rb in placenta, it is proposed that leptin might have an autocrine and/or paracrine role on the
placenta inM.lucifUgus.

* .rmg Zhao received the Lubee Foundation Award.
End of abstracts
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Report on the 32nd Annual North American Symposium on Bat Research

Thomas A. Griffiths, Program Director, NASBR
Margaret A. Griffiths, Associate Program Director, NASBR

The 32nd annual North American Symposium on Bat Research met at the Radisson Hotel
in Burlington, Vermont from November 6-9, 2002. G. Roy Horst of Bat Research News and
William Kilpatrick of the University of Vermont were the conference hosts. There were 263
registered participants, not counting the educators who attended the special Bat Education
Workshop on Saturday morning. Most of the participants (63.9%) were affiliated with
academic institutions; 16.7% were from federal or state government agencies; 12% were from
private business or private consulting groups; 45% were from zoos and parks; and 2.7% were
individuals who attended simply because they were interested in bats. More than a third
(36%) of the participants were students. The majority of the participants this year came
from the United States (83.1%); 11.4% of the participants were from Canada, 1.8% were
from Puerto Rico and Mexico, and 3.8% of the participants came from countries outside of
North America (Germany, Sweden,Austria, the United Kingdom, South Africa, and American
Samoa).

One hundred and thirty-one scientific papers were presented at the Burlington meeting.
not counting the special presentations for teachers made during the Saturday morning
workshop. Eighty-one were platform presentations and fifty of these were poster
presentations. A single plenary session was held Thursday, and concurrent sessions were held
on Friday and Saturday again this year.

Once again this year, graduate and undergraduate student participants were invited to
enter their platform papers and poster presentations in a competition which judged the
merits of their presentations. A new policy was implemented this year. The NASBR Board
of Directors voted at the 2001 meeting to limit the number of times a student could enter the
student competition for platform presentations. Under this new policy, each student may
enter the student competition only once per degree program; the student chooses when
his/her research is completed and ready for presentation in the plenary Student Competition
Session. (The number of times a student can enter the poster competition has not been
limited; students may submit posters to the student competition as many times as they wish.)
Nineteen students presented platform papers in the plenary Student Competition Session, and
eleven students entered their posters in the Student Poster Competition. In addition, twenty
four students presented papers in concurrent (non-judged) sessions on Friday.

A special committee headed by Betsy Dumont judged the nineteen student platform
papers and eleven student posters. A new student award was established this year by Basically
Bats Wildlife Conservation Society. Therefore, five cash prizes of $250 USD each were
awarded for outstanding student platform papers at the Saturday evening banquet. Hannah ter
Hofstede of York University, Toronto, Ontario, Canada won the Basically Bats Wildlife
Conservation Society Award; Nickolay Hristov of Wake Forest University, Winston-Salem,
North Carolina won the Bat Conservation International Award; Paul Cryan of the USGS Arid
Lands Field Station and the University of New Mexico, Albuquerque, New Mexico won the
Bat Research News Award; ling Zhao of Boston University, Boston, Massachusetts won the
Lubee Foundation Award; and Amy Russell of the University of Tennessee, Knoxville,
Tennessee won the Karl F. Koopman Award. Andrea Schaub of the University of Tuebingen,
Tuebingen, Germany won the Speleobooks Award for best poster; this year the prize
comprised a gift certificate for $100 in Speleobooks merchandise and a cash prize of $150.
Generous monetary donations from the Board of Directors of Basically Bats Wildlife
Conservation Society, from Bat Conservation International, from Roy Horst at Bat Research
News, from Roger and Sherry Haagenson of The Lubee Foundation, and from Emily Davis
and Michael Warner of Speleobooks made five of the prizes possible. Donations from a
number of individuals made the Karl F. Koopman Prize possible.
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In celebration of it's 20th anniversary, Bat Conservation International hosted a reception
on Friday evening following the poster session. The reception was a token of appreciation
for twenty tears of support from the membership of the NASBR Thank you, Merlin Tuttle
and BCI, for this very nice event, and congratulations on twenty years of successful work.

The Saturday evening banquet was another memorable event this year. Roy and Bill
selected four outstanding entree choices for the banquet, including Vermont's Traditional
Roast Turkey and Vermont's own Ben & Jerry's Ice Cream Puff for dessert. The hotel's
Director of Catering, Dan O'Brien, and his staff were commended on providing such an
excellent banquet. In addition to presentation of the student awards, several other events
occurred at the banquet. On behalf of the NASBR membership, Robert Barclay presented
Margaret Griffiths with an award in recognition of her service to the society. The higWight
of the banquet was the presentation of the Gerrit S. Miller, Jr. Award to Robert Barclay of the
University of Calgary, Calgary, Alberta, Canada. The award was presented by Brock Fenton,
Robert's mentor and the 1982 recipient of the Miller award. The Gerrit Miller Award is
presented to persons "In recognition of outstanding service and contribution to the field of
chiropteran biology," and is the North American Symposium on Bat Research's highest
honor. Robert joins a small group of distinguished individuals who have received this
prestigious award

Pat Morton of Texas Parks and Wildlife once again organized a special bat education
workshop on Saturday morning of the conference. The workshop was well attended by
Burlington-area teachers, conservation workers, and other local persons interested in the
conservation of bats. This was the seventh year in a row that Pat has organized this
workshop in conjunction with the NASBR We thank Pat for her efforts in making the
workshop possible, and also thank Bat Conservation International, the Lubee Foundation,
Bat Research News, Speleobooks, and Vermont Fish and Wildlife Department for their
generous donations to help support the workshop.

We also thank Janice Valgoi, Dan O'Brien, and the entire staff of the Radisson Hotel
Burlington who helped to make the 32nd NASBR a very memorable and successful meeting.
We think everyone agreed that the Radisson-Burlington was a great venue for the meeting.
Tom and Margaret extend a special thanks to the local hosts, Roy and Bill, to graduate
student Ryan Norris of UVM, and to the members of the Board of Directors 2001-2002
(Hector Arita, Robert Barclay, Mark Brigham, Betsy Dumont, Trish Freeman, Roy Horst,
Bill Kilpatrick, Gary McCracken, Dixie Pierson, and Nancy Simmons) for all the hard work
they did to make this meeting a success. Also special thanks from all of us to Roy, the
"founding father" of the society. And finally I, Margaret, want to thank Roy, Robert, and
the entire NASBRmembership for the special recognition award; you are a great group with
whom to work. See you all in Lincoln, Nebraska in 2003!
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Winter Red Bat Record in Texas (Lasiurus borealis)

White-winged Vampire Captive Birth

Notes
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Basically Bats Wildlife Conservation Society is proud to announce the captive birth of a
white-winged vampire bat (Diaemus youngi). The female pup was born on November 12, 2002,
at the Basically Bats New Mexico Bat Research I1nstitute (NMBRI) located in Tijeras, New
Mexico. We believe this is the first captive birth of this species in the United States. The
pregnant bat, and nine other specimens, were collected this past summer in Trinidad by Dr. Bill
Schutt (Southampton College and AMNH), Farouk Muradali, and members of Trinidad's Wildlife
Ministry (Forestry Division). The bats were successfully transported to New Mexico where they
will reside permanently. For more information, or a photo of this little cutie, contact Daniel
Abram, Director of

NMBRI at diaemus@nmia.com or Sue Barnard, Executive Director of Basically Bats at
batcons@mindspring.com. submitted by Susan Barnard <batcons@mindspring.com>

A healthy adult male red bat (Lasiurus borealis) was recovered in Austin, Texas (Travis
County) on 21 December, 2002. Weight 10 grams~ forearm length 27mm. The bat was found on

US & Canada Bat Distribution Maps Available

Announcement

GIS files and associated metadata documentation are now available for the 45 bat species
found in the United States and Canada. The data are being served via the USGS National Atlas
website at: http://nationalatlas.gov/batm.html

The bat maps are available in an interactive format on the National Atlas website at:
http://nationalatlas.gov/, along with other layers including: cities, federal and Indian
lands, precipitation, watersheds, aquifers, elevation, geology, forest types, forest fragmentation,
county distribution records for over 500 moth species, wildlife mortality, organophospate
poisoning, cancer mortality, West Nile veterinary cases and mosquito surveys, nighttime lights,
and human population density.

All of these files and their documentation are also available in GIS format for download, for
use in your own mapping projects.

If you simply need jpeg images for reports, you may wish to access the BCI website:
http://www.batcon.org. Choose Discovery from the left navigation bar, then click on Bat
Species. The map for each species is available with a photo and abbreviated species account.

These maps were compiled by Bat Conservation International, using data from U.S. state
natural heritage programs, Canadian conservation data centers, published literature, unpublished
reports, museum collections, and personal communications from university, federal, state, and

local biologists. Additional information about the BCI mapping project is available at:

http://www.batcon.org/nabcp/newsite/rangemaps.html. Specific inquiries
about data may be directed to:
Angela England, Bat Conservation International, PO Box 162603, Austin, TX

78716,telephone(512) 327-9721, or email: aengland@batcon.org
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FaD and Winter Records of Nycteceius humeral~ in Texas and Oklahoma

&l.note: This note was accompanied by a small map which could not be satisfactorily reproduced. Apologies to the
author.
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Hinton (Caddo County) OK, 1 female on 30 October
Norman (Cleveland County) OK, 1 female each on 23 October, 6 and 25** November
Stillwater (Payne County) OK, 1 female on 31 October
Midwest City (Oklahoma County) OK, 1 female on 11** November
McAllen (Hidalgo County) TIC. 1 female on 26 November

*found torpid in a woodpile
**found torpid in buildings

New Records of Fruit BATS (Rousettus aegyptiacus) in Qeshm Island ,IRAN

While working on bat species diversity in Qeshm Island , six specimens of the fruit bat
(Rousettus aegyptiacus ) were collected on palm trees in (May, 2002). Although not quite rare,
these fruit bats have been rarely captured in southern IRAN. DeBIase (1980) , Ettemad (1974)
only mentioned the species name without any bat specimens in collections in Qeshm. Therefore
this is the first collection for more than one century. None of the scientists working on this
species were successful in capturing any specimen of the fruit bat in their studies in Qeshm Island
.(Blanford (1876), Lay (1967) Ettemad (1974) , DeBiase (1980 ) ). Submitted by Hossein
Zohoori, Dept of Environmental Sc., Sciences & Researches Unit of Islamic Azad University

Tehran, Iran h zohoori@yahoo.com

the ground Temperatures varied on 21 December from 34 degrees F (l.lC) at 1:00am to 66
degrees F (18.9C) by 2:00pm (CST).
Submitted by Barbara French. e-mail: french@batcon.org

204

Twelve evening bats (N. humeralis) were recovered by the authors in Texas and Oklahoma between
October and December of 2002 as follows:

Oklahoma City (Oklahoma County) OK, 1 female each on 14 October and 3 December; 1male each
on 26* October and 1 November; and 2 bats on 22 October that were not sexed.



What's Up in Ulm, Germany?

In 2000 Elisabeth Kalko became head of the Department of Experimental Ecology at the
University of Ulm in Germany (http://www.biologie.uni-ulm.de/bio3/index.html). Meanwhile
the University finds the department converted into a bat lab. Here is a short account of the
different projects going on in Ulm at the moment:

Dina Dechmann spends about half of her time in Panama collecting data for her PhD
project on the socio-genetics of the round-eared bat Tonatia silvicola. The other half of her time
is divided up between the Universities of Ulm and Zuerich (Switzerland), analyzing data and
discussing it with her supervisors Elisabeth Kalko and Gerald Kerth.

Markus Dietz is working for his PhD-project on the feeding strategies and the changes in
body temperature of Daubenton' s bats (Myotis daubentonii). During summer sleep is rare as his
schedule of catching and radiotracking or light-tagging bats keeps him busy.

Njikoha Ebigbo, after studying the echolocation behavior of the specialized group of
constant frequency echolocating rhinolophids and hipposiderids in Ivory Coast, is now working
on flying foxes for his PhD. In the Comoe National Park in Ivory Coast, these abundant and
highly mobile animals disperse seeds of a variety of tree species. Njikoha wants to find out if and
how these frugivores influence the regeneration of ecologically and economically important tree
species in the region.
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Jakob Fahr is currently writing up his PhD thesis on the community ecology of bats in
Ivory Coast, West Africa. Recently, he has finished the manuscripts for several bat chapters in
the forthcoming multi-volume handbook "Mammals of Africa". Together with Njikoha Ebigbo
and Elisabeth Kalko, he is working in the multidisciplinary research programme BIOTA
(www.biota-africa.de) with a main focus on questions relating to the impact of humans on
diversity, funded by the German Research Ministery.

Stephanie Hard is at the moment very happy and busy with her little daughter Paula (born
on September 8). For the future she plans to share her time between her PhD thesis - where she
compares insectivorous bat communities in temperate zones from Europe and North America
based on their morphology, especially skull-morphology _ and little Paula.

Elisabeth Kalko uses every chance she can get to "escape" from the manyfold university
duties into the field to continue working with her students on echolocation and foraging behavior
ofNeotropical bats and to expand her studies on community ecology. Her most favorite research
site is the field station Barro Colorado Island (BCI) of the Smithsonian Tropical Research
Institute (STRI) in Panama where she became scientific staffin 2000. Working together with the
"bat group" from Ulm as well as with many other colleagues from other institutions and
universities worldwide makes her life enjoyable and gives the necessary energy to continue with
teaching, administration and committee work. To make research "go public" she collaborates
with film teams and currently develops a curriculum for school children with the JASON
foundation. All of these activities wouldn't be possible without the great support of the bat
people!

Stefan Klose has joined the department after a research and study year in Australasia
During his stay at the University of Queensland (UQ), Brisbane, he conducted research on the
social and vigilance behaviour of Pteropus poliocephalus together with Anne Goldizen (UQ) and
Justin Welbergen (Nick Davies, Cambridge) and studied the behaviour and physiology of
Melonycteris melanops in East New Britain, Papua New Guinea with Frank Bonaccorso of the
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National Museum of Papua New Guinea. He is currently preparing to establish a hormone lab at
the department.

Christoph Meyer conducted a telemetry study on Barro Colorado Island, Panama, where he
had a great time trying to gain insight into the secret life of Macrophyllum macrophyllum, a
phyllostomid bat foraging over water. He studied activity patterns and ranging behavior of these
cute little animals for his diploma thesis and is currently doing the number crunching and looking
for patterns in his data.

Katja Soer has spent 3 month at the newly established research station of the university of
Wiirzburg (Germany) in the Comoe National Pare, Ivory Coast (West Africa). For her diploma
thesis about the foraging strategy of the Old World Leafnosed bat Hipposideros cyclops she
radiotracked individual bats. Simultaneously, she put up light traps to estimate the insect
availability of the area.

Sabine Spehn is in Panama and about to finish her analysis of two years of fieldwork for her
PhD, studying mechanisms of coexistence of two ecologically and morphologically similar
gleaning insectivorous species (Tonatia saurophila and Micronycteris hirsuta, both
Phyllostomidae). With radiotracking in the field and experiments in a flight cage with naive,
fresWy caught bats she is sorting out if and how both species differ in their foraging strategy.

Marco Tschapka recently returned from Mexico where he has worked for seven weeks
together with Ragde Sanchez, Yunuhen Rodriguez, Luis Antonio Caballero Martinez, and
Rodrigo Medellin from the Instituto de Ecologia at UNAM on the ecology of the murci6lago
trompudo Musonycteris harrisoni. Another project deals with the bat-pollinated palm
Calyptrogyne ghiesbreghtiana that gets visited by hovering and non-hovering bats. Now awaits
him a semester of teaching about starfish, fish and similar non-bat animals.

Fannie Wetterich is studying the vertical stratification of bats in Panama for her Diploma
thesis. She has set high nets in the forest canopy on Barro Colorado Island, using a crossbow. In
her analysis she addresses changes in species composition and capture frequency of bats along
the vertical gradient of a tropical rain forest. She has already gotten two new records for the
island, which brings the actual number of species on BCI up to 72.

Sandra Wilcken has spent three months on Barro Colorado Island (Panama), studying
flexibility in echolocation call design of Saccopteryx bilineata. For her Diploma thesis she
photographed free flying bats under stroboscopic illumination and simultaneously recorded their
echolocation signals. In contrast to this field work in the rainforest she is now spending the next
180 days in front of a computer, analyzing 3400 pictures and 27 hours of sound recordings.

Moritz Weinbeer is currently studying the sensory ecology of Lampronycteris brachyotis
and Macrophy//um macrophyllum (phyllostomidae) on Barro Colorado Island, Panama, for his
PhD thesis. In field and flight cage experiments he focuses on the question how ecological and
evolutionary factors influence the use and the structure of echolocation in phyllostomids when
searching for prey.

Christa Weise spent August 2001 to August 2002 in Panama collecting data for her
dissertation project on comparing composition and seasonality of the bat communities in two
tropical lowland forests that are geographically close but differ in rainfall regime and vegetation
composition. She is now back at the University of New Mexico in Albuquerque for two
semesters of teaching and taking classes.
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Recent publications from the Department at the University ofUlm

Brooke, A. P.; Tschapka, M. 2002. Threats from overhunting to the flying fox, Pteropus
tonganus. (Chiroptera: Pteropodidae) on Niue Island, South Pacific Ocean. Biological
Conservation 103: 343-348.

Dressler, S.; Tschapka, M. 2002. Bird versus bat pollination in the genus Marcgravia and the
description ofa new species. Curtis's Botanical Magazine (ser. 6) 19 (2): 104-114.

Fahr, J. et aI., 2001. Priority areas for mammals, in: From the Forest to the Sea: Biodiversity
Connections from Guinea to Togo, (008. Bakarr, M., Bailey, B., Byler, D., Ham, R., Olivieri,
S. & Omland, M.). Conservation International, Washington, DC. 78 pp.

Fahr, J., 2001. A fresh look at afrotropical bat assemblages: Combining different sampling
techniques and spatial scales. Bat Research News 42(3): 98..

Fahr, J., Vierhaus, H., Hutterer, R & Kock, D., 2002. A revision of the RhinoJophus macJaudi
species group with the description of a new species from West Africa (Chiroptera:
Rhinolophidae). Myotis 40: 103-134.

Kalko EKV, Handley CO (2001) Neotropical bats in the canopy: diversity, community structure
and implications for conservation strategies. Plant Ecology 153:319-333

Kock, D., Barnett, L., Fahr, J. & Emms, c., 2002. On a collection of bats (Mammalia:
Chiroptera) from The Gambia. Acta Chiropterologica4(1): 77-97.

Korine C, Kalko EKV (2001) Toward a global bat-signal database. IEEE Engineering in
medicine and biology magazine 20:81-85

Korine C, Kalko EKV, Herre EA (2000) Fruit characteristics and factors affecting fruit removal
in a Panamanian community of strangler figs. Oecologia 123:560-568

Sampaio EM, Kalko EKV, Bernard E, Rodriguez-Herrera B, Handley CO (2003) A biodiversity
assessment of bats (Chiroptera) in an upland rainforest in Central Amazonia including

. methodological and conservation considerations. Studies in Neotropical Fauna and
Environment, in press

Schnitzler HU, Kalko EKV (2001) Echolocation behavior of insect-eating bats. BioScience
51:557-569

Siemers BM, Kalko EKV, Schnitzler HU (2001) Echolocation behavior and signal plasticity in
foraging Neotropical Myotis nigricans (Schinz, 1821) (Vespertilionidae): a convergent case
with Pipistrelles? Behav Ecol Sociobiol 50:317-328

Tschapka, M.; Dressler, S. 2002. Chiropterophily: On bat-flowers and flower-bats. Curtis's
Botanical Magazine (see. 6) 19 (2): 114-125.

Wendeln MC, Runkle JR, Kalko EKV (2000) Nutritional values of 14 species offigs (Ficus) and
their role in the diet of frugivorous bats on Barco Colorado Island, Panama. Biotropica
32:473-488



Fleming, T.H. and A. Valiente-Banuet (editors). 2002.
Columnar Cacti and their Mutualist!: Evolution. Ecolo2V. and Conservation.
University of Arizona Press, Tucson.

This excellent book explores the interfaces between colwnnar cacti and animals. It belongs
on the book shelf (among the books you actually have read) of anyone who is interested in bats,
particularly bats that depend upon plants for food. The 17 chapters are arranged in 3 parts: part 1
consists of 6 chapters and deals with geology and evolution; part 2 includes 3 chapters and
focuses on anatomy and physiology, while the 8 chapters of part 3 deal with population and
community ecology and conservation. The book, which includes the work of 29 contributors,
arises from a conference held in Tehuacan City, Puebla, Mexico from 28 June to 3 July 1998.
Each chapter has an English and a Spanish swnmary.

Four chapters (5, 13, 14 and 17) deal specifically with bats, another (12) examines the role of
bats and birds in the reproduction of colwnnar cactii in the northern Andes. Chapter 5 examines
phylogeny and convergence in cactophilic bats. Here, N.B. Simmons and AL. Wetterer
conclude that cactophily evolved once in the Antrozoidae and at least 13 times in the
Phyllostomidae. "Cactophilic" identifies bats that obtain a critical part of their diet from the
nectar, pollen and fruit of colwnnar cacti. Many cactophilic bats are opportunistic in their use of
cacti, but obligate cactophily characterizes some populations, for example of G/ossphaga
longirostris, Leptonycteris curasoae, Leptonycteris yerbabuenae. and Platalina genovensium.
Obligate cactophily may also occur in populations of Cheronycteris mexicana and Leptonycteris
nivalis. The authors predict that the little-known Musonycteris harrisoni from southwestern
Mexico, and Monophyl/us plethedon and Brachyphyl/a cavernarum from the West Indies also
will prove to be cactophilic.

Cactophilic glossophagine bats tend to be bigger than their non-catcophilic relatives, being
heavier with longer forearms and skulls. These features probably are important in the arid and
semi-arid habitats where columnar cacti are most common, and it is proposed that the longer
rostra allow better access to nectar in large tubular cacti. Larger size may favourably affect
water balance, temperature regultion and the costs of flight.

In chapter 12, M. Soriano and A. Ruiz report that colwnnar cacti from Andean enclaves in
Colombia and Venezuela have flowers exhibiting syndromes of chiropterogamy and bats appear
to play a major role in their pollination. The morphology of the fruits of these cacti appear to
favour both chiropterochory and ornitochory. Chiropterogamic features include funnel-shaped
corolla tubes, white to rose-colored petals, nwnerous stamens, and an odor reminiscent of
decomposed vegetables. The flowers produce large quantities of nectar and pollen.

M. del C. Arizmendi et al. (chapter 13) note that the distribution of nectarivorous bats
coincides with the geographic and seasonal distribution of colwnnar cacti and agaves. They
summarize the available data on the diets of the cactophilic bats, and compare them to data on
Glossophaga soricina which conswnes food from many species of plantes but few cacti and
agaves.

T.H. Fleming and J. Nassar (chapter 14) look in detail at the evolution and population biology
of Leptonycteris curasoae, one of the most important pollinators of cacti in arid regions of the
US, Mexico and northern South America This species is highly gregarious and, among the
subfamily Glossphaginae, relatively derived. Cave colonies of L. curasoae are often large (>
100,000 individuals), and widely scattered. Some caves serve as mating sites and each spring,
thousands of pregnant females migrate over 1000 km from southcentral Mexico to the Sonoran
desert. In the Sonoran desert these bats have large foraging areas (up to 2.5 km2), but although
they often live in groups, they appear to forage independently, displaying no cohesive social
behavior.
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Future Meetings

If you know of other planned meetings, large or small, concerning any aspect of bat
biology, please send details to Roy Horst for publication in the next issue.

January 29 - February 1, 2003

2nd Four Comers Regional Bat Conference Itst Annual Western Bat Working Group
Conference for the Management and Conservation of Bats.

209Bat Research News

October 8-11,2003
The 33rd Annual North American Symposium on Bat Research will convene in Lincoln

Nebraska hosted by Patricia Freeman of the University of Nebraska State Museum, October 8-11,
2003 Arrangements have been made for participants in the symposium to stay at the Comusker
Hotel at ~ reasonable rates. All symposium sessions, displays, etc., will be in the Comhusker
Hotel. This hotel was our location for the 20th Symposium in 1990. Everyone who attended that
meeting was very pleased with their hospitality. For more details see our web-site at:
www.nasbr.com

We would like to announce this meeting, scheduled to be held in Durango, Colorado, January
29-February 1, 2003. Conference registration information and call for papers will be available
soon. Room reservations can be made now at the Doubletree Hotel, 970-259-6580. Ask for the rate
for the Four Corners WBWG meetings. Rates will be $59.00 + tax for 1 king bed, 1 or 2 people,
$69.00 + tax for 2 queen beds, 1/2/3people. We encourage everyone to reserve a room early to get
the reduced room rate. Be sure to mention that you are with the Four comers Regional Bat
conference. Registration information is now available on the WBWG website.
(http://batworkinggroups.orgl) Please contact Michael Herder at michael.herder@blm.gov
or Laura E. Ellison at: laura ellison@usgs.gov

August 23-28, 2004
The 13th International Bat Research Conference is planned to be organised in Poland from

23-28 August 2004. More information about the conference will be available in a few months at:
http://www.miiz.waw.pl/IBRC also www.miiz.waw.pl/IBRC

August, 2005
The next European Bat Research Symposium will be held in Ireland in August 2005. More

details will appear here as they become available
There are tentative plans for the following European Bat Research Symposium (2008) in

Romania.

In the book's last chapter (17), M. Santos and H.T. Arita note that the traits of nectar-feeding
bats make them more vulnerable to extinction than other bats. Specifically, the close mutualistic
relationship between the bats and the cacti makes either more vulnerable to extinction that would
be the case in the absence of the mutualism. Santos and Arita identifY priority areas for the
conservation of the bats and the cacti, noting that expanding human populations pose the main
threat to both groups.

The book presents a wealth of information beyond the material about bats. I highly
recommend the book to anyone interested in cacti, in bats, in evolution or in conservation.

M.B. Fenton, Department of Biology, York University, North York, ON M3J IP3 Canada
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