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Acoustic Suppression of Pulse Emissions in a Solitary Bat Species
Amanda M. Adams1 and Michael Smotherman2

1 Department of Biological Sciences, Fort Hays State University, Hays, USA; 2 Department of Biology, Texas A&M
University, College Station, USA

How bats mitigate mutual interference is a longstanding question that has both ecological and
technological implications as biosonar systems continue to outperform man-made sonar systems in noisy,
cluttered environments. Echolocating free-tailed bats display a mutual suppression response, slowing their
pulse emission rates when flying in groups to gain a net improvement in sonar performance. We
hypothesized that mutual suppression is an adaptation for bats that roost and swarm in high densities. To
test this hypothesis, we looked for the behavior in the tri-colored bat, Perimyotis subflavus, that is mostly
solitary and roosts alone, predicting that it would not decrease pulse emission rates in the presence of
echolocation from other bats. We recorded the echolocation of tri-colored bats and measured their emission
rates as they flew through an open and cluttered flight room with and without artificial playback mimicking
the calls of other bats. The results disproved our hypothesis, showing the same suppression of pulse
emission rates with tri-colored bats as we did with free-tails, Tadarida brasiliensis. Instead, mutual
suppression appears to be a common mechanism for mitigating interference in laryngeal-echolocating bats.
In addition, we recorded emission rates as the echolocation of the bats triggered an artificial stimulus and
found that there was a decreased emission rate during the stimulus compared to the rate immediately before
the stimulus was played. These findings indicate that a similar mechanism for mutual suppression of
echolocation exists among different bat species and may be a used by all bats to cope with interference
from conspecifics.
Black-tailed Prairie Dog Colonies Attract Bats

Rick A. Adams
School of Biological Sciences, University of Northern Colorado, Greeley, USA

Black-tailed prairie dogs, BTPD (Cynomys ludovicianus), are purported to be keystone species in
grassland ecosystems and to support as many as 250 plant and animal species. To test if bats were attracted
to BTPD colonies throughout the night, SM2BAT sonar detectors were placed within four colonies in
montane meadow habitat with edges at least 200 m from nearest forest stands. In addition, SM2s were
simultaneously placed at reference sites (montane meadow without BTPD burrows) about 100m from the
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edge of each colony. Eleven locations in BTPD colonies were sampled over 124 detector nights with 11
reference sites over 122 detector nights in June, July and August. After adjusting all data to passes per night,
bat activity was significantly higher in all BTPD colonies than at reference sites (NHCA, P = 0.0001;
SHCA, P = 0.0002; HVR, P = 0.0006; and HALL, P = 0.0001). Sonar analysis showed that all nine foothills
species passed through BTPD colonies during the night but were not equally present. Most pervasive was
Myotis ciliolabrum for whom 75.8% of passes where recorded in BTPD colonies with 24.2% at reference
sites. Perhaps even more surprisingly, M. thysanodes, which typically forages within forested stands,
showed 58% of their passes within BTPD colonies. Eptesicus fuscus and Lasiurus cinereus were also
consistently prevalent in BTPD colonies. Pass frequency by the other species varied by site. It appears that
BTPD colonies have significant positive effects on activity patterns of bats in the eastern foothills of
Colorado.
Learning How to Share: Bat-pollinated Bromeliads from Mexico
Pedro Adrián Aguilar-Rodríguez1,2, Marco Tschapka3,4, José G. García-Franco5, Thorsten Krömer1 and M.
Cristina MacSwiney González1

1 Centro de Investigaciones Tropicales, Universidad Veracruzana, Xalapa, MEX; 2 Department of Zoology, Tel Aviv
University, Tel Aviv, ISR; 3 Institute of Evolutionary Ecology and Conservation Genomics, University of Ulm, Ulm,
DEU; 4 Smithsonian Tropical Research Institute, Panamá, PAN; 5 Red de Ecología Funcional, Instituto de Ecología,
Xalapa, MEX

Competition for pollinators among sympatric plant species is crucial to determine the reproductive
success of those species, especially in pollinator-dependent ones. Bats are considered one of the main
vertebrate pollinator groups in the Neotropics, and their relationship with some plant families is well known.
Members of the Bromeliaceae are commonly reported to be visited by nectarivorous bats, but only a handful
of night-blooming bromeliads have been studied. In this work, we studied the strategies that allow four
sympatric night-blooming bromeliads to avoid competition at sharing bat-pollinators. The study was
conducted at Los Tuxtlas reserve, Mexico. We carried out ex-situ and in situ manual pollination treatments
to determine the breeding system of the plants. We sampled bat-visitors by using mist-nets and also infrared
cameras. In addition, we determined the nectar production pattern over the night, estimating the energetic
content of this reward. All four bromeliads are self-compatible but only one is pollinator-dependent. The
blooming season of each species is staggered between them, and the floral morphology segregates the
places of pollen placement over the bat´s body. The species that provides the most abundant nectar is visited
by three bat species, but the xenogamous species is the one that offers the best reward accounting for the
density of flowering plants. Staggered flowering, different pollen deposition on the pollinator´s body and
differences in the offered reward might be sufficient to isolate these bromeliads, while facilitating a constant
supply of food to maintain a stable nectarivorous bat community.
Roost Size/Type, Microbiota Diversity, and Conservation Status: A Meta-analysis of Mexican
Chiroptera
Abigail M. Alcaraz-Barranco1 and *Augusto J. Montiel-Castro2

1 Licenciatura en Biología Ambiental, Universidad Autónoma Metropolitana-Unidad Lerma, Lerma de Villada,
MEX; 2 Departamento de Ciencias de la Salud, Universidad Autónoma Metropolitana-Unidad Lerma, Lerma de
Villada, MEX

Larger groups increase the probability of social interaction and its benefits, but also that of pathogen
exchange. However, large associations are often socially structured and partner choice can lead to social
assortment, reducing the breadth of interactions and microbial exchange. Therefore, species observed in
smaller groups should show less diverse microbiota, i.e., the community of microbes at a particular site in
a macroorganism, but higher microbial similarity between individuals. Here, we analyse published data on
roost size/type and alpha diversity of Mexican Chiropteran´s microbiota, testing for associations between
these variables. Our results (1) describe a correlation between microbiota diversity and roost type/size
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across species; (2) highlight the still relatively low number of publications including the necessary data on
microbiota diversity in these species; (3) mention the lower number of studies focused on bat sociality and
their microbiota; (4) describe reported diet and habitat diversity as well as (5) the breadth of interspecies
interactions, as variables that could explain the above relationships or aid in their conservation. We
conclude that due to the diversity of their roosting behavior, that of their habitats and abundances, together
with the relatively low number of studies on their microbiota, this order can be a fruitful model for testing
hypotheses on the link between microbial diversity, sociality, and habitat use, while providing novel
information for implementing particular conservation strategies. We suggest that through the development
of such studies we could promote a “multilevel conservation”: both of this mammalian order and its
microbiota.
Identification and Localization of Gonadotropin Inhibitory Hormone (GnIH) in Brain of Big
Brown Bats
Mattina M. Alonge1, Lucas J. Greville2, Paul A. Faure2 and George E. Bentley1

1 Department of Integrative Biology, University of California Berkeley, Berkeley, USA; 2 Department of Psychology,
Neuroscience & Behavior, McMaster University, Hamilton, CAN

Animals rely on environmental cues to ensure appropriate timing of behavior and physiology
essential to successful reproduction. These cues are translated through neuroendocrine signaling in the brain
by the hypothalamic-pituitary-gonadal (HPG) axis. When environmental conditions permit, gonadotropin
releasing hormone (GnRH) is produced within the hypothalamus and secreted to the anterior pituitary where
hormones promoting sex steroid production in the gonads are released into the circulation. The more
recently discovered gonadotropin inhibitory hormone (GnIH) has been found to suppress the HPG axis
across vertebrate species examined, but much remains unknown about its function and responsiveness to
environmental stimuli. Many temperate bat species exhibit interesting annual reproductive life history
strategies, including the separation of mating and gestation by winter hibernation and delayed ovulation;
however, the neuroendocrine mechanisms involved, and which environmental cues are important to their
timing, remains wholly unknown. We aimed to determine whether, and where, bats produce GnIH in the
brain and how it may serve to fine-tune signals within the HPG axis through interaction with other cell
populations. In-tact brains were collected from 6 female and 4 male Eptesicus fuscus from a wild-caught
captive colony housed/maintained at McMaster University. Brains were sectioned and localization and
number of GnRH- and GnIH-containing neurons, as well as fiber density, was determined by floating
immunohistochemistry. These preliminary results provide the first evidence of GnIH in the brain of any bat
species and is a first step toward identifying key neuroendocrine mediators in bats involved in the response
to predictable, and unpredictable, environmental conditions.
Fifteen Years of Acoustic Bat Monitoring in the Missouri Ozarks
Sybill K. Amelon1, Clarissa A. Starbuck2 and Sarah E. Hooper3

1 USDA Forest Service, Northern Research Station, Columbia, USA; 2 School of Forestry, Northern Arizona
University, Flagstaff, USA; 3 Department of Veterinary Pathobiology, University of Missouri, Columbia, USA

Climate change, human-induced land-use change, wind energy development, and introduced
disease all threaten bat populations and underscore the need to detect population changes. We used acoustic
detection of bats to estimate probability of detection and site occupancy of forest bats in the Ozark Region
of Missouri in 2001–2003 (pre-WNS) and resampled sites in 2010–2012 (2010 first WNS) and 2014–2016
(>3 yrs since detection) to evaluate differences. We fit single-species and multi-species site occupancy
models to estimate detection probability and site occupancy with “Unmarked” in R and with a Bayesian
approach. Eight species were detected at 20% or more of the sites in the 2001–2003 sample and only five
species in the resample years. Detection probabilities varied among species but were similar within species
across time. Species responded to landscape pattern at different spatial scales (2, 8, and 16 km). Site, patch
and landscape characteristics were important covariates in estimates of site occupancy for most species.
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Riparian features, aquatic habitats, and bottomland forests were important to most species. All species used
landscapes with high percentages of forest. We found more consistent and larger effect sizes for landscapethan site-scale relationships in each sample period. Wildlife managers can use this information and
approach to evaluate bat population status and trends locally and regionally for planning appropriate
conservation strategies.
Multiple Paternity is Common in Litters of Lasiurus borealis Based on Microsatellite Analysis
Loren K. Ammerman1, Dana N. Lee2, Brittney A. Jones2, Morgan P. Holt2, Samuel J. Harrison1 and Sydney
K. Decker1
1 Department of Biology, Angelo State University, San Angelo, USA; 2 Department of Agriculture, Biology, and
Health Sciences, Cameron University, Lawton, USA

Most species of bats give birth to only one pup each year, although Eastern red bats (Lasiurus
borealis) can produce up to five pups per litter. Offspring in a single litter have been documented to be at
different stages of development, suggesting that multiple paternity occurs. We tested the null hypothesis of
genetic monogamy in red bats using six autosomal microsatellites and one X-linked microsatellite locus
from 31 parent/offspring groups for a total of 128 bats. Average litter size was 3.13 pups. We sampled both
pregnant females and mothers with pups that were obtained from bats submitted to both Oklahoma State
Department of Health and Texas Department of State Health Services for rabies testing. Multiple paternity
was assessed using maximum-likelihood methods and X-linked locus exclusion. The mean polymorphic
information content of our markers was high (0.8819) and non-exclusion probability was low (0.00027).
Results from the maximum-likelihood approach showed that 22 out of 31 (71%) parent/offspring groups
consisted of half siblings, and X-linked locus exclusion suggested multiple paternity in at least 10
parent/offspring groups, rejecting our hypothesis of genetic monogamy. This frequency of multiple
paternity is the highest reported thus far for any bat species. High levels of multiple paternity have the
potential to impact interpretations of population genetic studies and estimates of effective population size
in this species. Further, multiple paternity might be a mechanism for increased genetic variation, which
could be an important adaptive strategy in this species.
Winter Community Assemblage and Activity Patterns of Bats in the Southeastern United States
Brett R. Andersen1, Richard D. Stevens2 and Liam P. McGuire1

1 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 2 Department of Natural Resources
Management, Texas Tech University, Lubbock, USA

Despite the spread of white-nose syndrome (WNS; Pseudogymnoascus destructans) into central
North America, the southeastern United States remains free of the disease, likely due to a warmer climate
and the absence of caves. In this region, typical cave-wintering eastern bat species such as tri-colored bats
(Perimyotis subflavus) and federally threatened northern long-eared myotis (Myotis septentrionalis) occur
year-round. The presence of such species, their documented activity during winter, and the absence of WNS
offer a unique opportunity to understand how bat communities fluctuate throughout the winter. In this study,
we investigated spatial and temporal activity patterns of bats in managed pine forests of eastern Texas and
central Louisiana. From late-December 2017 through late-March 2018, we rotated 12 acoustic detectors
weekly through 108 sites and manually identified over 26,000 calls collected during this time. Although
common southeastern species such as eastern red bats (Lasiurus borealis), seminole bats (Lasiurus
seminolus), and big brown bats (Eptesicus fuscus) were most frequently detected, tri-colored bats and
northern long-eared myotis calls were identified throughout the winter from 51% and 64% of detectors,
respectively. Interestingly, despite speculation of this area being an overwintering site for long-distance
migrants, silver-haired bats (Lasionycteris noctivagans) and hoary bats (Lasiurus cinereus) were detected
more frequently towards the end of the study, suggesting a more southern winter origin. Understanding
winter activity patterns of each species will aid in developing informed conservation strategies for this
unique region.
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Development of Fibroblast Cultures for North American Bat Species – A Novel Method for
Studying White-nose Syndrome
Briana N. Anderson, Tom E. Tomasi and Christopher R. Lupfer
Department of Biology, Missouri State University, Springfield, USA

White-nose syndrome (WNS) causes substantial mortality in certain species of hibernating North
American bats. The responsible agent is Pseudogymnoascus destructans (Pd), a fungus which causes
increased arousals and energy depletion during the hibernation season. Elevated immune responses have
been observed in torpid Pd-infected bats, but bat immunology remains under-studied. Tri-colored bats
(Perimyotis subflavus) and northern long-eared bats (Myotis septentrionalis) suffer extensive WNS
mortality, while gray bats (Myotis grisescens) and big brown bats (Eptesicus fuscus) are infected, but
mortality is rarely observed. It is hypothesized that there is a difference in immune responses and/or
hibernation metabolism between these species, resulting in interspecific variation in disease severity. To
test this hypothesis, wing tissue biopsies were obtained in the field and utilized to create fibroblast cultures.
Fibroblasts were infected with Pd, and RNA-sequencing was used to assess differences between the above
four species. Susceptible species’ infected fibroblasts over-expressed several immune and metabolic genes
compared to uninfected, while resistant species’ fibroblasts did not respond to Pd. This study has the
potential to explain interspecific differences in WNS disease severity, which could assist in establishing
treatment and conservation strategies for North American bats. In addition, we have pioneered a cell culture
method to address WNS-questions without using live bats; this will allow researchers to address a myriad
of questions, such as which western bat species might be most susceptible to WNS as it spreads westward.
Bat Activity in California Redwood Forests Investigated Across a Summer Fog-climate Gradient
Chelsea L. Andreozzi and Adina M. Merenlender

Department of Environmental Science, Policy, and Management, University of California Berkeley, Berkeley, USA

Fog provides critical hydrologic inputs to coastal ecosystems and may mitigate the impacts of
higher temperatures and drought associated with climate change. However, little is known about how fog
patterns affect terrestrial fauna species distribution and behavior. We investigated bat species distribution
in northern California coast redwood forests at 15 independent sites, surveying across high and low summer
fog habitat conditions. Two Wildlife Acoustics SM2BAT detectors were deployed for a minimum of 4
consecutive nights at each site in early and again in late summer 2018, with one detector set in the riparian
corridor and the second in nearby forest cover. Temperature and humidity were recorded every 10 minutes
to relate bat activity to microclimate conditions. Mist netting was done to augment acoustic detection data
and to obtain samples for stable isotope analysis of bat body water. Preliminary results show that bat species
detected at a study site ranged between 3 to at least 10, and climate and forest disturbance history may help
to explain significant differences in species diversity. Furthermore, significant differences in species
presence and detection rates were observed in same-site early and late summer comparisons emphasizing
the need for longer term monitoring with multiple detectors to accurately survey species presence and
understand summer activity patterns. This ongoing research will ultimately address the value of coast
redwood forests as climate refugia, as well as shed light on how climate variables interact with forest
management practices to produce habitat conditions that are more or less favorable to different species.
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The Chiropteran Wealth of Nations: Higher Taxon Diversity of the Countries of the World
Héctor T. Arita1 and Jimena Vargas-Barón2

1 Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autónoma de México, Ciudad
de México, MEX; 2 Posgrado en Ciencias Biológicas, Universidad Nacional Autónoma de México, Ciudad de México
MEX

Geographic patterns of species richness have been thoroughly examined, allowing an understanding
of the processes that generate and maintain biological diversity. Richness of higher taxa have received much
less attention, despite its importance in deciphering evolutionary processes in deeper time. We present here
a global analysis of bat diversity by countries, introducing a method to partition species richness into
components of supraspecific taxa (genera and families), allowing the analysis of diversity at different
phylogenetic scales. For comparative purposes, we also present data for non-volant mammals. We found
that (1) area, the continent in which the country is located, and latitude are the main predictors of a country’s
taxon richness; (2) species richness is higher in countries with location in the intertropical zone, but bat
species richness is less dependent on area than richness of non-volant mammals; (3) in the New World,
genus richness is the main contributor to overall diversity; (4) in the Old World, the chief component of
overall bat diversity is species richness, whereas the number of orders contribute the highest to non-volant
mammal diversity; (5) Old World countries have higher taxonomic diversity of bats than their New World
counterparts, but the difference is weaker than for non-volant mammals. In the Old World tropics, bat
diversity is associated with relatively few but very speciose genera; in the neotropics, diversity is generated
by a high number of genera, each with relatively few species. This dissimilarity is the result of different
diversification histories occurring at different time scales.
A Field Test for Interspecific Comparisons of Behavioral Responses in Novel Environments
Doris Audet1 and Elène Haave-Audet2

1 Department of Science, University of Alberta, Camrose, CAN; 2 Osa Conservation, Washington, D.C., USA

Inter-specific differences in habitat use in bats have been explained in relation to morphology and
echolocation. Diversity in other behavioral characteristics, in particular exploratory behavior and responses
to novel environments, may also contribute to variation in several aspects of bats’ behavioral ecology,
including differences in roosting habits and habitat use during commuting and foraging. Furthermore, these
behavioral responses may influence species’ vulnerability to environmental changes. In this study, we
investigated the efficacy of field assays for examining behavioral differences in novel environments in an
interspecific context. Our goal was to provide conditions that elicit behavioral responses, including
exploration, with the simplest possible design. The test cage, sufficiently large for flight, contained a single
object that could also be used as a shelter. Six-minute trials were started in the dark, and a light stimulus
was introduced mid-trial. We video-recorded and analyzed the behavior of six species of neotropical bats
(N = 54 bats) from two families, differing in roosting and foraging habits. Significant differences in activity
levels, modes of locomotion, and interactions with the object were detected among species, demonstrating
the effectiveness of this field test. Further investigations of the extent of inter-specific behavioral
differences in novel environments using this test will allow us to study correlations between species’
inherent levels of activity and their use of their environment, such that we can incorporate this behavioral
dimension in an ecological context.
Good Genes or Good Luck? Little Brown Bats Show Signs of Evolutionary Adaptation to Whitenose Syndrome
Giorgia G. Auteri and L. Lacey Knowles

Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, USA

Due to white-nose syndrome (WNS), many species of bats are experiencing tremendous population
declines. Whether populations are evolving in response to the disease and to what extent they have
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experienced a genetic bottleneck are of great conservation interest. We collected tissue from little brown
bats (Myotis lucifugus) in Michigan, USA that had been found dead from WNS and adults that had
apparently survived hibernation in a WNS-positive area. A shotgun sequencing approach was used to look
broadly across the genome. Genetic drift was estimated using F statistic. An FST outlier approach was used
to identify sites under selection. We identified a total of 19,797 SNPs among 29 mortalities and 9 survivors.
The survivors showed signs of a severe genetic bottleneck, with genetic drift an order of magnitude greater
compared to mortalities (mean F = 0.04 versus 0.006). However, we also found nine single-nucleotide
polymorphisms apparently under positive selection. Three of these are within coding mRNA coding
sequences. The most extreme outlier, FOXP2, is involved in echolocation and sensorimotor function,
potentially indicating diet (prey type or hunting ability) during summer is important for contributing to
survival. Another of the genes is involved in histamine reception, which likely has a downstream influence
on the immune response to WNS. Our findings suggest that this species is capable of adapting to WNS but
is also sensitive due to greatly reduced genetic diversity within the population. that it is important to protect
populations in both their summer and winter ranges.
Effect of Capture Handling on Vocalizations of Molossus rufus
Rafael Ávila-Flores, Lucio Pérez-Pérez, Rafael León-Madrazo and Alba Z. Rodas-Martínez

División Académica de Ciencias Biológicas, Universidad Juárez Autónoma de Tabasco, Villahermosa, MEX

Individual microchiropteran bats use vocalizations not only to detect food and objects in the
surrounding space, but also to share information with conspecifics. Individual bats that are under perceived
attack of potential predators or are subjected to potential dangers may produce distress calls and may suffer
physiological stress. Both responses may be exhibited by bats when humans manipulate them even if they
do it gently. Therefore, vocalizations recorded immediately after manipulation could be influenced by
previous states of stress. In this study, we performed simple experiments in an urban open setting to evaluate
the influence of manipulation by bat researchers on time and frequency parameters of vocalizations of
Molossus rufus recorded at 10 and 50 m away from release point. Most bats did not produce vocalizations
when subjected to stressful situations such as entering the mist net or staying in the cloth bag, but they did
vocalize when were removed from the net or handled to obtain standard data. Vocalizations recorded at 10
m from release point had significantly higher frequency, wider amplitude, shorter duration, and shorter
interpulse interval. Because distress calls were not always observed, we suggest that differences in call
parameters recorded from the same individuals at different distances were caused by proximity to obstacles
or altered physiological states rather than by distress-call inertia. Our results suggest that reference calls
recorded at short distances from the microphone should be taken cautiously at least for species with high
vocal plasticity such as M. rufus.
Seasonal Intake Responses Could Reflect Digestive Plasticity in the Nectar-feeding Bat Anoura
geoffroyi
Jorge Ayala-Berdon1, Cesar García Corona2 and Margarita Martínez-Gómez3,4

1 Consejo Nacional de Ciencia y Tecnología, Universidad Autónoma de Tlaxcala, Tlaxcala de Xicohténcatl, MEX; 2
Facultad de Agrobiología, Universidad Autónoma de Tlaxcala, Tlaxcala de Xicohténcatl, MEX; 3 Universidad
Autónoma de Tlaxcala, Tlaxcala de Xicohténcatl, MEX; 4 Departamento de Biología Celular y Fisiología,
Universidad Nacional Autónoma de México, Tlaxcala de Xicohténcatl, MEX

Many studies have used intake response as a tool for understanding digestive capacities of bats to
process nectar. Nevertheless, most of them have been done in one season, assuming that this response does
not change over the year. One study performed with Glossophaga soricina found different intake response
over seasons, but these changes are unknown for other bat species; especially those inhabiting cold climates.
We measured changes in volumetric intake of Anoura geoffroyi (which can be found in places above 2, 500
m a.s.l.) feeding on sucrose concentrations (from 5 to 35% wt./vol.) in spring and compared the results with
those published for winter. Because of differences in ambient temperature and nectar availability in the
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places they inhabit, we predicted different intake responses among seasons. Contrary to winter, when bats
obtained a constant energy intake and body mass gain of 101.07 ± 5.4 kJ, and 1.31 ± 0.1 g, respectively;
bats obtained from 23 to 37 % less energy and reduced their capacity to gain body weight from 56 to 74 %
when fed on sugar concentrations <15 in spring. Seasonal differences in intake responses could explain
digestive plasticity, which may have important ecological implications for bats. Species able to change their
digestive traits would have the capacity to change their food intake depending on the energy demands
imposed by their environment, while those with low plasticity should change their behavioral and energysaving strategies when confronting changes in the abundance or the nutritional quality of the nectar they
consume.
Landscape Features Associated with Fatalities of Lasiurus cinereus at Wind Energy Facilities
Erin F. Baerwald

Department of Biology, University of Regina, Regina, CAN

Currently, fatalities at wind energy facilities are the greatest known sources of mortality for
migratory tree-roosting bats. Between 840,000 and 1.7 million bats were killed by wind turbines in the U.S.
and Canada from 2000-2011, ~80% of which were of three species of migratory tree-roosting bats (Lasiurus
cinereus, L. borealis, and Lasionycteris noctivagans). Recent studies suggest that fatalities are negatively
affecting populations of these species. To reduce the impacts of wind energy on bat populations, developers
and operators can locate projects in areas of low fatality risk, but this is challenging because habitat use by
migratory tree-roosting species of bat is not well-understood. Intuitively, high-risk areas are within spaces
that concentrate migrating bats (e.g. riparian corridors or ridgelines), but these spaces are not well-defined.
However, recent modelling based on fatality data from wind energy facilities in Ontario, Canada suggest
that fatality risk is correlated with landscape features, such as distance to forest and proportion of water and
cropland. The data also suggest that fatality rates are correlated more with habitat surrounding a facility
(i.e. within a 25 km radius) than within a facility (i.e. within a 1 km or 5 km radius). This knowledge can
be used in siting future developments.
The Influence of Artificial Lights on the Foraging Efficiency and Diet of Insect Eating Bats
Lauren A. Bailey1, R. Mark Brigham2, Shelby J. Bohn2,3 and Ben Smit1

1 Department of Zoology and Entomology, Rhodes University, Grahamstown, ZAF; 2 Department of Biology,
University of Regina, Regina, CAN; 3 Department of Integrative Biology, University of Guelph, Guelph, CAN

Artificial lights may be altering the interactions between bats and moth prey. Unable to make use
of bat evasion strategies around lights, eared moths are susceptible to exploitation by syntonic bats (using
echolocation frequencies between 20–50 kHz within the hearing range of eared moths). We evaluated the
foraging success of syntonic bats and rarer allotonic bats (using echolocation frequencies outside the
hearing range of eared moths), in areas with artificial lights and in naturally dark areas, using a handheld
plasma metabolite analyzer (STAT-Site M β-HB; Stanbio Laboratory, USA). We used microcrope diet
analysis to determine whether bats were consuming more or fewer moths in respective areas. Pipistrellus
hesperidus individuals trapped around artificial light sources showed variation in plasma metabolite (BOH) levels, alluding to foraging responses of individual syntonic bats to artificial lighting. Our data
emphasizes the need for a better mechanistic understanding of the influence of artificial lighting on the
foraging success of bat species. Bat-moth interactions may be influenced by other factors apart from the
common assumption that increased refueling rates will occur in syntonic species foraging on moths around
artificial lights. Syntonic bats increased selection for moth prey under lit conditions, owing to a reduction
in tympanate moth defenses. Eared moths may increase in the diets of generalist syntonic bats foraging
around artificial light sources, as opposed to syntonic species with a slightly more specialized diet. The
foraging success and diets of allotonic bats, Rhinolophus capensis, appear to be negligibly impacted by
artificial lighting on a small scale.
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Using Structured Decision Making to Identify Management Actions for Combating White-nose
Syndrome
Riley F. Bernard1,2, Jonah Evans3, Nathan W. Fuller4, Jonathan D. Reichard5, Jeremy T. H. Coleman5,
Christina J. Kocer5 and Evan H. Campbell Grant2

1 Department of Ecosystem Science and Management, Pennsylvania State University, State College, USA; 2 US
Geological Survey, Patuxent Wildlife Research Center, Turners Falls, USA; 3 Texas Parks and Wildlife Department,
Boerne, USA; 4 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 5 US Fish and Wildlife
Service, Hadley, USA

Decisions regarding the conservation of species impacted by emerging infectious diseases are
challenging. Wildlife managers must balance trade-offs between mitigating the effects of disease and the
implications their actions have for other management objectives. The fungal disease white-nose syndrome
(WNS) has decimated bat populations throughout eastern North America and continues to move west. With
33 migratory bat species in Texas, the likelihood that many of these species will be exposed to and spread
Pseudogymnoascus destructans to uncontaminated sites is high. Thus, we held a structured decisionmaking workshop to assist Texas Parks and Wildlife Department to explicitly incorporate multiple
objectives, uncertainty, and risk in their decision process. The decision problem focused on Perimyotis
subflavus, a species known to be highly susceptible to WNS across its range. The number of potential tradeoffs for this decision were minimized by considering alternatives for colonies that hibernate in culverts in
East Texas rather than in natural caves. Alternatives included individual actions that may act against P.
destructans and benefit bats, as well as a no action option, and combinations of actions. We also considered
mitigation measures for natural caves to assess transferability of the decision model. The optimal, or best,
decision differed for culverts and caves, indicating that a single treatment for WNS applicable for all
scenarios is likely not feasible. However, we did identify several alternatives that were viable for
implementation in Texas culverts that may yield persistent colonies of P. subflavus into the future.
On Roosting Ecology and the Evolution of Bat Landing Maneuvers
David B. Boerma1, Kenny S. Breuer1,2 and Sharon M. Swartz1,2

1 Department of Ecology and Evolutionary Biology, Brown University, Providence, USA; 2 School of Engineering,
Brown University, Providence, USA

The roosting habits of bats are critical aspects of their ecology. Diverse roost types protect bats
from weather and predators while facilitating thermoregulation, maternal care, access to mates and food,
and information transfer through social interactions. We hypothesize that the physical properties of roosts
also have influenced the evolution of bat landing maneuvers. We tested this by documenting 471 landings
from 34 species (21 genera, nine families) in the lab and at field sites in Belize, Bulgaria, China, and Costa
Rica. We trained bats to land on a ceiling-mounted force plate and recorded landing impact forces and
kinematics using high speed videography. We observed three landing styles: two-, three-, and four-point
landings. In two-point landings, bats grasped attachment sites using both feet and employed complex body
rotations to invert their bodies before contact, enacting low-impact landings. Bats using three- and fourpoint landings made additional contact with one or both thumb claws and performed simpler body rotations,
resulting in higher impact forces. All individuals within a species used the same style, except in two cases.
Phylogenetic character mapping suggests that two-point landings evolved convergently in Phyllostomidae
and Rhinolophidae, and appear correlated with roosting on stiff surfaces, such as cave ceilings, where lowimpact landings could reduce injury. Three-point landings evolved in tent-making phyllostomids. Ancestral
state reconstruction estimates that four-point landings are basal. Our results suggest that bat ancestors
landed using all four limbs, similar to maneuvers executed by gliding mammals, and that complex landing
styles evolved to accommodate novel roost types.
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Changes in Intra-hibernacula Use by the Endangered Indiana Bat in Response to White-nose
Syndrome
Virgil Brack, Jr.1, Justin G. Boyles2, Dale W. Sparks1, R. Keith Dunlap3 Scott A. Johnson4 and Darwin C.
Brack1
1 Environmental Solutions & Innovations, Inc., Cincinnati, USA; 2 Cooperative Wildlife Research Laboratory,
Department of Zoology, Southern Illinois University, Carbondale, USA; 3 Indiana Karst Conservancy, Indianapolis,
USA; 4 Indiana Department of Natural Resources, Indianapolis, USA

Numerous researchers have identified potential mechanisms by which the fungus
Pseudogymnoascus destructans, causative agent of white-nose syndrome (WNS), has devastated
populations of bats that hibernate in caves (and mines) in North America. The unifying theme is disruption
of hibernation with observations that bats now hibernate in different locations within the hibernaculum,
typically closer to the entrance and at colder temperatures, than before WNS. Unfortunately, locations and
temperatures used over time pre-WNS are often poorly documented and post-WNS documentation is often
anecdotal. This study documents location and temperature (microclimate) use patterns pre- and post-WNS,
and changes in those patterns, by the endangered Indiana Bat (Myotis sodalis) in Priority I hibernacula
(historic populations of 10,000 individuals) in Indiana and Ohio. Data were obtained from winter intrahibernacula surveys from up to 30 years before the advent of WNS and typically for 4 to 6 years following
arrival of WNS. Pre-WNS, bats used a wide variety of temperatures and locations and as numbers of
individuals using a hibernaculum increased so too did diversity of use, indicating there is no single
microclimate that meets the breadth of individual needs for hibernation. Post-WNS, populations of Indiana
bats continue to use a variety of microclimates, even as populations change in numbers and sometimes shift
among hibernacula. At some hibernacula, post-WNS microclimate use matches Pre-WNS use. These data
highlight the danger in managing for a single “best” post-WNS microclimate.
Use of Thermal Videography for Monitoring Colonial Bats
Eric R. Britzke and Austin V. Davis

US Army Engineer Research and Development Center, Environmental Lab, Vicksburg, USA

Knowledge of population trends for threatened, endangered, and at-risk species (TER-S) is
important for efficient conservation efforts. Some species form large colonies that open up the possibility
of improved monitoring efforts. We developed a monitoring system using thermal videography and custombuilt analysis software to automate the monitoring of colonial roost sites. The objective of this project is to
demonstrate and validate use of thermal videography and automated analysis for censusing bats as they
emerge from their roost sites. This system was deployed at 6 different colony sites over 18 nights of data
collection that ranged in population size, roost structure, and background conditions. Thermal cameras were
used to record emergence of animals from their roost sites and recorded imagery was analyzed using a
digital image processing program developed at the US Army Engineer Research and Development Center.
Manual analysis of imagery was compared to results of automated imagery from each site to validate the
output from the automated system. Initial results demonstrate the high correlation between manual and
automated image analysis. This ability of the automated system to monitor populations of colonial animals
will greatly improve monitoring efforts in areas where animals naturally congregate, thereby allowing for
improve data on population trends that will assist in future conservation efforts.
Behavioral Strategies for Olfactory Tracking in Bats
Alyson F. Brokaw1 and Michael Smotherman1,2

1 Ecology and Evolutionary Biology Doctoral Program, Texas A&M University, College Station, USA; 2 Department
of Biology, Texas A&M University, College Station, USA

Tracking odors and locating their source is a complex task. Successful tracking requires a suite of
adaptations in nasal anatomy and sensory physiology, central nervous system processing, locomotion
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patterning, and behavioral strategies. The majority of olfactory navigation research has been conducted in
invertebrates, with few of these results extended to vertebrate species. Olfaction is a key sense for
frugivorous bats, but their behavioral capacities and the mechanisms exploited by bats to detect and follow
an odor plume have not been investigated. We used an olfactory behavioral assay to quantify the olfactory
search patterns of little yellow-shouldered bats (Sturnira parvidens), a Neotropical fruit-eating species.
Crawling individuals were first trained to seek out a food reward (banana) and then placed in a test chamber
where they were presented with a choice between control and odor-infused solutions of decreasing
concentrations to evaluate how olfactory discrimination and tracking behavior change with strength of odor
(as a proxy for distance). Bats successfully navigated to the odor source across a 1000 -fold range of odorant
concentration. Video analyses were used to quantify the time-course, search trajectories, and movement
patterns of the bats localizing odors of different concentrations. The results provide a baseline for building
a model of how bats perceive and track odors in their environment and begin to address how bat odor
tracking compares to other animals. Understanding the olfactory behavioral strategies bats use to locate
resources is important for predicting how environmental conditions influence foraging and decision-making
by bats at the landscape scale.
Flies in a Web: Can Community Network Structure Explain Host Specificity of Ectoparasitic Bat
Flies?
Alexis M. Brown1,2, Kelly Speer3,4, Tiago Teixeira5, Elizabeth Clare5, Susan Perkins1,3 and Nancy
Simmons1,3
1 Department of Mammalogy, American Museum of Natural History, New York, USA; 2 Columbia University, New
York, USA; 3 Richard Gilder Graduate School, American Museum of Natural History, New York, USA;4 Sackler
Institute for Comparative Genomics, American Museum of Natural History, New York, USA; 5 Queen Mary
University; London, GBR

Ecological studies on ectoparasites have the potential to clarify patterns of host specificity,
coevolution, and network community structure. Obligate ectoparasitic bat flies have been considered highly
host specific due to cospeciation with their bat hosts. However, recent studies indicate that cospeciation
may not be as common between bat flies and their hosts. Ecological factors such as bat roost-sharing and
community dynamics may be more important in explaining patterns of bat fly specificity. We collected bat
flies from 493 bats from the Atlantic Forest of Brazil, identified them morphologically, and sequenced the
cytochrome oxidase I gene (COI). Of 769 total flies sequenced, 498 yielded high-quality reads that were
trimmed, aligned, and used to construct a RAxML parasite tree with 1000 bootstraps in the CIPRES online
gateway. To determine incidences of cospeciation across the phylogenies, we paired the topology from this
RAxML parasite tree with a pruned host bat tree to create a host-parasite tanglegram. We then used Jane v.
4 to run a cophylogenetic simulation with 300 iterations and default cospeciation parameters. To evaluate
the factors that influence host-parasite associations (e.g., host bat phylogeny, host bat roosting ecology,
community/environmental factors), we constructed a bipartite network depicting host/parasite associations
and used multiple regression on distance matrices (MRM) to measure the influence of various host and
parasite traits. We found 9 incidences of cospeciation across the cophylogeny, representing 21.4% of all
evolutionary events detected. The MRM and network analyses are still underway and will be completed
prior to the commencement of this meeting.
Long-term Banding of California Leaf-nosed Bats Along the Lower Colorado River to Determine
Movements and Longevity
Patricia Brown1, Philip Leitner2, Albert Beck3 and Bruce Miller4

1 Brown-Berry Biological Consulting, Bishop, USA; 2 Biology Department, St. Mary’s College of California, Moraga,
USA; 3 Eco-Analysts, Chico, USA; 4 Bat Sound Services, Canadian Lakes, USA

California leaf-nosed bats (Macrotus californicus) are residents of the Sonoran Desert in California
and Arizona and are active all year. These populations are interesting in part as the northern margin of the
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largely tropical distribution of a non-hibernating phyllostomid genus. In 1958, a long-term banding study
was initiated to examine demography and movements of these bats in the temperate zone along the Lower
Colorado River (LCR). The bats were captured principally in the winter in warm mines along the LCR in
seven mountain ranges. In 60 years, over 15,000 bats have been banded, and almost 5,000 individuals have
been recaptured between one and eight times, for a total of over 8,500 recapture events. Roost fidelity is
high, with occasional movements between adjacent mountain ranges between years and seasonally. The
longest interval between initial banding and recapture is 16 years, which is an impressive age for a bat of
tropical ancestry. At the time of banding, the degree of tooth wear (1–4) was recorded initially and during
subsequent recaptures to establish a metric to determine the approximate age of unbanded bats in the
population.
Factors Impacting Distribution of Myotis sodalis Maternity Colonies in Illinois
Ashleigh B. Cable1, Jill L. Deppe1, Tara C. Hohoff2, Joy M. O’Keefe3, Mark A. Davis2 and Joseph A. Kath4

1 Department of Biological Sciences, Eastern Illinois University, Charleston, USA; 2 Illinois Natural History Survey,
Champaign, USA; 3 Center for Bat Research, Outreach, and Conservation, Indiana State University, Terre Haute,
USA; 4 Illinois Department of Natural Resources, Springfield, USA

From 2016–2018, the Illinois Bat Conservation Program conducted mist-net and telemetry surveys
to expand knowledge of bat distributions in Illinois. Using this data, as well as existing Myotis sodalis
occurrence data shared by the Illinois Department of Natural Resources and the United States Fish and
Wildlife Service, we are creating presence-only Species Distribution Models with MaxEnt to identify
factors that may affect the distribution of M. sodalis maternity colonies in Illinois. Predictors include:
proximity to hibernacula, distance to landscape features, landscape composition, and landscape
configuration. We conducted surveys during the 2016–2018 maternity season, concentrating effort in areas
with knowledge gaps. We mist-netted for 74 nights at 20 study areas and captured 246 bats of eight
species. We captured 17 M. sodalis and attached radio transmitters to 11 reproductively active female M.
sodalis. We located eight maternity colonies, 21 new maternity roost trees and one roost triangulation. The
average distance from roost tree to nearest hibernacula was 63.6 km ± 6.02 (SE). Few maternity records
were located in parts of central Illinois where forest cover is fragmented and in areas that are farther from
hibernacula. New maternity observations continue to be made where previous records did not exist,
expanding our knowledge of M. sodalis distributions and landscape-scale habitat requirements. Ultimately,
these data and models will aid in improving our understanding of M. sodalis maternity colonies and inform
forestry management practices in Illinois to support habitat for this federally listed species.
Population Genetics of the Frugivorous Bat Sturnira parvidens (Chiroptera: Phyllostomidae)
Martín Y. Cabrera-Garrido1, Giovani Hernández-Canchola1, Dawn Marshall2 and Livia León-Paniagua1

1 Departamento de Biología Evolutiva, Facultad de Ciencias, Universidad Nacional Autónoma de México, Ciudad
de México, MEX; 2 Department of Biology, Memorial University of Newfoundland, St. John’s, CAN

Bats of the genus Sturnira are an excellent study model to analyze patterns and processes of
diversification and endemism in Mesoamerica. Sturnira parvidens is a lowland species that occurs from
Mexico to Talamanca Mountains in Costa Rica. Phylogenetic analyses show that this species represents a
monophyletic group, and phylogeographic evidence defines two lineages within it: one haplogroup on the
Mexican Pacific Slope and another one along the Gulf of Mexico-Central America Slope, with the boundary
between both units in the Balsas River Basin. Here, we analyze recent genetic information to generate a
complete reconstruction of its evolutionary history. We used data from 10 microsatellite loci of 136
individuals from different localities throughout the species’ geographical distribution, obtained from
scientific collections. We recovered and recognize the existence of two lineages within S. parvidens, as was
previously reported using mitochondrial genes. Nevertheless, with nuclear loci we found the boundary
between both groups in the Mexican state of Oaxaca, along the dry region of Tehuacán-Cuicatlán and
Oaxaca Valleys. We suspect there is probably a strong maternal phylopatry and the genes dispersion could
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mainly rely on the males. Unifying the results from molecular markers with different forms of inheritance
and mutation rates can help to identify evolutionary processes that could not be detected or visualized with
any of these markers independently. This approach can help us interpret with greater confidence the
historical and contemporary events that have affected the diversity and genetic structure of the populations.
Diversity of Bats in Four Archaeological Zones: Chichén Itzá, Dzibilchaltún, Ek’Balam, and Uxmal
in Yucatán, Mexico
Daniela A. Cafaggi and Rodrigo A. Medellín
Instituto de Ecología, Universidad Nacional Autónoma de México, Ciudad de México, MEX

The archaeological zones (AZ) of the Yucatan peninsula in Mexico are invaluable for their
historical and cultural importance. However, little is known about the biodiversity they maintain and only
a few studies have focused on the wildlife living in them. We identified and compared the diversity of bats
in four AZ in Yucatan: Chichén Itzá, Dzibilchaltún, Ek’Balam, and Uxmal. We surveyed in wet and dry
seasons, six days and nights per site. With mist nets and active roost search we found 23 species of bats
representing six of the seven families described for the state, of which two are listed as threatened in
Mexico. We recorded 52 roosts, most of which were inside archaeological structures. We found no
differences in species richness among AZs nor between seasons. The species turnover showed that the
communities of the four AZ were similar (1.61 equivalent communities I.C. = 1.49–1.74). We suggest that
the diversity of bats is related with the complexity and structure of the surrounding vegetation and the
presence of cenotes. Our results highlight the role of the AZ for the maintenance of bats and the ecosystem
services they provide as they afford artificial roosts that offer protection against weather and predators.
Furthermore, the richness founded in each AZ was equal or greater than some natural protected areas in the
region. Our results emphasize the need to secure, recognize, and include AZ in conservation plans given
their role as reservoirs of important bat populations and species.
Morphological and Ecological Differentiation in Glossophaga soricina
Adriana Calahorra-Oliart, Lázaro Guevara and Livia León-Paniagua

Museo de Zoología “Alfonso L. Herrera”, Facultad de Ciencias, Universidad Nacional Autónoma de México, Ciudad
de México, MEX

Glossophaga soricina is a broadly distributed tropical bat species, which has been classified in five
subspecies determined by the geographic regions they occupy. Despite the apparent morphological
similarity between subspecies, studies have found high levels of intraspecific molecular variation,
especially between populations separated by The Andes, which could suggest the existence of cryptic
species. However, no taxonomic conclusions have been made regarding this matter. In this study, we used
geometric morphometric methods to explore the patterns of morphological differentiation between
subspecies aiming to detect differences unnoticed by traditional morphometric methods, and we tested
ecological niche similarity to infer the possible mechanisms underlying the differentiation. Significant
differences in skull and jaw shapes were found between all subspecies and between sexes, along with high
levels of ecological niche overlap (D = 0.835) between populations at one side and the other of The Andes.
This might indicate that, despite the generalist character of this species, the ecological barrier imposed by
The Andes uplift created a sub-optimal region that stopped gene flow between this populations with similar
ecological niche requirements, between which allopatric speciation could be occurring. Using
multidisciplinary approaches has proven useful for understanding the evolutionary processes involved in
the diversification of Neotropical biota and its taxonomic implications. We suggest the inclusion of genetic
evidence in this study to test our findings and to shed light on the knowledge of the evolutionary history of
this species.
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Species Limits and Phylogenetic Relationships Within Anoura Gray 1838
Camilo A. Calderón-Acevedo and Nathan C. Muchhala
Department of Biology, University of Missouri-St. Louis, St. Louis, USA

Classical and geometric morphometrics have determined that the Neotropical nectarivorous bat
genus Anoura Gray 1838 has 10 currently species; these taxonomic revisions have not included all closely
related species. The study of their phylogenetic relationships has focused on the position of Anoura within
the Glossophaginae and on the broader understanding of the evolution of Noctilionoidea. But if we want to
understand the species limits within the genus it is necessary to include both morphometric and genetic
approaches. We conducted a clustering analysis using Normal Mixture Models to find gaps in the normal
distributions of 12 cranial and 11 external morphological measurements commonly used in the description
and diagnosis of Anoura species and we quantified the shape of the last upper premolar (P4) using Elliptical
Fourier Descriptors. To complement our analysis, the molecular phylogeny uses Ultra Conserved Elements
and mitochondrial loci. The morphometric analyses using Normal Mixture Models do not support a clear
separation within large or small Anoura species. We find that the morphospace generated by the shape of
the P4 separates A. geoffroyi from A. latidens, with the type specimen of A. carishina nested well within
the morphospace of A. latidens. However, both species shared part of the morphospace. We propose to treat
A. carishina as a junior synonym of A. latidens and provide new localities for this species in South America
and so expanding its range to Northern Bolivia. Finally, we present an updated phylogeny including all
recognized species in the genus.
Development of New Cooperative Relationships in Vampire Bats
Gerald Carter1 and Rachel Page2

1 Department of Ecology, Evolution, and Organismal Biology, The Ohio State University, USA; 2 Smithsonian
Tropical Research Institute, Gamboa, PAN

Some animals form enduring cooperative relationships that greatly bolster their fitness. But how
does such a relationship develop between complete strangers? One important but untested theory is that
individuals develop new cooperative relationships by ‘raising the stakes’ or ‘testing the waters’. They use
gradually increasing low-cost investments, such as allogrooming, to decide on whether to make higher-cost
investments. This behavior has been demonstrated in human strangers playing cooperative games but not
in cooperative behavior within a nonhuman animal. To test this hypothesis, we tracked the formation and
dynamics of cooperative relationships between previously unfamiliar wild-caught vampire bats. Using
controlled introductions and captive fasting trials, we created opportunities for new food-sharing
relationships to either form or not. We generated 38 new food-sharing links between adult past strangers
(16% of possible cases) and 73 new sharing links (9% of possible cases) between wild-caught adults and
the 14 captive-born bats. We sampled the complete history of grooming between past strangers to see what
patterns predicted the success or failure of a new food-sharing relationship. New relationships formed faster
between strangers housed in isolated pairs. Bat A’s propensity to groom bat B predicted the probability that
B later fed A before the first donation occurred. The A-to-B grooming rate increased asymptotically only
up until B fed A. Grooming rates also became more symmetrical over time, but only in new dyads that later
shared food. Taken together, confirmation of these four key predictions suggest that vampire bats do form
food-sharing bonds by ‘raising the stakes’.
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The Energetics of Social Signaling During Roost Location in Spix’s Disc-winged Bats
Gloriana Chaverri1,2, Paula Iturralde-Pólit1, Adarli Romero-Vásquez3, Silvia Cháves-Ramírez4 and Maria
Sagot5

1 Recinto de Golfito, Universidad de Costa Rica, Golfito, CRI; 2 Smithsonian Tropical Research Institute, Balboa,
Ancón, PAN; 3 Escuela de Biología, Universidad de Costa Rica, San Pedro, CRI; 4 Escuela de Biología, Universidad
Nacional, Heredia, CRI; 5 Department of Biological Sciences, State University of New York at Oswego, New York,
USA

Long-term social aggregations are maintained by multiple mechanisms including the use of
acoustic signals, which may nonetheless entail significant energetic costs. To date, however, no studies
have gauged whether there are significant energetic costs to social call production in bats, which heavily
rely on acoustic communication for a diversity of social tasks. We measure energetic expenditure during
acoustic signaling in Spix’s disc-winged bats (Thyroptera tricolor), a species that commonly uses social
calls to locate the ephemeral furled leaves that they use for roosting. To facilitate this task, T. tricolor uses
‘inquiry’ and ‘response’ calls; the former is used to maintain contact with group members during flight,
whereas the latter are used to signal roost location. This exchange of acoustic signals results in group
members rapidly locating and entering the occupied tubular leaf. To determine the cost of sound production
in roosting bats, we measured oxygen consumption using open-flow respirometry methods, with and
without social signaling. The social signaling trial involved the emission of inquiry calls during a 10-min
period during which we recorded the number of response calls produced. The non-social signaling trials
used the same method except no inquiry calls were broadcast. Our results suggest that the emission of
acoustic signals, including response and echolocation calls, increase oxygen consumption, and that even a
few response calls may demand a significant energetic investment; this may explain the presence of
different vocal roles in this species.
Exploring the Indirect Mutualism Between Fruit-eating Bats and Endophytic Fungi
Priscila Chaverri1,2 and Gloriana Chaverri3,4

1 Escuela de Biología, Universidad de Costa Rica, San Pedro San José, CRI; 2 Department of Plant Science and
Landscape Architecture, University of Maryland, College Park, USA; 3 Recinto de Golfito, Universidad de Costa
Rica, Golfito, Puntarenas, CRI; 4 Smithsonian Tropical Research Institute, Balboa, Ancón, PAN

Indirect interactions in ecological networks, i.e. those that occur when the association between two
species is modified by a third one, are ubiquitous and critical for shaping the bonds among species, yet are
still poorly understood. We explored the hypothesis of an indirect mutualistic relationship within a plantanimal seed dispersal network, specifically focusing on the endophytic fungi that grow within the tissues
of fruits that bats eat. Bats are important long-distance dispersers of many tropical plants, yet, by consuming
fruits they may disperse not only the plant's seeds, but also the fungi that are contained in those fruits. We
characterized fungal communities in fruits of the tropical fig tree (Ficus colubrinae) and in feces of the
Honduran white bat (Ectophylla alba) using targeted amplicon metagenomics (or metabarcoding) to
determine if passage through the digestive tract of the bats affected total mycobiome species composition
and abundance. Among the most significant results, we show a reduction of >70% in abundance of fungal
species known to be plant pathogenic after passage through the gut, while abundance of species known to
have antifungal and antibacterial properties significantly increased. These findings suggest that the role of
frugivores in plant-animal mutualistic networks may extend beyond seed dispersal: they also promote the
dispersal of potentially beneficial microbial symbionts while hindering those that can cause plant disease.
This study is a first step towards identifying an interaction that may have consequences for the preservation
of healthy tropical ecosystems and provides additional reasons for the conservation of near-threatened
animal species, such as Ectophylla alba.
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Examining Variation in Impacts of North American Hibernating Bats from the Disease, White-nose
Syndrome
Tina L. Cheng1, Brian Reichert2, A. Marm Kilpatrick3 and Winifred F. Frick1,3

1 Bat Conservation International, Austin, USA; 2 US Geological Survey, Fort Collins, USA; 3 Department of
Ecology & Evolutionary Biology, University of California, Santa Cruz, Santa Cruz, USA

White-nose syndrome (WNS) is a disease in hibernating bats caused by the fungal pathogen,
Pseduogymnoascus destructans (Pd), that first emerged in North America in 2007 and has since spread
throughout the United States and Canada. WNS has caused widespread impacts to bat populations,
threatening several species with local and global extinction. We use data collected from more than 450
winter colonies over time to investigate patterns in WNS impacts. We examine whether population declines
examine can be explained by density-dependence, and biological and environmental covariates related to
the site. Our results demonstrate that impacts from WNS vary widely among populations for even the most
highly impacted species, Myotis lucifugus and Perimyotis subflavus, from no decline in some populations
to extirpation at other sites. We do not find strong evidence for any explanatory covariates correlated to
variability in WNS impacts. However, our results suggest that WNS impacts can be severe across a diversity
of hibernacula in North America. We recommend continued population surveillance efforts to further
understand variability in WNS impacts, particularly as WNS continues to spread through western, northern,
and southern North America.
Testing Predictions of Optimal Migration Theory in a System of Migratory Bats
Jeff Clerc and Liam P. McGuire

Department of Biological Sciences, Texas Tech University, Lubbock, USA

Optimal migration theory has been used for over 25 years as a theoretical framework to evaluate
tradeoffs in migratory strategies. The strategies most frequently considered by migration theory are time
minimizing, whereby migration is completed as quickly as possible, and energy minimizing, whereby
migration is completed as energetically efficiently as possible. Despite an extensive amount of literature
dedicated to generating analytical predictions about differences in migratory strategies, identifying
appropriate study systems to empirically test predictions is difficult. Due to the qualitative nature of
migration theory predictions that compare migratory strategies, empirical tests require that both timeminimizers and energy-minimizers are present in the same population. We investigated a system of spring
migratory silver-haired bats and hoary bats where males and females exhibit different migratory strategies
depending on their life history traits. We tested migration theory predictions related to fuel loads and show
that, as predicted, time-minimizers have an increased fuel load relative to energy-minimizers. We then use
two methodologically novel approaches to investigate if increased fuel loads were achieved by a decrease
in energy expenditure, an increase in digestive efficiency, or an increase in foraging effort. We find that
time-minimizers have increased fuel load relative to energy-minimizers in accordance to migration theory
predictions, but likely achieve increased fuel loads via carry-over effects. This research is the first to
validate a migration theory prediction in a system of both time and energy minimizers and uses novel
methodological approaches to uncover underlying mechanisms of migratory stopover use.
Tropical Bats as Potential Reservoirs of Lyme Disease in Mexico
Pablo Colunga-Salas, Sokani Sánchez-Montes and Ingeborg Becker

Centro de Medicina Tropical-Unidad de Medicina Experimental, Facultad de Medicina, Universidad Nacional
Autónoma de México, Ciudad de México, MEX

Borrelia burgdorferi sensu lato (s.l.) complex is a group of spirochaetal bacteria that comprises the
etiological agents of Lyme disease [LD]. The enzootic life cycle of these pathogens are complex networks
that group several hard tick species, primarily from Ixodes genus. These genus species feed on a broad
spectrum of competent wild vertebrate hosts including bats. In Mexico, scattered information about LD
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agents is available, however, studies are centered in north and southern Mexico. The aim of this study was
to identify the presence and prevalence of Borrelia in several neotropical bat species from Veracruz,
Mexico. For this, 43 individual bats were collected in the region of “Los Tuxtlas” in Veracruz. Necropsy
was performed and a portion of spleen was fixed in 90% ethanol. DNA extraction was performed using
Cheelex-100 resin, and amplification of flagelin gene was used to calculate Borrelia prevalence. A total of
six individuals were positive to Borrelia DNA which represent a 13.9% prevalence. This is the first study
in evaluating the potential role of Mexican populations of neotropical bats as reservoirs of B. burgdorferi
sensu lato. The findings of this study suggest the possibility of an enzootic focus of B. burgdorferi sensu
lato in this tropical region, also, ecotourism activities are practiced in this area, raising the risk of contact
of human populations and tick populations. These results highlight the need to establish acarological
surveillance to detect possible vectors.
Molecular Determinants of Bone Health Across the Lifespan of Long-lived Big Brown Bats
Lisa N. Cooper, Hope C. Ball, Fayez F. Safadi and Christopher J. Vinyard
Department of Anatomy and Neurobiology, Northeast Ohio Medical University, Rootstown, USA

With age, most mammals experience declines in signaling within the TGF-β1 pathway, leading to
bone degeneration. Big brown bats (Eptesicus fuscus) live up to 20 years, which is over 3 times longer than
similar sized terrestrial taxa. To test whether big brown bats undergo age-related declines in signaling
within the TGF-β1 pathway, we utilized a known-aged colony and compared data to age-matched C57BL/6
mice. We undertook comparative RT-qPCR assays of the humerus, radius, and metacarpals of mice and
bats throughout the lifespan, as well as culture assays of osteoprogenitor cells harvested from the same
bones. An RNASeq assay was also performed on the radii of young and elderly bats and mice. Whole bone
in vivo assays showed elderly bats displayed uniquely elevated levels of P38 and collagen (COL1A1) and
sustained levels of TGF-β1. Mice showed diminished expression of both genes with age in whole bones,
and fewer fibers in culture. Similarly, our RNASeq analyses showed elderly bats, not elderly mice, display
greater transcripts of FBN-1 and MFAP5, which act to enhance extracellular microfibril function in
regulating the bioavailability of TGF-β1 and overall bone homeostasis. Data suggest that in vivo and in
vitro bone cells fail to undergo age-related declines in TGF-β1 signaling that are hallmarks of skeletal aging
in mice.
Bat Acoustic Activity During Fall at Wind Turbines in South Texas
Danielle A. Cordani, Sara P. Weaver and Ivan Castro-Arellano
Biology Department, Texas State University, San Marcos, USA

Tadarida brasiliensis, primarily a cave and structure roosting species, is documented to incur high
fatalities at wind turbines within their range. Despite their high abundance in Texas, the largest producer of
wind energy in the US, there is little knowledge on their activity patterns and behavior at wind turbines.
Such knowledge is important for designing species-specific impact reduction strategies. The objective of
our study was to identify patterns in T. brasliensis behavior and activity at wind turbines to identify high
risk behaviors and periods for informing impact reduction strategies. From 7 August to 28 October 2017,
we monitored bat activity at three wind turbines at a wind energy facility in Starr County, Texas. At each
turbine we deployed an acoustic detector on the nacelle and conducted weekly fatality searches within
established search plots. Here we present preliminary acoustic detector and fatality results. We recorded
65,423 total bat passes, with the highest activity occurring on 4 September (4,030 total bat passes). Of the
total recorded bat passes, 99% were classified as low frequency and possible T. brasliensis. We also
documented differences in activity among turbines. Nightly bat activity was unimodal, primarily occurring
from 10pm to 3am. In addition, bat acoustic activity reflected patterns of fatality at the site. Although
preliminary, these results provide information on bat behavior at wind turbines in a region with little
publicly available data.
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Phylogeography of Artibeus fraterculus (Chiroptera: Phyllostomidae) in South America
Natalia Cortés-Delgado1,2 and Bruce D. Patterson2

1 Department of Biological Sciences, University of Illinois at Chicago, Chicago, USA; 2 Field Museum of Natural
History, Chicago, USA

Artibeus fraterculus is endemic to Ecuador and Peru. Most of its distribution is restricted to the
West side of the Andes especifically throughout the Tumbesian ecoregion. Its habitat is mainly xeric forest
and scrub and distributed from 0 to 1600 along the elevational gradient. Very little is known on the
population genetics structure of Artibeus fraterculus and the effect of the Andes on its distribution and as a
potential barrier for its populations. Using UCEs (Ultra Conserved Elements) patterns of genetic divergence
among populations of A. fraterculus from different locations along Ecuador and Peru were analyzed. A
total of 1406 UCE loci were obtained in which all the individuals analyzed were represented. All of the
UCEs were concatenated and a phylogenetic analysis from this data set was carried out using RaxML. In
addition, to investigate population structure, the program Structure 2.3.4 was used. A phylogenetic tree was
recovered, that showed two distinct clades, corresponding to the location of the populations at each side of
the Andes. This result is part of an ongoing research and is showing that apparently there is an effect of The
Andes as a barrier to gene flow for this two populations of A. fraterculus.
Seed Preference and Dispersal by Bats in the Botanical Garden Xoyoquila in Puebla, Mexico.
Estefania Cortés Pardo1, María Magdalena Ramírez Martínez1, Luis Guzmán Hernandéz1, Ma. Concepción
López Telléz2 and Martha Pilar Ibarra López1
1 Centro Universitario de la Costa Sur, Universidad de Guadalajara, Autlán, MEX; 2 Facultad de Biología,
Benemérita Universidad Autónoma de Puebla, Puebla, MEX

Bats play an important role in seed dispersal, this is the result of the strategies that plants use for
regeneration, which depends on the ability of the plant to disperse their propagules and colonize the area.
The objective of this work is to evaluate the diversity of the species propagated by bats in the Botanical
Garden Xoyoquila with which we may be able to determine the importance of bats in seed dispersal in this
garden. We captured 78 bats of nine species during March 2015 to March 2016 in the Botanical garden
from Xoyoquitla, Puebla, Mexico. One hundred seed samples were collected from bats, 25 plants species
were registered. The plant species that were dispersed by a greater number of bats (5) were Piper aduncum,
P. hispidum and Saurauia scabrida. While bat species that disperse a great number of plants were Sturnia
parvidens (16), Glossophaga soricina (11) and Artibeus jamaicensis (7). Of the total seed samples 21%
belong to P. hispidum, 14% belong to P. aduncum and 13% to Saurauia scabrida. In all the species that
were part of the sample, with the exception of Platyrrhinus helleri and Pteronotus parnellii, they tend to
have at least one of the species of Piper spp. In bats’ diet, this species represents 49.49% of the total of
samples, cataloging it as a species of great importance in the diet of the bats of the botanical garden
Xoyoquila, besides representing an ecological importance for the dispersion of seeds and used in
reforestations programs.
Variation in Summer Habitat Use in Three Sympatric Species of Forest Bats in the Central
Appalachians
James H. Cox III and Joy M. O’Keefe

Center for Bat Research, Outreach, and Conservation, Indiana State University, Terre Haute, USA

Morphological differences among sympatric forest bat species should predict ecological
differences. Smaller bats are able to navigate cluttered forests, but likely stay near water and roost sites,
while larger species require less-cluttered areas but may be able to fly farther. We contrasted the foraging
and roosting ecology of three morphologically-different forest bat species: Myotis leibii (MYLE),
Perimyotis subflavus (PESU), and Eptesicus fuscus (EPFU) in Cumberland Gap National Historical Park
in the Central Appalachian Mountains. We combined acoustic detections from 45 trail sites and mistnet
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captures from 15 trail, stream, and cave sites (surveyed 15 May–7 August 2018) to generate unique presence
points by species (30 EPFU/23 MYLE/9 PESU). We used MaxEnt to create distribution models by species.
We tracked 2 EPFU, 5 MYLE, and 4 PESU to roosts (n=6, 5, and 14, respectively) and foraging points
(n=140, 158, and 165, respectively), which included live trees, buildings, and rocky slopes. Foraging home
ranges were largest for EPFU (4.51 km2), followed by PESU (2.55 km2) and MYLE (1.84 km2). Roost
mean distance-to-stream was shortest for PESU (375 m), followed by MYLE (531 m) and EPFU (770 m).
EPFU used live-damaged trees during the day and foraged on both ridges and in lowlands at night. PESU
live tree roosts and foraging areas were closely associated with streams. MYLE foraging ranges were
closely associated with their roosts in historic cabins and shale rock. These sympatric but morphologicallydistinct bat species varied in habitat associations and space use in this montane landscape.
Blastocystis Search in a Bat Community from Mexico City
Natalia Cuéllar-Torres1, Fernando Martínez-Hernández2, Guiehdani Villalobos3, *Emilio Rendón-Franco4,
Nora Rojas-Serranía4, Osvaldo López-Díaz4, Rafael Ávila-Flores5 and Claudia I. Muñoz-García4,6
1 Maestría en Ecología Aplicada, Universidad Autónoma Metropolitana-Unidad Xochimilco, Ciudad de México,
MEX; 2 Departamento de Ecología de Agentes Patógenos, Hospital General “Dr. Manuel Gea González”, Ciudad
de México, MEX; 3 Departamento de Ecología Evolutiva, Instituto de Ecología, Universidad Nacional Autónoma de
México, Ciudad de México, MEX; 4 Departamento de Producción Agrícola y Animal, Universidad Autónoma
Metropolitana-Unidad Xochimilco, Ciudad de México, MEX; 5 Universidad Juárez Autónoma de Tabasco,
Villahermosa, MEX; 6 Facultad de Veterinaria, Universidad de Murcia, Murcia, ESP

Blastocystis is a common intestinal protozoan associated with human irritable bowel syndrome, it
is worldwide distributed and water-borne transmitted. And in order to know its roll as zoonotic pathogen,
this parasite has been searched and identified in feces from several mammals as non-human primates,
artiodactyls, perissodactyls, proboscideans, rodents and marsupials, however, has not been looked in order
Chiroptera. The aim of the present was to search Blastocystis in scats of three bat species from Mexico City
that live in close proximity to humans and polluted water sources. For a whole year 366 bats were captured
(267 Tadarida brasiliensis, 86 Myotis velifer and 13 Nyctinomops macrotis), from them 213 feces (162 T.
brasiliensis, 49 M. velifer and 2 N. macrotis) were obtained and evaluated by PCR using 3 different
molecular markers (Barcoding, santin 18S and ITS). In this study, there was no evidence of Blastocystis in
the assessed urban bat community. Since, diagnostic method employed is highly sensitive, it is likely that
this bat species are not suitable hosts for the parasite. But it is also feasible that other factors associated to
its behavior, a probable natural resistance, or features related to their environment, may help prevent
infection. Because Blastocystis is a highly common parasite and the majority of studies realized found it in
all groups of mammals evaluated, chiropteran case needs to be further studied.
Using Genetics to Explain Acoustic Divergence in the Pteronotus parnellii Species Complex
Liliana M. Dávalos1, Winston C. Lancaster2, Miguel S. Núñez-Novas3, Yolanda M. León4, Bonnie Lei5,
Jon Flanders6 and Amy L. Russell7

1 Department of Ecology and Evolution and Consortium for Inter-Disciplinary Environmental Research, Stony Brook
University, Stony Brook, USA; 2 Department of Biology, University of Alabama at Birmingham, Birmingham, USA;
3 Museo Nacional de Historia Natural Profesor Eugenio De Jesús Marcano, Santo Domingo, DOM; 4 Grupo
Jaragua, Santo Domingo, DOM; 5 Microsoft, Redmond, USA; 6 Bat Conservation International, Austin, USA; 7
Department of Biology, Grand Valley State University, Allendale, USA

Acoustic traits are critical in echolocating mammals for foraging and communication, and for this
reason their variation is generally thought to reflect adaptation. However, the seldom-tested null hypothesis
to explain trait divergence is genetic drift. To discover the evolutionary processes responsible for trait
divergence, we examined the echolocation frequency and populations genetics of Pteronotus pusillus and
P. portoricensis, two recently split populations in the Pteronotus parnellii species complex. By deriving
FST values from multi-locus coalescent isolation-with-migration models, and coupling them with estimates
of quantitative trait divergence, or PST, we tested for drift in these island populations. Compared to
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traditional comparisons of PST to FST, the migration-based estimates of FST are unidirectional instead of
bidirectional, simultaneously integrate variation among loci and individuals, and posterior densities of PST
and FST can be compared directly. We found the evolution of higher call frequencies is inconsistent with
genetic drift for the Hispaniolan population, despite many generations of isolation from its Puerto Rican
counterpart. While the Hispaniolan population displays sexual dimorphism in call frequencies, the higher
frequency in females is incompatible with sexual selection. Instead, cultural drift toward higher frequencies
among Hispaniolan females might explain the divergence. By integrating Bayesian coalescent and trait
analyses, this study demonstrates a powerful approach to testing genetic drift as the default evolutionary
mechanism of trait differentiation between populations.
Prescribed Fire Effects on Habitat Use of Tri-colored and Northern Long-eared Bats in the
Cumberland Plateau
C. Sheldon Davis1 and Susan C. Loeb2

1 Department of Forestry and Environmental Conservation, Clemson University, Clemson, USA; 2 USDA Forest
Service, Southern Research Station, Clemson University, Clemson, USA

Forests of the Cumberland Plateau and Appalachian Mountains of Tennessee and Kentucky are
frequently managed with prescribed fire. Several declining bat species such as the federally protected
Indiana bat (Myotis sodalis) and northern long-eared bat (Myotis septentrionalis), as well as the little brown
bat (Myotis lucifugus) and tri-colored bat (Perimyotis subflavus) use habitat within these forests. While
many studies suggest that prescribed fire improves bat foraging habitat, more information is needed
regarding effects of time since last burn and fire severity on the summer ecology of these bats. Our objective
was to determine how summer occupancy of tri-colored bats and northern long-eared bats in Big South
Fork National River and Recreation Area is affected by time since last burn and fire severity. From May–
August 2018 we collected acoustic data using Anabat SD2 detectors in 36 prescribed fire sites for 3 nights
each with varying combinations of time since last burn (0–2, 3–4, 5–7, and >8 years), and burn severity
(high, medium or low). Northern long-eared bats were only recorded at 4 sites: one in each time since last
burn category and in 3 low severity burn sites. Tri-colored bats occupied 50% of sites burned 0–2 years
prior, 25% of sites burned 3–4 years and 5–7 years prior, and 16% of sites burned >8 years ago. Tri-colored
bats used low, medium and high severity burn sites in similar proportions. Preliminary results indicate that
prescribed burns conducted at frequent intervals may provide good foraging habitat for tri-colored bats in
this area.
Investigation of the Phylogeographic Structure of the Subspecies of Northern Yellow Bats by
Molecular Analysis
Sydney K. Decker and Loren K. Ammerman
Department of Biology, Angelo State University, San Angelo, USA

Northern yellow bats, Dasypterus intermedius, occur in North and Central America. Two
subspecies are currently recognized based on morphological differences such as size and relative pelage
color intensity: D. intermedius intermedius, found from Honduras to south Texas, and D. intermedius
floridanus, which ranges from southern Texas eastward to Florida and South Carolina. In this
phylogeographic study, we amplified and sequenced an 836 base-pair region of the cytochrome b gene from
33 individuals. Samples were chosen from across the known geographic range, with particular attention
paid to samples from south Texas, where the two subspecies’ ranges were thought to meet in order to test
the hypothesis that molecular data will correspond geographically with the morphologically defined
subspecies. Sequences from the Southern yellow bat, D. ega, and the Cuban yellow bat, D. insularis, were
included in the analysis. A maximum likelihood phylogenetic analysis and a median joining haplotype
network analysis recovered two well-supported lineages of D. intermedius that roughly correspond to the
geographic distribution of the subspecies, but with a large region of overlap in southern Texas. A distance
value of 0.119 between the two lineages of D. intermedius, as well as the relationship to the endemic Cuban
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species, D. insularis, suggest that the taxonomy be re-evaluated according to the genetic species concept to
reflect the level of divergence found. Our results from the mitochondrial markers are consistent with
recognition of these lineages as full species instead of subspecies. Molecular data from the nuclear genome
are needed to corroborate our findings.
Bat Diversity in an Abandoned Mine in the State of Sonora
Luis Alfonso de la Fuente González1, Francisco Molina-Freaner2, Cristina Peñalba1, Omar Calva-Pérez1
and Saúl Amador3

1 University of Sonora, Hermosillo, MEX; 2 Estación Regional del Noroeste, Hermosillo, MEX; 3 Naturalia A.C,
Hermosillo, MEX

Information related to subterranean environments in Sonora, as well as the fauna that lives in them,
is very limited. Particularly, studies related to the use of abandoned mines as a roost are scarce. Because of
the lack of information about mines as roosts, this work describes the use of an abandoned mine for
migrating bats and other species, in La Colorada, Sonora. In order to accomplish the objective, we visited
Mina ‘El Rubí’ during six months (July–December 2017) and placed three sensors along it to analyze
temperature fluctuations. Another sensor was placed outside the mine to compare the outdoor temperature
with the inside temperature. Species were captured and identified by different methods such as camera trap,
bait traps and direct collection. Topographic measures were also taken to create two maps of the mine. Mina
‘El Rubí’ has a horizontal extension of 16.9 m and no vertical extension was found. The climate of the mine
through the six months had a mean temperature of 26.57°C while the outdoor mean was 27.13°C.
Temperature range on a single day in the outside reached 25°C, while the range between temperatures
inside the mine was barely 3°C. Recorded fauna represented 15 orders, 26 families, 30 genera and 30
species, identifying two Phyllostomidae bats (Choernoycteris mexicana/ Macrotus californicus) and one
Vespertilionidae bat (Myotis velifer). The mine is used as a temporary and permanent refuge for species
that seek protection and for those that migrate to USA looking for food.
Geographic Variation in Echolocation Calls of Balantiopteryx plicata in Mexico
Melina Del Real-Monroy1, Luis A. Arteaga-Torres1, Rogelio Rosas-Valdez2, Jorge Ortega3, Veronica
Zamora-Gutierrez4, María Cristina Mac Swiney5, Celia López-González6, Cynthia Elizalde-Arellano7,
Luis Ignacio Íñiguez-Dávalos8, Juan C. López-Vidal7, Rodrigo García-Morales9, Rafael Ávila-Flores10,
Martha Pilar Ibarra-López8 and Romeo A. Saldaña-Vázquez11

1 Laboratorio de Genómica Evolutiva, Universidad Autónoma de Zacatecas, Zacatecas, MEX; 2 Laboratorio de
Sistemática Molecular, Universidad Autónoma de Zacatecas, Zacatecas, MEX; 3 Laboratorio de Bioconservación y
Manejo, Departamento de Zoología, Instituto Politécnico Nacional, Ciudad de México, MEX; 4 Consejo Nacional de
Ciencia y Tecnología, Centro Interdisciplinario de Investigación para el Desarrollo Integral Regional-Unidad
Durango, Instituto Politécnico Nacional, Durango, MEX; 5 Centro de Investigaciones Tropicales, Universidad
Veracruzana, Xalapa, MEX; 6 Instituto Politécnico Nacional, Centro Interdisciplinario de Investigación para el
Desarrollo Integral Regional-Unidad Durango, Durango, MEX; 7 Laboratorio de Cordados Terrestres,
Departamento de Zoología, Escuela Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, Ciudad de
México, MEX; 8 Departamento de Ecología y Recursos Naturales-IMECBIO, Universidad de Guadalajara,
Guadalajara, MEX; 9 Centro del Cambio Global y la Sustentabilidad A.C., Villahermosa, MEX; 10 División
Académica de Ciencias Biológicas, Universidad Juárez Autónoma de Tabasco, Villahermosa, MEX; 11 Facultad de
Ciencias Biológicas, Benemérita Universidad Autónoma de Puebla, Puebla, MEX

The acoustic signals emitted by animals generally vary with geography. Geographic comparisons
are valuable in determining the factors that influence divergence of acoustic signals. Insectivorous bats
depend mainly on echolocation pulses to locate prey, navigate, and communicate. The identification of
search phase echolocation calls of bats is useful in the field identification of different species. However,
identification is hampered by intraspecific variation in calls, the extent of which is poorly documented for
most species. The calls of some species are known to vary by sex/age, habitat, and geographic region. We
studied the variation in search-phase of echolocation calls in the sac winged bat (Balantiopteryx plicata) by
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analyzing the most common call characteristics such as frequency, duration pulse, bandwidth and number
of harmonics elements. We analyzed individuals from six different localities of central species distribution
in Mexico, from 49 individuals (28 males and 21 females), sites varied in terms of vegetation and elevation.
Results showed tree harmonics with the most energy concentrated in the second one, except in one location
which also was the lowest elevation (30 meters above sea level). Using a Kruskal-Wallis test and a principal
component analysis, substantial variation among localities was found, this variation was associated with
geographical distance between sites. Our results provide evidence that geographic variation in echolocation
calls may evolve as a consequence of local adaptation to climate and elevation conditions. Several of
ecological factors (such as vegetation, climate, and topography factors) affected the structure of
echolocation calls of this bat species.
Are Eptesicus fuscus resistant to, or tolerant of, Pseudogymnoascus destructans?
Nicole A.S.-Y. Dorville, Emma L. Kunkel, Ana M. Breit, Kaleigh J.O. Norquay, Yvonne A. Dzal, Quinn
E. Fletcher and Craig K.R. Willis
Department of Biology and Centre for Forest and Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN

White-nose syndrome (WNS), caused by Pseudogymnoascus destructans (Pd), continues to drive
rapid declines of North American bats. Two of nine WNS-impacted species (i.e., Myotis lucifugus and
Eptesicus fuscus) both hibernate in conditions favoring Pd growth. However, little brown bats have faced
significantly steeper declines. Two competing hypotheses could explain this difference in impacts. Big
brown bats could be: (i) resistant to Pd (i.e., maintain low pathogen loads) or (ii) tolerant of P. destructans
(i.e., exhibit limited disease and morbidity despite high pathogen loads). The resistance hypothesis predicts
that big brown bats should maintain lower fungal loads than little brown bats when hibernating in identical
conditions that favour growth of Pd, while the tolerance hypothesis predicts that big brown bats will exhibit
high fungal loads without evidence of disease. We tested these hypotheses using a replicated inoculationchallenge experiment. We housed Pd-inoculated and sham-inoculated groups of both species in separate
cages within two identical incubators both maintaining 8°C and 98% relative humidity. Consistent with the
tolerance, but not the resistance hypothesis, inoculated big brown bats in both incubators had significantly
higher prevalence and intensity of infection based on qPCR after 60 days. Although big brown bats appear
tolerant of high Pd loads, management actions that reduce loads for this species could be important for
conservation by reducing potential inter-species transmission within and between hibernacula.
Investigations of New Aroma Technologies for the Early Detection and Control of White-nose
Syndrome
Anna C. Doty1, Thomas S. Risch1 and A. Dan Wilson2

1 Department of Biological Sciences, Arkansas State University, Jonesboro, USA; 2 Pathology Department, Southern
Hardwoods Laboratory, USDA Forest Service, Southern Research Station, Stoneville, USA

White-nose syndrome (WNS) disease-suppression strategies are much more effective when the
disease can be detected early, long before symptoms and signs development. Early detection of WNS allows
for controls to be applied much earlier before the disease becomes well-established in cave hibernacula.
Electronic-nose (e-nose) devices, instruments that utilize sensor arrays capable of detecting volatile organic
compounds (VOCs) in air samples by aroma signature patterns, are now commonly used for disease
detection in the biomedical field. E-nose instruments detect the unique aroma mixtures of VOCs produced
by different pathogens and associated diseases, allowing their detection and identification. Our objective is
to expand the use of e-noses to monitor wildlife diseases, initially for early detection of WNS to facilitate
earlier applications of disease-control measures. To establish a reliable aroma library, initial research is
needed to determine if bat species have distinct aroma signatures. We first collected and analyzed air
samples from healthy (uninfected) individuals of eight bat species, caught during summer, to establish
species-specific aroma signature patterns in defined databases for both portable and Heracles II e-noses.
Results from discriminant factor analyses suggest that all eight bat species have a distinguishable and
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unique aroma profile. Successful outcome of this research will provide a new monitoring tool useful for
identifying species that are difficult to differentiate visually and for determining the effective location,
timing and implementation of WNS disease-suppression activities.
The Effect of Prescribed Burns on Bat Activity and Species Composition in Upland and Riparian
Habitats
Sabrina A. Doyle1, Bryan D. Arnold1 and Ray K. Geroff2
1 Department of Biology, Illinois College, Jacksonville, USA; 2 Illinois Department of Natural Resources,
Springfield, USA

A prescribed burn is planned fire used as a forest management method to reduce the risk of
wildfires and to promote ecological diversity by enhancing habitat for native species. However, while this
method benefits forests in many ways, it also may lead to unintended consequences on wildlife, including
bats. Given the decline of forest dwelling bat populations due to white-nose syndrome, the impact of wind
farms, and habitat degradation, the effects of prescribed fire on these species deserves more study. In this
multi-year study conducted in Siloam Springs State Park, Illinois, we examined bat activity acoustically
using Pettersson D500 recorders placed in forested upland and riparian habitats in areas that were burned
in the calendar year of data collection or burned the previous year, and areas that have never been burned.
After two weeks, recordings were collected and analyzed, and the recorders were moved to new sites in
each burn category, with a total of 17 sites monitored over the course of two field seasons. Our results
indicate that bat activity was highest in sites that were burned in the year of recording and overall activity
was highest in the areas that were burned as opposed to the areas that were unburned. This suggests that
prescribed burning may have a positive influence on bat activity with potential benefits including opened
flight corridors, increased prey density, and additional tree roosting habitat. Future directions will include
classifying echolocation recordings to determine if species composition is affected by prescribed burning.
Setting the Bat High: Metabolic and Ventilatory Strategies of Bats Living at Extreme Altitudes
Yvonne A. Dzal1, Cheng-Han Chou2, Jian-Nan Liu3, John W. Hermanson4, Stuart Parsons5 and William K.
Milsom6

1 Department of Biology and Centre for Forest Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN;
2 Taiwan Endemic Species Research Institute, Nantou County, TWN; 3 Department of Forestry and Natural
Resources, National Chiayi University, Chiayi City, TWN; 4 Department of Biomedical Sciences, Cornell University,
Ithaca, USA; 5 Department of Zoology, University of British Columbia, Vancouver, CAN

Bats are not typically known to inhabit or fly at high-altitude; however, some species are native to
extreme altitudes, where O2 availability is 60% less than that at sea level. Bats native to these severely O2
limited environments not only sustain their resting metabolic rate, but also accommodate the increase in O2
uptake necessary to fuel flight at altitude. Unfortunately, how bats sustain high metabolic rates necessary
for life at altitude is essentially unknown. We hypothesized that low- and high-altitude bats employ
divergent strategies to match O2 supply and O2 demand in low O2 environments. To test this hypothesis, we
exposed Schreiber's bent-winged bats (Minipoterus schreibersii) from low- and high-altitude sites in
Taiwan (50 and 3000 m, respectively) to a progressive reduction in inspired O2 (21 to 5% O2) and measured
their metabolic and ventilatory responses. We found that a reduction in O2 led to a profound depression in
O2 demand in low- and high-altitude bats alike, driven by a 70% reduction in metabolism. Low-altitude
bats met these reduced demands with a 50% reduction in ventilation. High-altitude bats, however,
maintained ventilation, relying on their enhanced ability to uptake O2 at their lung instead and remarkably
extracting up to 70% of the O2 in the inspired air (compared to only 25% in low-altitude bats). Collectively,
our findings reveal the divergent strategies bats use to cope with low environmental O2, and ultimately
enhance our understanding of adaptations that may permit animals to live and fly at altitude.
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Disruption of Cutaneous Respiration Plays a Role in WNS Pathophysiology
Yvonne A. Dzal1, Nicole A. S.-Y. Dorville1, Emma L. Kunkel1, Ana M. Breit1, Kaleigh J.O. Norquay1,
Quinn E. Fletcher1, Andrew Habrich1, Trevor Moore1, Anuraag Shrivastav1, Trent K. Bollinger2 and *Craig
K.R. Willis1
1 Department of Biology and Centre for Forest Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN;
2 Department of Veterinary Pathology, University of Saskatchewan, Saskatoon, CAN

We have a basic understanding of the effects of Pseudogymnoascus destructans (Pd), and whitenose syndrome, on bats but a fundamental question about WNS pathophysiology remain: Why does a
simple skin infection lead to dramatic changes in hibernation behaviour and energetics? We hypothesized
that disruption of gas exchange across a bat’s wings (cutaneous respiration) plays a role in WNS
pathophysiology. Using sophisticated respirometry techniques we separated cutaneous from pulmonary
respiration and water loss of bats to address four predictions: 1) WNS-susceptible bats (Myotis lucifugus)
rely on cutaneous respiration more than WNS-tolerant/resistant bats (Eptesicus fuscus); 2) Cutaneous
respiration decreases with increasing WNS severity; 3) Reduced cutaneous respiration increases pulmonary
respiration; and 4) Increased pulmonary respiration increases energetic costs and water loss. We found that
M. lucifugus relies on cutaneous respiration more than E. fuscus (P <0.05), with cutaneous respiration
contributing more than 15% of total respiration in M. lucifugus. We did not find an effect of Pd-infection
on cutaneous respiration in torpid or normothermic E. fuscus, or torpid M. lucifugus. However, at
normothermic body temperature, Pd-infected M. lucifugus reduced cutaneous respiration by 85% compared
to control bats, and cutaneous respiration declined with increasing WNS severity (R2 = 0.86). Consequently,
disruption of cutaneous respiration is associated with enormous increases in pulmonary respiration (R2 =
0.97), energetic costs (R2 = 0.98), and water loss (R2 = 0.80). Taken together, our findings highlight the
extraordinary physiology of bat wings and suggest that efforts to treat WNS should consider implications
of topical anti-Pd agents for wing physiology and cutaneous respiration.
Population Biology of Diphylla ecaudata in Guanajuato, Mexico
Cynthia Elizalde-Arellano1, Oscar López-López1, Juan Carlos López-Vidal1 and Raúl Hernández-Arciga2

1 Laboratorio de Cordados Terrestres, Departamento de Zoología, Escuela Nacional de Ciencias Biológicas, Instituto
Politécnico Nacional, Ciudad de México, MEX; 2 Dirección de Recursos Naturales, Instituto de Ecología del Estado
de Guanajuato, Guanajuato, MEX

Diphylla ecaudata is a very rare vampire bat species whose largest populations recorded have 70
individuals. They inhabit tropical environments from Tamaulipas, Mexico through Central America to
Brazil and the structure of their populations has been scarcely investigated. Therefore, we expect that a
population of Diphylla ecaudata in Sierra Gorda Biosphere Reserve, Guanajuato, Mexico should have
similar sex and age classes proportions, and the number of organisms should be around 70, as it is the
common situation previously known. We trapped hairy-legged vampire bats at the entrance of the tunnel
El Mezquite, in Majada town, with a mist-net of 6 m long set at the entrance of the tunnel, from April 2013,
March to August 2014 and May to December 2015. We got standard body measures and marked
individually each specimen with a collar with color code beads. We identified their sex reviewing their
genitals and assigned juvenile or adult age class by reviewing their phalanges ossification. A total of 36
vampires were captured, 32 were re-captured. Sex ratio was: 19 females (52.8%) and 17 males (47.2%; X2
= 0.11, 1 d.f., P >0.05); age structure: 11 juveniles (30.6%) and 25 adults (69.4%; X2 = 6.41; 1 d.f., P
<0.05). The population mean size was 74 individuals (min. 26–max 186). Population sex structure is 1:1,
there are more adults than juveniles and this is one of the largest populations of D. ecaudata recorded in
Mexico. These are among the first detailed population structure results of D. ecaudata in Mexico.

24

48

t h

Annual Symposium on Bat Research

Molecular Methods for Detection of RNA Virus in Desmodus rotundus in Different Populations of
Mexico
Aldo G. Espinoza Gómez1,2,3, Luis A. Alonso-Palomares2, Ma. Isabel Salazar-Sánchez2, Cynthia ElizaldeArellano3, Juan Carlos López-Vidal3 and Jorge Ortega1

1 Laboratorio de Bioconservación y Manejo, Departamento de Zoología, Escuela Nacional de Ciencias Biológicas,
Instituto Politécnico Nacional, Ciudad de México, MEX; 2 Laboratorio de Inmuno-Virología, Departamento de
Microbiología, Escuela Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, Ciudad de México, MEX; 3
Laboratorio de Cordados Terrestres, Departamento de Zoología, Escuela Nacional de Ciencias Biológicas, Instituto
Politécnico Nacional, Ciudad de México, MEX

Desmodus rotundus is a species of sanitary concern and economic importance by its incidence in
cattle, this bat could carrier a great diversity of viral entities that cause significance problems in several
sectors of cattle raising. The purpose of this study is to detect the presence of viral genomes of economic
and sanitary importance (Chikungunya, Zika and Dengue viruses) by using molecular methods in
Desmodus rotundus from different parts of Mexico. We caught a total of 45 individuals, both males and
females, adults and juveniles, these were measured and sexed under standard parameters. We collected the
brain of each individual and stored in RNA later. Viral RNA extraction was carried out using the trizol
method, followed by endpoint RT-PCR that allowed the amplification of the viral products, and finally
amplicons were obtained and visualized in an electrophoresis run in agarose gel using a UV light
transilluminator, results were documented and analyzed. We obtained an amplicon of 80 base pairs (bp) for
Zika virus in two individuals, representing an incidence of 11.1%. An amplicon of 106 bp was verified for
Chikungunya in three individuals, which was equivalent to 22.2% of our sampled population. PCR products
were sequenced and a haplotype analysis was carried out using the BioEdit program. Presence of Dengue
virus was also examined, searching for the expected amplicon of 362 bp, however, no positive individual
was detected. We corroborated the presence of viruses from the Flaviviridae and Togaviridae families for
the first time in the hematophagous bat Desmodus rotundus.
Wing Ecomorphology and Flight Speed in Bats from Inferno Cave, Santiago, N.L., Mexico
Jonhatan A. Esqueda1,2, Emma P. Gómez-Ruiz1 and José J. Flores-Maldonado2

1 Laboratorio de Mastozoología, Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, San
Nicolas de los Garza, MEX; 2 Especies, Sociedad y Hábitat A.C., Apodaca, MEX

The relationship between morphological design and ecological function is a central theme in the
biology of species. Ecomorphology inquire the connections between the design of an organism and its
performance, and studies how these connections influence the ability to use the resources in their habitat.
It is known that wing morphology of bats influences their flight capacity for lift, speed, and type of foraging,
however, flight speed is not known for all bat species and in Mexico, only a few studies have been done in
this subject. We explored the relationship between wing morphology and flight speed in eight species from
two bat families (Vespertilionidae and Phyllostomidae) captured at Inferno Cave, in the state of Nuevo
León, México. We trapped a total of 57 bats using mist nets near the cave entrance, we took morphological
measurements and each bat was photographed with the wing extended. ImageJ program was used to
measure the wing area and wing span. These data together with other morphological measurements were
used to calculate the aspect ratio and wing loading and then each was compared with flight speed. To
measure flight speed, a 19-meter long tunnel was built with PVC pipes and a tarp that covered its perimeter.
We released each bat and registered flight duration along 4 meters to estimate speed. Our results indicate
that flight speed increases with forearm length and wing loading. When comparing the aspect ratio and
wing loading, it shows an ecomorphological segregation based on the type of foraging.
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Insect Suppression Services by Insectivorous Bats on Walnut Crops of Chihuahua, Mexico
Fernando J. Montiel-Reyes1, Miguel Mauricio Correa-Ramírez2, Jesús Lumar Reyes-Muñóz1,3 and
Veronica Zamora-Gutierrez2,4

1 Instituto Politécnico Nacional, Centro Interdisciplinario de Investigación para el Desarrollo Integral RegionalUnidad Durango, Durango, MEX; 2 Instituto Politécnico Nacional, Centro Interdisciplinario de Investigación para
el Desarrollo Integral Regional-Unidad Durango, Durango, MEX; 3 Facultad de Ciencias Biológicas, Universidad
Juárez del Estado de Durango, Gómez Palacio, MEX; 4 Biological Sciences, University of Southampton,
Southampton, GBR

Mexico has become the second largest worldwide producer of walnut, a very profitable crop with
yearly incomes of $350,000 USD. However, walnut plantations also suffer high economic losses of up to
50,000 USD annually due to pest damage. The optimization of pest suppression ecosystem services by bats
will favor both human development and environmental health by reducing cost from crop losses and the
use of pesticides. However, the efficiency of this bat service is directly related to bats abundance and their
ecological role as insect predators. In this project, we use acoustic surveys to determine bat species
associated with walnut crops, their activity patterns, and habitat use. Our study site is the municipality of
Jiménez, Chihuahua, the main walnut producer in Mexico. We selected three sites from three different
treatments: xerophytic scrubland, organic and intensive walnut crops. We started surveys of bats and insect
communities in May 2018 and will continue sampling bimonthly for one year at each site. We defined bat´s
habitat use and activity using search calls and feeding buzzes. We placed mist-nets to catch bats within the
area and obtained guano for diet determination and pest intake through NGS. Partial results from May and
July 2018 showed that bat species assemblages are similar across treatments with the dominant species
being Tadarida brasiliensis, Myotis velifer, and Antrozous pallidus. Bat activity and insects abundance was
less in the rainy season (July). Further acoustic and diet sampling will reveal seasonal difference of habitat
use depending on food availability and walnut phenology.
Improving Bat House Designs to be Efficiently Used as a Conservation Tool
Amélie Fontaine1, Anouk Simard2 and Kyle Elliott1

1 McGill University, Montreal, CAN; 2 Ministère des Forêts, de la Faune et des Parcs, Quebec, CAN

Bat houses are frequently used as a conservation measure to increase bat roost habitat, often in
cases where citizens have excluded bats from their dwellings and more and more as a potential tool to
combat white-nose syndrome (WNS). However, very few bat houses are colonized by reproductive females
in temperate and northern regions. Many studies reported thermal properties and location as key factors for
roost choice by female bats. We proposed to test pre-existing and newly designed bat houses based on a
review of the preferences and requirements of the bats most impacted by WNS: little brown and Northern
long-eared bats. The newly designed bat houses were based on passive heating and included insulation,
greenhouse zones and/or phase changing material panels. We also evaluated the best orientation and
mounting type. Internal temperatures of bat houses were compared on seven sites of Québec, Canada, using
iButtons. Newly designed bat houses significantly increased the amount of time within the optimal
temperature range of reproductive Myotis females (22–40°C) compared to standard bat houses, with an
increase of more than three degrees in average during the night. Easterly orientations warmed up the bat
house sooner compared to southerly or westerly orientations. Installation on buildings increased the amount
of time within the optimal temperature range by a better retention and diffusion of heat during the night
compared to pole mountings. A good orientation, mounting and passive heating design could improve bat
houses efficiency as a conservation tool while remaining affordable and handy for citizens.
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Seasonal Ecology of the Lesser Long-nosed Bat at the Edge of Its Range
Winifred F. Frick1,2, Paul A. Heady III3, Alexis D. Earl4, Maria Clara Arteaga5, Patricia Cortés-Calva6 and
Rodrigo A. Medellín7
1 Bat Conservation International, Austin, USA; 2 Ecology and Evolutionary Biology, University of California, Santa
Cruz, USA; 3 Bat Conservation Research and Services, Aptos, USA; 4 Conservation Metrics Inc, Santa Cruz, USA 5
Departamento de Biología de la Conservación, Centro de Investigación Científica y de Educación Superior de
Ensenada, Ensenada, MEX; 6 Programa de Planeación Ambiental, Centro de Investigaciones Biológicas del
Noroeste, La Paz, MEX; 7 Instituto de Ecología, Universidad Nacional Autonóma de México, Ciudad de México,
MEX

The lesser long-nosed bat (Leptonycteris yerbabuenae) is a migratory pollinating bat that was
removed from the Endangered Species List in the United States in 2018 and from threatened status in
Mexico in 2013. The seasonal ecology and conservation status of the species is well-understood in the core
part of its range on mainland Mexico and in the southwestern United States, but relatively little is known
about the species on the Baja California peninsula in northwestern Mexico, a part of its range separated by
the Gulf of California. We studied the seasonal ecology of lesser long-nosed bats on the Baja peninsula at
8 focal roosts along a 450-km north-to-south transect to test hypotheses about migratory or residential status
of the species on the Baja peninsula. We provide evidence of an extensive population of lesser long-nosed
bats on the Baja peninsula that is primarily seasonally migratory and includes 2 mating roosts with males
on the southern part of the peninsula. Seasonal ecology of lesser long-nosed bats was closely associated
with the flowering and fruiting season of the cardón (Pachycereus pringlei), the dominant columnar cactus
on the peninsula. However, we discovered that some female lesser long-nosed bats arrive and give birth at
southern roosts in mid-February, about 2 months earlier than other migratory populations in more northern
Sonoran desert habitats. We documented the loss of nearly a third of the known maternity roosts during the
study, demonstrating that action to protect key roosts remains a high priority.
Interspecific Variations in Hibernation Physiology and Implications for White-nose Syndrome in
Western Bats
Nathan W. Fuller1, Catherine G. Haase2, Kirk A. Silas3, Sarah H. Olson3 and Liam P. McGuire1

1 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 2 Department of Microbiology and
Immunology, Montana State University, Bozeman, USA; 3 Wildlife Conservation Society, Wildlife Health Program,
Bronx, USA

As white nose syndrome (WNS) continues to spread there is great interest in predicting which bat
species are under increasing threat. To understand how diseases impact new regions, each component of
the epidemiological triad, including host, pathogen, and environment must be considered. Recent works
have pointed to the importance of host traits in the development and severity of WNS, including torpid
metabolic rate (TMR) and evaporative water loss (EWL). Among western bats, there is little information
available about the influence of environmental conditions on hibernation physiology and behavior. We
predicted there would be interspecific variation in hibernation physiology, such as accumulated fat stores,
TMR, EWL, and preferred microclimate. To test these predictions, we used dataloggers to record
hibernaculum microclimate, quantitative magnetic resonance to measure body composition, respirometry
to measure TMR and EWL, and passive acoustic monitoring to measure flight activity outside hibernacula.
We studied eight species in seven locations across the western United States. Contrary to expectations, we
observed little variation in TMR among species and among temperatures typical of hibernacula. Bats often
chose hibernacula with highly variable environments that would be associated with high water vapor deficit
and do not correspond to minimum TMR. Interestingly, we found interspecific variation in EWL, which
lends further support to recent studies suggesting EWL plays a large role in WNS susceptibility.
Interspecific comparisons of hibernation physiology provide insight into the physiological diversity of
hibernation and will contribute to efforts to mitigate the effects of WNS in currently unaffected regions.
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Gut Microbiome Analysis of Three Native Minnesota Bat Species
Miranda Galey1, Jessica R. Sieber1 and Ron Moen1,2

1 Department of Biology, University of Minnesota, Duluth, USA; 2 Natural Resources Research Institute,
Hermantown, USA

Microorganisms associated with the vertebrate gut can influence the behavior, immunity, and
development of their hosts. The Chiropteran gut microbiome is poorly understood relative to other large
mammalian orders; here we establish the baseline of taxonomic variation in the fecal microbiome of three
common sympatric species. We sequenced the 16S rRNA gene using the Illumina MiSeq platform of the
fecal pellet microbiome as a minimally invasive way of profiling the gut community of three North
American bats, Myotis lucifugus, M. septentrionalis, and Eptesicus fuscus. Pellets were collected as part of
a mist-net survey over three summers from 2015–2017 broadly encompassing the forested landscapes of
Minnesota. In our analysis of 310 fecal samples, we investigated the influence of age class, species, sex,
geographic location, and reproductive state on the diversity and taxonomic composition of the microbiome.
The majority of identifiable bacteria present in all species were members of the Proteobacteria,
Actinobacteria, and Firmicutes phyla, though seven other phyla also contributed greater than 2% of the
relative abundance in some samples. Gammaproteobacteria and Alphaproteobacteria together made up on
average more than 60% of the Proteobacteria present in all samples. The microbiomes of the Myotis spp.
showed similar levels of alpha diversity, both lower than that of E. fuscus. Reproductively active female
bats were host to more diverse fecal microbiomes than non-reproductive females, perhaps in part due to the
higher energetic demand of lactation and gestation, as well as changes in the immune system associated
with pregnancy.
Microbiota Composition of the Sebaceous Patch of Reproductive Males of Leptonycteris
yerbabuenae
Osiris Gaona1, Daniel Cerqueda García2, Guillermo Vázquez Domínguez3, Patricia M. Valdespino4,
Ximena Neri Barrios5 and Luisa I. Falcón5

1 Posgrado en Ciencias Biológicas, Instituto de Ecología, Universidad Nacional Autónoma de México, Ciudad de
México, MEX; 2 Centro de Investigación y de Estudios Avanzados, Instituto Politécnico Nacional, Mérida, MEX; 3
Laboratorio de Ecología Funcional, Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad
Nacional Autónoma de México, Morelia, MEX; 4 Lawrence Berkeley National Laboratory, Berkeley, USA; 5
Laboratorio de Ecología Bacteriana, Instituto de Ecología, Universidad Nacional Autonóma de México, Ciudad de
México, MEX

The adult males of the lesser long-nosed agave pollinator bat Leptonycteris yerbabuenae
(Phyllostomidae: Glossophaginae) develop an interscapular glandular complex (dorsal or sebaceous patch)
during the mating season. For this study, a total of 17 bat males, 12 adults and 5 young, were sampled in
the cave of San Juan Noxchitlan, Oaxaca, Mexico. Interescapular sebaceous patch samples (N = 11) were
used for DNA extraction, amplification and sequencing of the V4 region of the 16S rRNA gene to
characterize their microbial diversity. Sequences were clustered into Operational Taxonomic Units (OTUs)
to a 97% sequence identity and taxonomically assigned. The results showed that the sebaceous patch
bacterial diversity is mainly composed by Firmicutes (48%) and Proteobacteria (36%), with smaller
contributions of other groups, including Actinobacteria (3.6%), Fusobacteria (2.8%), Cyanobacteria
(2.4%), Tenericutes (0.5%), Bacteroidetes (0.4%), Verrumicrobia (0.03%), and 6.2 % of unassigned
bacteria. There are 26 shared OTUs in the sebaceous patch that represent 30 to 75% of bacteria abundance
found in the samples. The distribution of these 26 shared OTUs is homogeneous among samples, where 16
correspond to anaerobic and fermenting bacteria. The population of fermenting bacteria in the sebaceous
patch is more than 65%, suggesting they have a preponderant role in the reproductive behavior of L.
yerbabuenae. These results show strong evidence to support the fermentation hypothesis, an inclusive
model that recognizes that the production of short-chain fatty acids by fermentative anaerobic bacteria
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hosted in the scent glands of mammals, is a symbiotic relationship important in mammalian chemical
recognition and reproductive behavior.
Genotoxicity Assessment in Insectivorous and Nectarivorous Bats at Agricultural and Urban Areas
of Nuevo Leon, Mexico
Lynnette García-Flores1, Emma P. Gómez-Ruiz1 and Juan Pablo Ceyca2

1 Laboratorio de Mastozoología, Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, San
Nicolás de los Garza, MEX; 2 Laboratorio de Ornitología, Facultad de Ciencias Biológicas, Universidad Autónoma
de Nuevo León, San Nicolás de los Garza, MEX

Bats can act as indicators of environmental pollution because they cover different trophic guilds
and they are susceptible to bioaccumulate metals and other toxic substances due to their high metabolic rate
and high food intake in relation to their body mass. We studied genotoxicity in 4 insectivorous (Tadarida
brisiliensis, Nycticeius humeralis, Myotis auriculus and Antrozous pallidus) and 2 nectarivorous
(Leptonycteris nivalis and Choeronycteris mexicana) bats at agricultural and urban areas in the state of
Nuevo Leon, Mexico. We took blood samples of these bats during July and August 2018 and prepared 2
smears per individual bat. Subsequently, we used the Hemacolor Rapid Staining Kit in the laboratory to fix
and stain the smears. The frequency of micronuclei (MNE) in 2,000 peripheral erythrocytes per individual
was quantified using a microscope. Our results indicate no genetic damage in any of the samples, however
we suggest doing more tests to standardize the staining method and compare with other protocols for
genotoxicity assessment.
Genetic Variation and Genetic Structure Between Two Species of the Genus Sturnira
(Phyllostomidae: Stenodermatinae) in Mesoamerica
Lorena Garibay-Cruz, Livia León-Paniagua and Giovani Hernández-Canchola

Mastozoología, Departamento de Biología Evolutiva, Facultad de Ciencias, Universidad Nacional Autónoma de
México, Ciudad de México, MEX

Mesoamerica has a complex geological history and a variety of environments, which in turn have
generated a high biodiversity at several taxonomic levels. Diversification processes in multiple vertebrate
species in the region have been studied, however, there are not analyses that contrast levels of genetic
variation and structuration between mountain and lowland environments. Sturnira parvidens, a bat with
tropical distribution, and Sturnira hondurensis, from temperate mountain zones, are an excellent model to
compare how the environment could influence genetic information of the species. We assessed levels of
genetic variation and genetic structure using DNA sequences of mitochondrial (ND2) and nuclear (RAG2)
loci (156 S. parvidens; 141 S. hondurensis). High mitochondrial genetic variation (Hd = 0.974 and 0.983,
respectively) and low nuclear variation (Hd = 0.632 and 0.9) are consistent with the recent evolutionary
processes and mutation rates reported for these species and molecular markers. We found two haplogroups
within S. parvidens characterized by a West-East division. Regarding S. hondurensis, there is not a clear
evidence of geographic structure, however, we detected a differentiated lineage that inhabits the Pacific
Slope and western Trans-Mexican Volcanic Belt. This result is consistent with the distribution of the
subspecies Sturnira hondurensis occidentalis, therefore, we suggest that the recognized geographic range
of this taxa must be expanded towards central Mexico. While both species have similar historical processes,
the biology of each organism is determinant by its evolution.
Ecological Niches Reflect the Diversification Patterns of Pteronotus Bats
Tania Garrido-Garduño1,2,3, Carlos Luna-Aranguré1, Ella Vázquez Domínguez1, *Ricardo López-Wilchis4
and Luis M Guevara Chumancero4

1 Instituto de Ecología, Universidad Nacional Autonóma de México, Ciudad de México, MEX; 2 Departamento de
Biología, Universidad Autónoma Metropolitana, Ciudad de México, MEX; 3 Behavioural genomics group, Max
Planck Institute for Evolutionary Biology, Plön, DEU; 4 Departamento de Biología, Universidad Autónoma
Metropolitana Iztapalapa, Ciudad de México, MEX
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Bats of the genus Pteronotus are widely distributed through the Neotropical regions. This group
has been subject to recent taxonomic changes proposing two main monophyletic groups and new species.
These changes had significantly expanded the evolutionary history knowledge of this genus, but the
information about the role of the environment over its lineages diversification is still not understood. Niche
modelling is a useful and versatile approach to explore ecological use, geographic distribution, and niche
divergence between species, which can allow us to further explore how environment can promote the
speciation. We explored the influence of abiotic variables such as temperature and precipitation on the
diversification patterns of the Pteronotus bats. We constructed a database containing all the available
species distribution records and extracted the environmental values from the current bioclimatic envelopes
of WorldClim. This allowed us to perform an n-dimensional hypervolume approach in order to characterize
and quantify the environmental niche and the overlap between lineages, in order to analyze possible signals
of ecological diversification. Additionally, we modeled the potential geographic distribution of eight of the
Pteronotus lineages, searching for patterns of habitat use between them. Our results provide insights of the
most significant abiotic variables for these bats. The most notorious difference between clades were
between P. personatus and P. mexicanus species. We also identified two sister species that are sensitive to
different environmental variables: temperature for P. mesoamericanus and precipitation for P. mexicanus.
We conclude that the recent diversification of Pteronotus bats is related to climate fluctuations.
Molecular Assessment of Dietary Breadth for Nycticeius humeralis in the Midwestern United States
Hannah W. Gearheart1, Timothy J. Divoll1, Zachary M. Cravens2, Justin G. Boyles2 and Joy M. O’Keefe1

1 Center for Bat Research, Outreach, and Conservation, Indiana State University, Terre Haute, USA; 2 Cooperative
Wildlife Research Laboratory, Department of Zoology, Southern Illinois University, Carbondale, USA

The evening bat (Nycticeius humeralis) is a small, forest-dwelling bat, widespread in eastern
North America, but understudied. We have few specific data on its diet and variation across the species’
range. Our goal was to use next-generation sequencing (NGS) to compare diets of evening bats in Indiana
and Missouri. We collected guano samples from bats captured in west-southwest Missouri in Summer
2016 (22 bats) and central Indiana in summers 2015 and 2016 (14 bats, 3 sampled twice). We extracted
DNA and sequenced the arthropod minibarcode region of the CO1 gene on an Illumina MiSeq. Using
custom scripts in Qiime and R, we clustered sequences into molecular OTUs, compared common OTUs
to sequences in the BOLD database, and filtered results by similarity (≥ 98%) and geography to identify
prey taxa. We detected 8–48 unique OTUs per bat in Indiana and 10–32 OTUs per bat in Missouri.
Evening bats consumed insects from 12 orders, mainly Coleoptera, Diptera, and Lepidoptera. We found
substantial overlap across areas at the order and family level, with less overlap at the genus and species
level. Of note is that in each area >10 bats consumed Stenolophus ochropezus (Coleoptera: Carabidae)
and Lygus lineolaris (Hemiptera: Miridae). We detected wood roaches (Blattodea: Ectobiidae), Braconid
wasps (Hymenoptera: Braconidae), and stout barklice (Psocodea: Peripsocidae) only for bats from
Indiana, and root-maggot flies (Diptera: Anthomyiidae) and phantom midges (Diptera: Chaoboridae) only
for bats from Missouri. Using a standardized approach to analyzing high-resolution NGS data yielded
valuable information on dietary breadth and overlap across the evening bat’s range.
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Foraging Strategy of the Nectar Feeding Lesser Long-nosed Bat
Aya Goldshtein1, Simon Collet2, Amos Korman2, Ofri Eitan1, Michal Handel1, Rodrigo Medellín3 and Yossi
Yovel1,4

1 Department of Zoology, Tel Aviv University, ISR; 2 Research Institute on the Foundations of Computer Science,
National Center for Scientific Research and University Paris Diderot, Paris, FRA; 3 Instituto de Ecología,
Universidad Nacional Autonóma de México, Ciudad de México, MEX; 4 Sagol School of Neuroscience, Tel Aviv
University, Tel Aviv, ISR

Every spring tens of thousands of female lesser long-nosed bats (Leptonycteris yerbabuenae) arrive
pregnant to a maternal cave in the Sonoran Desert of Mexico after a long migration of more than 1000 km
from central Mexico. During the lactation period, they rely on the nectar, pollen, and fruit of the Saguaro
cacti (Carnegiea gigantea) as their main food source, while the Saguaro relies on these bats as its main
pollinator. In order to reveal the foraging strategy of the lesser long-nosed bats, we used miniature GPS
devices with an ultrasonic microphone to track bats' movement and behavior. We used a drone to create a
3D model of the visited cacti fields, characterized the cacti distribution and the number of open flowers.
Analyzing bat movements in relation to their food distribution allowed us to identify visits to a specific
cactus. We found that lesser long-nosed bats conduct long commutes every night, flying up to 103 km each
way from the cave to the foraging site. They concentrate their feeding in a specific area inside the cacti
field, visiting specific cacti very often thus maintaining a foraging territory along a night and during
consecutive nights. Social interactions including social calls, chasing and expelling another bat while
feeding, were recorded near the cacti. These findings suggest a highly developed navigation ability and
spatial memory that allow the bats to revisit the same cacti every night.
Diet of Two Frugivorous Bats in Restored Patches
Ariled Z. González-Cerezo1, Edith Rivas-Alonso2 and Cristina Martínez-Garza3

1 Facultad de Ciencias Biológicas, Universidad Autónoma del Estado de Morelos, Cuernavaca, MEX; 2 Doctorado
en Ciencias Naturales, Centro de Investigación en Biodiversidad y Conservación, Universidad Autónoma del
Estado de Morelos, Cuernavaca, MEX; 3 Centro de Investigación en Biodiversidad y Conservación, Universidad
Autónoma del Estado de Morelos, Cuernavaca, MEX

Diets potentially play a central role in determining the dynamics of competition among species.
Ecological restoration aims to accelerate the process of natural succession. Restoration plantings represent
maximum restoration intervention whereas exclusion of disturbance is considered minimal restoration
intervention. The objective of this work is to evaluate the effect of the level of restoration intervention in
the diet of Carollia sowelli and Sturnira parvidens. The experiment was established in 2006 in Los Tuxtlas,
Veracruz, Mexico in 24 30 X 30 m plots: 16 plots were planted with animal or wind dispersed tree species
and the remaining eight plots were excluded from the disturbance. We use 18 plots to sample bats; two mist
nets of 12 m were in the 18 plots during 2 nights per plot. Preliminary results in two field trips raised an
effort of capture of 6,912 mt / hrs / net. The most abundant species were Carollia sowelli and Sturnira
parvidens. The plots with plantings had the highest number of excreta samples for both Carollia sowelli
and Sturnira, parvidens while in the plots under minimal intervention, these species were not recorded. For
Carollia sowelli we registered a total of 608 seeds of two tree species Cecropia obstusifolia and Conostegia
sp. For Sturnira, we resgistered a total of 305 seed of five species: Cecropia obtusifolia, Conostegia
xalapensis, Ficus pertusa, Solanum schlechtendalianum and Sommera arborescens. Our results suggest
that these two frugivorous bats are using only the plots under maximal intervention.

Puerto Vallarta, MX

31

Potential Distribution of the Pollinating Bat Choeronycteris mexicana at the Northern Edge of Its
Range
Andrés E. Guajardo Garcia1, Emma P. Gómez-Ruiz1 and José J. Flores Maldonado2

1 Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, San Nicolas de los Garza, MEX; 2
Especies, Sociedad y Hábitat A.C., Apodaca, MEX

Choeronycteris mexicana (Phyllostomidae: Glossophaginae) is distributed from the southern US
to Mexico, Guatemala, Honduras, and El Salvador in a wide variety of vegetation types from arid thorn
scrub to tropical deciduous forest and mixed oak-conifer forest. The altitudinal range documented is from
300 to 2400 msnm. This bat is considered near threatened by global criteria (International Union for
Conservation of Nature) and threatened by Mexico’s endangered species list due to a significant decline
rate. Little is known about the species habitat requirements, particularly at the northern edge of its range.
In order to help guide field surveys to identify roosts and foraging areas, we studied the potential distribution
of the species using presence-only data and ecological niche modelling algorithms. We created 1-km
resolution models for the northern edge of the bat’s range. We analyzed the species representation within
federal, state and private protected areas and prioritized areas in need for research and conservation based
on information gaps and land use change trends for northern Mexico.
Marked Phylogeographic Structure of Pteronotus psilotis (Chiroptera: Mormoopidae) Reveals a
Diversification Process in Mexico
Luis M. Guevara-Chumacero1, Dafne G. Zárate-Martínez2 and Ricardo López-Wilchis1

1 Departamento de Biología, Universidad Autónoma Metropolitana Iztapalapa, Ciudad de México, MEX; 2
Doctorado en Ciencias Biológicas y de la Salud, Universidad Autónoma Metropolitana, Ciudad de México, MEX

The Wagner's mustached, Pteronotus psilotis Wagner 1843, is a bat restricted to tropical regions
of the new world. Recently, based on a multilocus analysis and geometric morphology, was suggested to
elevate the subspecies (P. personatus personatus and P. personatus psilotis) at the species level (Pavan y
Marroig, 2017). On the other hand, Zárate-Martínez et al. (2018) with mitochondrial sequences suggested
the presence of two lineages in Mexico. The objective of this work was to determine the historical processes
that led to the genetic differentiation and geographical distribution of the two lineages of Pteronotus psilotis
in Mexico. We analyze mtDNA (HVII and COI) and 5 introns of 140 P. psilotis bats from 14 locations in
Mexico. The concatenated phylogenetic analysis and the haplotypic networks resolved two main
haplogroups that correspond to the Gulf of Mexico-Mexican Pacific (GPM), and Southeastern of Mexico
(SM), with a genetic distance of 3.4% for COI and with a separation time of 1.2. Ma [0.872, 1.702 Ma,
95% HPD], that support the presence of two lineages in Mexico. The nucleotide diversity decreased with
the increase of the latitude in the slopes of the GPM suggesting the presence of Pleistocene refuges around
the Isthmus of Tehuantepec with a later diversification. Our data suggest that the demographic expansion
in GPM was about 10 kya, but that in the SM was presented demographic stability. Historical isolation,
local adaptations and a life history of the species favored the phylogeographic patterns found in this study.
Whole-genome Sequencing Reveals Signatures of Dietary Specialization on New World Leaf-nosed
Bats
Yocelyn T. Gutiérrez-Guerrero1, Enrique Ibarra-Laclette2, Josué Barrera-Redondo1, Jorge Ortega-Reyes3,
Eria A. Rebollar4 and Luis E. Eguiarte-Fruns1

1 Departamento de Ecología Evolutiva, Instituto de Ecología, Universidad Nacional Autónoma de México, Ciudad
de México, MEX; 2 Red de Estudios Moleculares Avanzados, Instituto de Ecología AC, Veracruz, MEX; 3
Departamento de Zoología, Instituto Politécnico Nacional-ENCB, Ciudad de México, MEX; 4 Centro de Ciencias
Genómicas, Universidad Nacional Autónoma de México, Ciudad de México, MEX

The shift and specialization into a new food habit is considered one of the most important events
in the natural history evolution. Where the species will start to explore different ecological opportunities,
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new demands on their nutrient acquisition strategies and this can lead to an adaptive radiation. The family
Phyllostomidae, exhibit a diverse and a high dietary spectrum of feeding habits. Each of these food habits
is accompanied by strong ecological, behavioral, morphological, and physiological traits. However, there
have been few studies about those genes related with the dietary specialization. To analyze which are those
genes and the genomics signals related with the diet specialization, we obtained the genomic information
of five species: the nectar-feeders Leptonycteris yerbabuenae, Leptonycteris nivalis, and Musonycteris
harrisonii; the frugivory Artibeus jamaicensis; and the insectivory Macrotus waterhousii. We incorporated
the genomic information deposited on database of the blood-feeder Desmodus rotundus. We generated a
genomic comparative approach to identify those genes and genetic changes associated with a different diet.
Additionally, we performed a coalescent analysis in order to understand the changes of their effective size
in their natural history. We obtained the whole-genome assembly of the Lesser long-nosed bat and it was
used as reference genome to identify Single Nucleotide Polymorphism (SNP). We identified more than 29
million of SNPs unique for each bat. More than 3 million of SNPs are shared in all the leaf-nosed bats with
a different distribution of SNP frequency. Each specie shows a particular trajectory on its effective
population size.
Bats Are Not Squirrels: Revisiting the Cost of Cooling in Hibernating Mammals
Catherine G. Haase1, Nathan W. Fuller2, David T.S. Hayman3, C. Reed Hranac3, Sarah H. Olson4, Raina K.
Plowright1 and Liam P. McGuire2
1 Department of Microbiology and Immunology, Montana State University, Bozeman, USA; 2 Department of
Biological Sciences, Texas Tech University, Lubbock, USA; 3 Molecular Epidemiology and Public Health Laboratory,
Hopkirk Research Institute, Massey University, Palmerston North, NZL; 4 Wildlife Conservation Society, Bronx, USA

Many species use stored energy to hibernate through periods of resource limitation. Hibernation, a
physiological state characterized by depressed metabolism and body temperature, is critical to winter
survival and reproduction, and therefore has been extensively quantified and modeled. Hibernation consists
of alternating phases of extended periods of torpor (low body temperature, low metabolic rate) and
energetically costly periodic arousals to normal body temperature. Arousals consist of warming, euthermia,
and cooling phases. Warming and euthermic costs are regularly included in energetic models, but although
cooling to torpid body temperatures is an important phase of the torpor-arousal cycle, it is often overlooked.
When included, cooling cost is assumed to be 67% of warming cost, as measured in a single ground squirrel
species, regardless of body size or ambient environment. We derived a model of cooling cost from first
principles and validated the model with empirical energetic measurements. We compared the assumed 67%
proportional cooling cost with our model-predicted cooling cost for 53 hibernating mammals, including 17
bat species. Our results indicate that using 67% of warming cost only adequately represents cooling cost in
ground squirrels. In smaller species such as bats, this proportion overestimates cooling cost. Our model
allows for the generalization of energetic costs for multiple species using species-specific physiological and
morphometric parameters. Our model also allows for predictions over variable environmental conditions,
which is imperative in understanding the bioenergetic effects of white-nose syndrome.
Restoring Forests for Bats: A Case Study from the Osa Peninsula, Costa Rica
Elène Haave-Audet1, Doris Audet2, Andy Whitworth1, Michelle Monge-Velázquez1 and Eleanor Flatt1
1 Osa Conservation, Washington, D.C., USA; 2 Department of Science, University of Alberta, Camrose, CAN

Traditional methods of tropical reforestation, notably natural regeneration and active tree planting,
are employed to mitigate species loss in deforested areas. However, these methods are poor at reestablishing several community interactions, as many animal species are slow to return. We are using
neotropical bat diversity as a case study for informing innovative restoration techniques, specifically
‘rewilding’ as a method for accelerating successional processes, as part of a large-scale restoration
experiment conducted by Osa Conservation. The outcome of rewilding in deforested areas may be affected
by the state of the source animal populations. Thus, in this study, we are using bat capture by mist-netting
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as one method to characterize the state of the bat fauna within remnant forest circa 2 km from the restored
area. We will compare the species composition and richness of phyllostomid bats sampled at 24 forest sites
to that of the deforested area, sampled in 30 experimental plots in the initial stage of restoration. We will
present this information as a case study of how to inform which restoration techniques to employ in order
to attract missing or underrepresented taxa in the area. Such techniques may include the construction of
artificial bat roosts, as well as planting species which will support bats in the form of natural roosts and
food sources. This case study can be scaled up to inform restoration efforts throughout the Neotropics in
order to increase the efficiency and success of restoration efforts.
The Influence of Energetic and Time Constraints on Home-range and Habitat Use in Female Myotis
lucifugus
Andrew K. Habrich, Trevor M. Moore and Craig K.R. Willis
Department of Biology and Centre for Forest Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN

Animals may need to increase home-range size when foraging efficiency is low or energy demand
is high but may reduce home-range size if constrained by time required for non-foraging activities (e.g.,
provisioning offspring). For female bats, energetic costs increase during lactation relative to pregnancy and
time constraint also varies by reproductive state, because lactating females must visit roosts frequently to
nurse pups. We hypothesized that if home-range size of Myotis lucifugus decreases during lactation
compared to pregnancy, but nightly visits to roosts increase, then time required for provisioning offspring
constrains home-range size. Alternatively, if energetic constraints exert a stronger influence than time
limitation, nightly visits to roosts should remain stable between pregnancy and lactation. We outfitted bats
recovering from white-nose syndrome (WNS) from a colony in northwestern Ontario, Canada, with
radiotransmitters during pregnancy (n = 7) and lactation (n = 12) and used telemetry to quantify homerange. Consistent with the ‘time constraint hypothesis’ home-ranges were smaller during lactation
compared to pregnancy and bats made more roost visits during lactation. Pregnant bats also avoided closed
canopy, cluttered habitats relative to lactating bats. Consistent with energetic constraint hypothesis,
however, WNS-impacted bats from our site had home ranges approximately 60 times larger than those
reported in the only previous study of home range in M. lucifugus, from a pre-WNS colony. Our results
suggest that, at local colony scales, time constraints drive variation in space use among individuals but that
energetic constraints imposed by WNS, influence variation in space use among populations.
How Is Relative Sensory Organ Volume Related to Diet in Phyllostomids?
Ronald P. Hall1, Gregory L. Mutumi1, Brandon P. Hedrick2, Liliana M. Dávalos3,4, Stephen Rossiter5, Karen
Sears6 and Elizabeth R. Dumont1

1 Life and Environmental Sciences, University of California–Merced, Merced, USA; 2 Department of Organismic and
Evolutionary Biology, Harvard University, Cambridge, USA; 3 Department of Ecology and Evolution, Stony Brook
University, Stony Brook, USA; 4 Consortium for Inter-Disciplinary Environmental Research, School of Marine and
Atmospheric Sciences, Stony Brook University, Stony Brook, USA; 5 School of Biological and Chemical Sciences,
Queen Mary University of London, London, GBR; 6 Department of Animal Biology, University of Illinois at UrbanaChampaign, Urbana, USA

Phyllostomids are emerging as a prime example of adaptive radiation in mammals. They employ
more feeding strategies than any other bat family and almost all bat feeding strategies are represented within
the family. Previous work demonstrated that dietary innovation, particularly the move from insectivory
toward frugivory, is associated with much higher rates of diversification relative to other bat families.
Specifically, the evolution of a short, wide palate served as a key innovation which triggered the adaptive
radiation into new dietary niches. Here we hypothesize that along with the changes in dietary niche and
skull shape there must also be a corresponding shift in relative size of sensory organs that reflect the
differing feeding strategies employed by frugivores, nectarivores, animalivores, and sanguivores. Our
prediction was that higher rates of frugivory and nectarivory would be associated with larger orbits and
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olfactory bulbs. Using iodine stained specimens representing 47 species of both phyllostomids and their
immediate outgroups, we gathered micro-CT scans of skulls and brains from phyllostomid subfamilies and
dietary classes and quantified the relative sizes of orbits, olfactory bulbs, and cochlea. Interestingly, we
found that while there is no strong tie between diet and the size of orbits or diet and the size of olfactory
bulbs, there is a strong tie between diet and total size of the orbits and olfactory bulbs, with the largest in
frugivores and nectarivores. This indicates that there might be multiple avenues of sensory specialization
among frugivorous and nectarivorous lineages.
Maternity Roost Dynamics of Myotis lucifugus in a Post White-nose Syndrome World
John W. Hermanson
Department. of Biomedical Sciences, Cornell University, Ithaca, USA

We have studied maternity roost population size and dynamics in central New York since about
1988 with data focused on 8 locations (out of about 35 roosts studied over the last 30 years). Roosts were
in barns or other “out-buildings” or, in several cases, in bat boxes. In 2018, I utilized visual observations,
video recordings with low-light/infrared lighting formats, bat detectors (Petterson D-1000), and (in the last
year) a Wildlife Acoustics Echo Meter Pro. Population sizes of adult female Myotis lucifugus have remained
low, approaching 97% reduction in population size compared to pre-white-nose syndrome (WNS) sizes.
Big brown bat (Eptesicus fuscus) populations have appeared stable, in fact showing an increase based on
their moving into roost sites formerly occupied by little brown bats. Consistent small numbers of Northern
long-eared bats (Myotis septentrionalis) have been present in one location. Our story is one of roosts that
come and go. For example, one roost, the most populous summer roost of Myotis we had seen in New York,
was razed and lost. Two other roosts have been taken over by Eptesicus females. Three of the traditional
Myotis maternity roosts have had zero (or several) bats present during the birthing and lactating seasons
compared to prior numbers that were in the hundreds. We reject that Myotis lucifugus is rebounding from
WNS, but, we acknowledge that several roosts appear to have had few but stable numbers of the bats during
the past 3 years.
Density of Leptonycteris nivalis’ Foraging Resources Near a Maternity Roost at Cumbres de
Monterrey National Park
Daniel A. Hernández Rodríguez1, Emma P. Gómez-Ruiz1 and José J. Flores-Maldonado2

1 Laboratorio de Mastozoología, Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, San
Nicolás de los Garza, MEX; 2 Especies, Sociedad y Hábitat A.C., Apodaca, MEX

Leptonycteris nivalis is listed as endangered by the International Union for the Conservation of
Nature (IUCN), the United States, and the Mexican endangered species legislation. It is distributed from
central Mexico to southern United States. Each spring mainly pregnant females migrate north following the
flowering events of Agave, which are its main food source in the north. During their journey L. nivalis
pollinates agaves allowing greater genetic diversity in these plants of ecological and economic importance.
Cumbres de Monterrey National Park is relevant for populations of L. nivalis because it contains a maternity
cave called “El Infierno”. Within the park the paniculate Agave species documented are: A. americana, A.
asperrima, A. gentryi, A. salmiana, A. montana, A. ovatifolia, and A. parryi. There is temporal variation in
the flowering onset for each agave species, even different populations of the same species may differ. In
this study we designed a stratified random sampling considering the vegetation and land use for estimating
wild agave populations’ ecological parameters during the months of June, July, and August 2018. We used
central point quadrants to characterize vegetation, measure density of agaves and their relative-importance
value in each vegetation community. We recorded the phenological status of each agave species at each
sampling site. We found differences in density of agave by vegetation type and identified areas in need of
restoration efforts. Our study provides fundamental information for bat habitat management decisions.
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Cranial Morphological Variation in Sturnira hondurensis (Phyllostomidae: Stenodermatinae)
Iván Hernández-Chávez, Livia León-Paniagua and Giovani Hernández-Canchola

Mastozoología, Departamento de Biología Evolutiva, Facultad de Ciencias, Universidad Nacional Autónoma de
México, Ciudad de México, MEX

Geometric morphometry techniques have been useful in intraspecific studies because they allow us
to detect small changes in the shape of organisms, or some of their structures. We used that technique to
analyze the skull of three genetic groups previously and recently described within Sturnira hondurensis:
western, center, and eastern lineages. This species is distributed in montane and temperate forests, from
southern Sonora and Tamaulipas in Mexico to northern Nicaragua. Our goal was to provide information on
the degree of morphological variation within the species. We analyzed 193 specimens of S. hondurensis,
using 5 cranial modules: dorsal view, braincase lateral view, rostrum lateral view, glenoid fossa, and
posterior edge of palatine. Additionally, we analyzed length and width of the skull. The western group
showed a tendency to have a taller and rounded skull and a more curved posterior edge on the palatine than
the other groups; additionally, this group was the smallest and the only one where females were larger than
males. Center and eastern groups showed similar shapes and were larger than the western group. We also
found a correlation between the degree of morphological and genetic variation, which suggests a possible
relation between the morphological differentiation and the short divergence time between lineages. We
suspect there could be a speciation process indicated by subtle genetic and morphometric differences,
possibly caused by environmental and ecological factors that promote the differentiation of the west group.
Analysis of Genetic Diversity of Sturnira hondurensis Populations Along Its Distribution Range
Using Microsatellites
Juan Carlos Hernández García and Livia León-Paniagua

Museo de Zoología “Alfonso L. Herrera”, Facultad de Ciencias, Universidad Nacional Autónoma de México, Ciudad
de México, MEX

Populations represent functional units in the ecosystems they occur, they significantly impact them,
and are the main target of management and conservation politics. Population genetics offers an insight into
the evolutionary processes that determine the genetic state and interactions of the populations. Sturnira
hondurensis, a common Mesoamerican fruit-eating bat species, plays an important role in forest
regeneration, however, no study has been made yet on its population genetics. The subject of this study was
to assess the genetic diversity, level of differentiation and population structure of S. hondurensis along its
distribution range. We obtained genotypes for 8 microsatellite loci of 114 individuals from 11 different
localities in Mexico, Honduras, and El Salvador. Allelic and genotypic richness (average = 15 alleles per
locus; 114 genotypes) and diversity (average = 0.72; average = 1) were high in all localities, genetic
distances among individuals (Bruvo distances ranged from 0.09 to 0.38), G’ST differentiation among
localities (between 0 to 0.5114), Analysis of Molecular Variance among individuals (0.0986, p = 0.001),
localities (0.061, p = 0.001) and geographical regions (0.0838, p = 0.001), and Bayesian analysis of
Structure supported big differentiation between two big groups. The most and least diverse and rich
localities are allocated in eastern Mexico, and western Mexico, respectively, and the biggest differentiation
occurs among western Mexico and central America localities. There are two clearly differentiated groups:
an isolated one from western Mexico, and a bigger one composed by eastern Mexico and central America.
Our results are congruent with the information about the historical dispersion and colonization movements
proposed by previous works.
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Glucocorticoids and Their Relation to Immunocompetence and Oxidative Stress in an Endemic
Insular Bat
Ulalume Hernández-Arciga1,2, L. Gerardo Herrera M.3, Mina Königsberg2, Alejandra Ibañez-Contreras4,
Roxana Miranda-Labra2, José Juan Flores-Martinez5, Ricardo A. Valdez6 and Marta C. Romano6

1 Posgrado en Ciencias Biológicas, Universidad Nacional Autónoma de México, Ciudad de México, MEX; 2
Departamento de Ciencias de la Salud, Universidad Autónoma Metropolitana, Ciudad de México, MEX; 3 Instituto
de Biología, Universidad Nacional Autónoma de México, Jalisco, MEX; 4 Applied Research in Experimental
Biomedicine, Ciudad de México, MEX; 5 Departamento de Zoología, Instituto de Biología, Universidad Nacional
Autónoma de México, Ciudad de México, MEX; 6 Departamento de Fisiología, Biofísica y Neurociencias, Centro de
Investigación y Estudios Avanzados, Ciudad de México, MEX

One of the most common tools used in conservation physiology is the assessment of environmental
stress by measuring glucocorticoids (GGs). Use of fecal samples has become widely used in the field, but
interpretation of fecal GCs can be mis-interpreted if metabolic and hormone metabolite excretion rates are
unknown. Thus, GCs have to rely on other physiological biomarkers to assess stress response more
accurately. Immunocompetence is often related to GCs levels, and production of reactive oxygen species
is an associated cost of both. Therefore, we evaluated the relationship between fecal cortisol metabolites
(FCM) with different antioxidant enzymes (SOD, CAT and GPx), and immune parameters (humoral and
inflammatory) in the fish-eating bat (Myotis vivesi). We induced a) acute stress by movement restriction,
and b) strong rise in GCs levels after injection of adrenocorticotropic hormone (ACTH) and/or
phytomehagglutinin (PHA). Inflammatory response was lower with higher basal FCM levels, but it had
increased after acute stress. Humoral response increased with higher FCM levels in both baseline and acute
stress conditions. When organisms were simultaneously injected with ACTH and PHA, their FCM
concentration decreased. Antioxidants were positively related to basal levels of FCM. There was a general
positive relationship between biomarkers and FCM levels but more studies on the short and mid-term
effects of GCs on different physiological parameters are needed to further understand its implication for
animal fitness.
Validating an Aerial Bat Detection Technology: Acoustic Detection from Above
Dustin S. Hollis1, Emma V. Willcox1, David A. Buehler1, John B. Wilkerson2 and Eric R. Britzke3

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, USA; 2 Department of
Biosystems Engineering and Soil Science, University of Tennessee, Knoxville, USA; 3 US Army Engineer Research
and Development Center, Environmental Lab, Vicksburg, USA

Throughout the United States, millions of acres of undeveloped land maintained by the Department
of Defense for readiness, provides habitat for significant populations of endangered, threatened, and at-risk
bat species. Natural resource managers charged with the stewardship of these lands and the monitoring of
such species under the Endangered Species Act, Sikes Act, and National Environmental Policy Act, are
unable to access large areas due to personnel hazards from the testing of certain weapons platforms and the
potential for unexploded ordinance (UXO). Building off the fundamental ideas of the Autonomous Aerial
Acoustic Recording System, an aerial bird monitoring technology developed and field-tested under the US
Army Corps of Engineers Environmental Laboratory (Dr. Richard Fischer) and the University of Tennessee
(Dr. David A. Buehler, Dr. Stacy Worley, and Dr. John B. Wilkerson), we have developed an Aerial Bat
Detection Technology (ABDT) to supplement ground-based ultrasonic acoustic sampling in accessible
areas, as well as providing access to previously inaccessible areas within these DOD installations. The
ABDT has been designed to acoustically detect bats along transects at virtually any altitude above the
ground and improve our understanding of bat ecology, demographics, and occupancy across various
ecosystems. The ABDT is comprised of a remote-controlled weather balloon and payload that incorporates
an ultrasonic microphone array and redesigned data logger, engineered at the University of Tennessee. We
will present the results of the initial validation testing from this microphone array and incorporated data
logger.
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Creation and Validation of the R-package Countcolor for Quantifying the Fluorescence Emitted by
Pseudogymnoascus destructans
Sarah E. Hooper1, Hannah Weller2, Alicia J. I. Roistacher3 and Sybill K. Amelon4

1 Department of Veterinary Pathobiology, College of Veterinary Medicine, University of Missouri, Columbia, USA;
2 Department of Ecology and Evolutionary Biology, Brown University, Providence, USA; 3 School of Natural
Resources, University of Missouri, Columbia, USA; 4 USDA Forest Service, Northern Research Station, Columbia,
USA

Pseudogymnoascus destructans colonizes the wing membrane of hibernating bats in dense fungal
hyphae aggregates, forming cupping erosions. These fungal cupping erosions emit a characteristic
fluorescent yellow-orange color when the wing membrane is transillumnated with 360 nm UV light. The
purpose of this study was to create and validate the R package “countcolors” for quantifying the distinct
orange–yellow UV fluorescence in bat-wing membranes caused by P. destructans. Validation of the Rpackage was completed by first quantifying the percent area of twenty, one-million pixel images. These
generated pixel images were of two known pixel colors ranging from zero to one-hundred percent of the
pixels. The R-package positively perfectly correlated with the generated pixel images of known pixel
colors. Subsequently, 40, 2.5-centimeter square UV transillumnated photographs of Myotis lucifugus bat
wings were given to a single evaluator. The area of fluorescence was both manually measured and
calculated using ImageJ and quantified with the countcolor R-package. There was good agreement between
the two methods (Pearson’s correlation = 0.915), however the manual analysis showed a consistent negative
bias. Using the R-package countcolor is less time intensive than manually measuring the fluorescence and
our results show countcolor can improve the accuracy when quantifying the area of P. destructans infection
in bat wing-membranes.
Born to Be Piled: Staying Close to Your Relatives Gives You a Better Chance of Survival
Begoña Iñarritu1, Robyn Hudson2, Oxána Bánszegi2, Péter Szenczi3 and Rodrigo Medellín1

1 Instituto de Ecología, Universidad Nacional Autónoma de México, Ciudad de México, MEX; 2 Instituto de
Investigaciones Biomédicas, Universidad Nacional Autónoma de México, Ciudad de México, MEX; 3 Unidad
Psicopatología y Desarrollo, Instituto Nacional de Psiquiatría Ramón de la Fuente Muñiz, Ciudad de México, MEX

Tequila bats (Leptonycteris yerbabuenae) use hot caves during their nursing period not only for
protection but also to reduce the energetic costs and speed-up development of their pups, therefore reducing
the time-period of mother dependence. As a migratory species, faster development is beneficial since
resource availability is limited to a short period of time and the young have to be fit to endure the migration
to south-central Mexico in the autumn. In the Sonoran Desert thousands of female tequila bats gather
together in the early spring to give birth to their young. We studied the dynamics of infant grouping
(clusters) formations, the mother-pup recognition, and abiotic factors of the cave that could be contributing
to such behavior. We recorded the activity of 10 clusters. We also measured the temperature pattern of two
cluster at three sites (center, periphery and 40 centimeters from the cluster). Almost every cluster was made
in open and flat area of the cave’s ceiling and ceased once the females took the pups. These sites had a
mean temperature of 28°C (± 2°C), but due to the aggregation of bats the temperature in the center could
reach up to 36°C and 33.5°C in the periphery. The results showed that there’s a significant positive
relationship between the temperature difference and the number of pups. Even though females of this
species use hot caves during their nursing period, it seems they carefully group their pups during the night
to further facilitate the advantage of thermoregulation from the group huddling.
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Frugivory in Phyllostomids is Associated with Microbiome Functional Specialization
Melissa R. Ingala1,2, Nancy B. Simmons1,2, Miranda Dunbar3, Claudia Wultsch5, Konstantinos Krampis6
and Susan L. Perkins1,4

1 Richard Gilder Graduate School, American Museum of Natural History, New York, USA; 2 Department of
Mammalogy, American Museum of Natural History, New York, USA; 3 Department of Biology, Southern Connecticut
State University, West Hartford, CT; 4 Division of Invertebrate Zoology, American Museum of Natural History, New
York, USA; 5 Sackler Institute for Comparative Genomics, American Museum of Natural History, New York, USA; 6
Center for Basic and Translational Research, Hunter College, New York, USA

While frugivory is a common dietary guild in the Phyllostomidae, it remains unclear how fruiteating bats are able to cope with a diet that is low in key nutrients such as proteins and lipids. A standing
explanation is that fruit bats must engage in facultative insectivory to meet their nutritional requirements,
but new evidence suggests that mammalian gut microbiomes, the community of symbiotic bacteria
inhabiting the gut, are functionally specialized to provision their hosts with nutrients missing from the diet.
Because neither of these hypotheses has been explicitly tested in bats using molecular techniques, it is
unclear which of these forces may have been more important in facilitating the evolution of frugivory in
this clade. Using an ecologically diverse assemblage of Neotropical bats, we tested these hypotheses using
16S rRNA microbiome sequencing, functional annotation by ontology, and diet metabarcoding of fecal
samples from frugivorous and insectivorous host species from Belize. We found limited evidence of
insectivory in the feces of fruit-eating bats, including the presence of insect orders Trichoptera,
Hymenoptera, and Lepidoptera. We also found that the microbiomes of frugivorous bats were enriched for
functions related to peptide biosynthesis, carbohydrate and fatty acid metabolism, and vitamin B6
metabolism compared to insectivorous bats, supporting the hypothesis that the microbiome provisions hosts
with nutrients lacking in fruit. This evidence suggests that both incidental consumption of insects and
selection on microbiome functions may have been useful adaptations to a frugivorous lifestyle in
phyllostomids.
Winter Activity of Four Species of Cavernicolous Bats in Tennessee
Reilly T. Jackson1, Emma V. Willcox1, Riley F. Bernard2 and John M. Zobel1

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, USA; 2 Department of
Ecosystem Science and Management, Pennsylvania State University, State College, USA

For bats captured outside of caves in the southeastern US during the winter hibernation season there
is significant variation in Pseudogymnoascus destructans (Pd) loads and prevalence within and among
species. Our previous research suggests that these variations in Pd susceptibility may be due to differences
in activity during this season. To understand differences in winter activity among species we deployed
Passive Integrated Transponder (PIT) tags and associated data-logging detection systems at three Tennessee
hibernacula. We used these systems to monitor the winter activity of four target bat species (Myotis
grisescens, M. leibii, M. sodalis, and Perimyotis subflavus) with varying susceptibility to Pd. Prior to the
hibernation seasons of 2016–2018, we deployed 1,271 PIT tags across our four target species. Passive
integrated transponder detections indicated Myotis leibii were more active during the hibernation season
(November–February) than other target species, with an average of 42.35% of tagged individuals detected
at cave entrances per month (range = 6.06%−72.7%; P <0.001). Of the 111 PIT-tagged bats active during
winter, only 29.7% (n = 33), the majority of which were M. leibii (69.6%, n = 22), were detected at a cave
entrance more than once per night. The length of time between detections in the same night ranged from
11.5 minutes to 399 minutes (6.65 hours). Our initial results suggest species specific differences in
hibernation activity at sites impacted by white-nose syndrome (WNS), which may influence susceptibility
to Pd.
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Glow in the Dark: Tracking Movements of Bats on an Island Systems
Aditi Jayarajan and David Reed
Florida Museum of Natural History, University of Florida, Florida, USA

Bats (order Chiroptera) are the most diverse group of mammals on Caribbean islands where they
can occupy a wide variety of niches. Recent studies have shown that the advent of humans on these island
systems has drastically changed the landscape and altered the distribution of numerous vertebrate species,
including bats. Understanding how species distribute themselves on the islands can help demonstrate the
adverse effects of climate change and anthropogenic impacts. The island of Eleuthera which spans a
distance of 457.4 km2 on the Great Bahama Bank was chosen as a study site. Fluorescent powder was used
to mark bats in three caves located in the northern, central, and southern parts of the island. Each cave was
tagged with a specific fluorescent dye and checked nightly. Initial results indicate that the bats do not move
between the caves. This study highlights the use of inert dyes in understanding the movement of bats in
The Bahamas. Future directions include rechecking the caves for the presence of the dyes.
Scent Dog Fatality Searches at a California Wind Farm Suggest Spatial Clumping of Bats
Dave S. Johnston, Jeff P. Smith, Andrea K. Wuenschel, M. Murrelet Halterman and Michele L. Childs
H.T. Harvey & Associates, Los Gatos, California, USA

Despite many studies of bat fatalities at wind energy sites across North America and Europe, few
studies have shown spatial differences among fatalities at turbines. However, fatality studies using human
searchers may not provide a high enough percentage of fatalities to detect spatial relationships. We
hypothesized that a better searcher efficiency rate might lead to a better understanding of fatality patterns
such as the clustering of fatalities. We used scent dogs to increase our ability to detect fatalities at a project
with 48 turbines at Altamont Pass in California where most previous studies suggest few bat fatalities. We
used a Hot Spot analysis in ArcGIS 10.4.1 (ESRI, Inc., Redlands, CA) to quantify the degree to which
fatalities were spatially clustered among turbines. The first year we found 229 bats including 133 (58%)
Tadarida brasiliensis, 84 (37%) Lasiurus cinereus, and seven (3%) Lasiurus blossevillii. The hot spot
analysis identified one turbine on the southeast edge of the facility with 17 fatalities as a strong hot spot (P
<0.01) and another turbine on the outer north-central edge with 12 fatalities as a moderate hot spot (P
<0.03). Additionally, five of seven western red bat fatalities were distributed within a narrow (~ 213 meters)
east-west band occurring between latitudes 37.711743° and 37.708948°. Few other projects in North
America or Europe have reported spatial differences in fatality rates among turbines or within projects, but
such information could be useful for developing mitigation strategies for new projects.
The Earliest Asian Bats and their Significance for Understanding Character Evolution in Stem
Chiropteran Families
Matthew F. Jones1,2, K. Christopher Beard1,2, Qiang Li3,4,5 and Xijun Ni3,4,5

1 Biodiversity Institute, University of Kansas, Lawrence, USA; 2 Department of Ecology and Evolutionary Biology,
University of Kansas, Lawrence, USA; 3 Key Laboratory of Vertebrate Evolution and Human Origins, Institute of
Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing, CHN; 4 CAS Center for
Excellence in Life and Paleoenvironment, Beijing, CHN; 5 University of Chinese Academy of Sciences, Beijing, CHN

Early Eocene bats are known from Africa, Australia, Europe, North and South America, and India.
The oldest species date to ~55 million years and are known only from isolated teeth and jaw fragments.
Slightly younger fossils from the early and middle Eocene include preserved postcrania of at least six stem
families. The absence of early Eocene bats from Asia is unusual given Asia’s likely role in the evolution of
many orders of extant mammals. Here we describe two upper molars from the earliest Eocene of the Junggar
Basin, northwest China. We assign these teeth to Chiroptera based on a suite of characters consistently
present in primitive bats, including dilambdodonty with strongly lingually shifted paracones and metacones,
absence of mesostyles, long primary cristae, hooked parastyles, and exaggerated fovea. The M3 is most
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similar to an unnamed taxon from the middle Eocene of Pakistan, while the M2 shows affinities with
Icaronycteris menui from the early Eocene of Europe. The unique combination of plesiomorphic characters
preserved in these teeth has implications for understanding the evolution and potential monophyly of
several stem bat families. These specimens lack both a talon heel and lingual cingulum, suggesting that
these are derived within Chiroptera. The Junggar Basin bats also retain rudimentary conules, as expected
from comparisons to potential outgroups including primitive eulipotyphlans and stem eutherians. These
teeth shed light on the mosaic evolution of chiropteran dental characters and suggest that such families as
Icaronycteridae and Archaeonycteridae may represent grades of chiropteran evolution rather than
monophyletic groups.
Conservation Actions Are Needed for Both Acute and Chronic Threats to North American Bats
Han Li, Kevin A. Parker and *Matina C. Kalcounis-Rueppell
Department of Biology, University of North Carolina Greensboro, Greensboro, USA

Acute threats to biodiversity attract attention and are prioritized for conservation actions when
compared to chronic threats. However, it is not clear how acute vs chronic threats impact biodiversity in
the long term, or how they interact. We investigated how the acute outbreak of white-nose syndrome (WNS)
and chronic land cover change in eastern North America would impact bats over time. We identified land
cover preference for two WNS-impacted species, the tri-colored (Perimyotis subflavus) and northern longeared (Myotis septentrionalis) bat and modelled how future land cover change and spread of WNS would
affect their distributions. We hypothesized that both land cover and WNS affect current bat distribution and
that WNS would have the same effects on future bat distribution as land cover change. We collected bat
distribution data at 161 sites using the North American Bat Monitoring Program from 2015 to 2017 in North
Carolina, USA. We used the National Land Cover Database, and current WNS occurrence data, as
covariates for dynamic occupancy modeling. We found land cover was important in explaining occupancy,
colonization, and extinction probability. However, WNS only impacted extinction probability. We
predicted future bat distribution in 2035 using projected land cover and WNS occurrence. We found land
cover change would cause decreases in both species’ occupancy. Northern long-eared bat extinction
probability would increase due to land cover change, regardless of WNS spread. Even though WNS has an
acute impact on bats, the management of WNS must go hand in hand with protecting critical habitats.
Roost Selection of Southeastern Myotis in an Old-growth Bottomland Hardwood Forest
S. Piper Kimpel1 and Susan C. Loeb2

1 Department of Forestry and Environmental Conservation, Clemson University, USA; 2 USDA Forest Service,
Southern Research Station, Clemson, USA

Little is known about the roosting habits of southeastern myotis, Myotis austroriparius, in Coastal
Plain forests. Our objective was to quantify characteristics of roosts selected by southeastern myotis in
Congaree National Park, an old-growth bottomland hardwood forest in the Upper Coastal Plain of South
Carolina during winter (November–March) 2015–16 and 2016–17 and summer (May–August) 2015 and
2016. We located roosts through opportunistic cavity searches and tracking radio-tagged bats to roosts. We
quantified tree characteristics, the herbaceous layer in front of the cavity opening, habitat type, canopy
closure, and cavity opening size of roost and random trees. We ran logistic regression models to test which
characteristics were the most important for distinguishing all roosts versus random trees, winter versus
summer roosts, summer roosts versus random trees, and winter roosts versus random trees. Although we
located many canopy roosts during the study, our analyses were conducted only on roosts with basal cavity
openings. There were no significant differences between winter and summer roosts or between winter roosts
and random trees. Roosts had significantly smaller cavity openings than random trees (P = 0.006),
significantly larger diameter at breast height (P = 0.016), and smoother cavity interior texture (P = 0.062).
Cavity opening area and diameter at breast height also differed significantly between summer roost and
random trees (P = 0.024 and P = 0.039, respectively). This suggests that roosts are selected for their cavity
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properties rather than for their surrounding habitat, perhaps to decrease risk of predation, improve
thermoregulation, and provide larger spaces for maternity aggregations.
Drivers of Human Behaviors: The Theory of Planned Behavior and Flying Fox Hunting in
Southeast Asia
Tigga Kingston1, Sheherazade Jayadi2, Merlijn van Weerd3 and Susan M. Tsang4,5

1 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 2 Department of Wildlife Ecology and
Conservation, University of Florida, Gainesville, USA; 3 Mabuwaya Foundation, Isabela, PHL; 4 Department of
Mammalogy, American Museum of Natural History, New York, USA; 5 Zoology Division, National Museum of the
Philippines, Manila, PHL

Although many threats to bat populations derive from the degradation and loss of foraging and
roosting resources, direct mortality from hunting and/or persecution threatens 10% of bat species globally
and more than a third of Old World fruit bats (Pteropodidae) (IUCN 2018). Sensitization and outreach
campaigns that vaunt the importance of bats may change values over generations, but effective real-time
interventions need detailed insight into behavioral drivers of the action of concern. The Theory of Planned
Behavior (TPB) provides a conceptual framework to interrogate the motivations of human behavior that
has been used in psychology for more than 30 years. The TPB posits that human behavior is guided by
beliefs about: the likely consequences of the behavior (behavioral beliefs); social pressure to perform or not
perform the behavior (normative beliefs); and whether people feel they have the resources, opportunities,
or abilities to perform the relevant behavior (control beliefs). More recently, the TBP has been applied to
environmental and conservation behaviors that range from littering to illegal hunting of tigers. Here we
introduce the TPB and detail its use as a conceptual framework to understand the diverse drivers of flying
fox hunting across Southeast Asia. We illustrate questionnaire development with a case study from
Sulawesi, and close with consideration of other human-bat interactions and conflicts that could benefit from
application of the TPB framework.
After the Invasion: White-nose Syndrome and Bats in Michigan
Allen Kurta1 and Steven M. Smith2

1 Department of Biology, Eastern Michigan University, Ypsilanti, USA; 2 S.M. Smith Co., Iron Mountain, USA

Pseudogymnoascus destructans was first detected in Michigan in spring 2014. During winter 2016–
2017 and 2017–2018, we visited 47 mines, 2 caves, and 1 tunnel, counted overwintering bats, and
determined species composition, to make comparisons pre- and post-white-nose syndrome. Statewide, the
total population fell 83%; 24 sites registered population declines greater than 90%, including multiple
hibernacula that formerly sheltered more than 10,000 animals each. Overall, little brown bats (Myotis
lucifugus) decreased by 78%; northern long-eared bats (M. septentrionalis), by 96%; and eastern pipistrelles
(Perimyotis subflavus), by 94%. These species disappeared from 10, 75, and 75%, respectively, of the
underground locations from which they were known before the disease. Big brown bats (Eptesicus fuscus),
in contrast, exhibited no substantial change in numbers or distribution. A preliminary analysis suggested
that size of the initial population had no effect on the extent of the decline at each hibernaculum, although
sites with a maximum ambient temperature greater than 7 °C and those with water vapor pressure deficits
less than 0.5 kPa were consistently devastated.
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Key Ecological and Social Considerations for Implementing Agave Restoration for Nectar-feeding
Bats in Northeast Mexico
Kristen M. Lear1, Jeffrey Hepinstall-Cymerman1, Elizabeth G. King1,2, Laura A. German3, Meredith WelchDevine3, Emma P. Gomez-Ruiz4 and Jose Juan Flores Maldonado5
1 Integrative Conservation and Warnell School of Forestry and Natural Resources, University of Georgia, Athens,
USA; 2 Odum School of Ecology, University of Georgia, Athens, USA; 3 Department of Anthropology, University of
Georgia, Athens, USA; 4 Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, Monterrey, MEX;
5 Especies, Sociedad y Habitat, A.C., Monterrey, MEX

Endangered Mexican long-nosed bats (Leptonycteris nivalis) migrate every year between central
Mexico and the US Southwest. During migration, they feed on the nectar of agaves (Agave spp.). However,
agaves are also harvested for many uses throughout Mexico. Efforts are underway to establish agave
restoration programs that will enhance forage resources for L. nivalis. However, little is known about how
to implement these programs in ways that are both ecologically and socially appropriate. In this study, we
addressed two questions: 1) What agave characteristics provide high-quality food resources for bats? and
2) What social factors should be considered when implementing agave restoration with local communities?
We worked in northeast Mexico around two important roosting caves for the species. To address the first
question, we monitored bat feeding activity at flowering agaves with infrared cameras for 58 nights
(summers 2016–2018). To address the second question, we conducted 45 semi-structured interviews with
agave harvesters from 14 communities, focusing on current agave management and potential motivations
or barriers to agave restoration. Preliminary results from the foraging study indicate that bats prefer clumped
agaves, suggesting that agaves should be planted in groups during restoration projects. Analysis of
interviews revealed several key considerations for working with local communities. Considerations include
understanding trade-offs and identifying when incentives are needed, listening to local knowledge,
investing in long-term monitoring, and understanding local variability in agave growth and reproduction.
These findings provide valuable information for organizations seeking to implement agave restoration
programs for the Mexican long-nosed bat.
True Survivors: Gene Expression During Hibernation Reveals Differences in Response to
Pseudogymnoascus destructans in two species of Infected Myotis
Thomas M. Lilley 1,2, Jenni M. Prokkola 1, Steve Paterson 1, Tomáš Bartonička 3, DeeAnn M. Reeder 4
and Kenneth A. Field 4

1 Institute of Integrative Biology, University of Liverpool, Liverpool, GBR; 2 Finnish Museum of Natural History,
University of Helsinki, Helsinki, FIN; 3 Dept of Botany and Zoology, Masaryk University, Brno, CZE; 4 Biology
Department, Bucknell University, Lewisburg, USA

Bat white-nose syndrome (WNS) is a rapidly spreading wildlife disease in North America. The
fungus causing the disease invades skin tissues of hibernating bats, resulting in disruption of hibernation
behavior, premature energy depletion, and subsequent death. Palearctic species appear to be tolerant or
resistant to the fungus, and do not suffer from the pathological consequences of the disease. We collected
both infected and uninfected tissue samples from two bat species in natural conditions during the
hibernation period: the Palearctic Myotis myotis from the Czechs Republic, and the Nearctic M. lucifugus
sampled from a so-called remnant population from Pennsylvania, USA. We used next generation RNA
sequencing to compare responses to local infection at a transcriptional level. M. myotis showed much lower
fold changes in gene expression due to local infection with P. destructans, despite pathogen loads being
similar to those in M. lucifugus. Only 5 transcripts were differentially expressed in M. myotis at an FDR
cutoff of 0.05, while 1981 transcripts were differentially expressed in the M. lucifugus samples. Gene
ontology analysis revealed that that the differentially expressed genes in the latter were involved in muscle
cell development/function, cell communication/signalling, and immune responses. These results, in
conjunction with our previous studies, enforce the view that local immune reactions play an important
function in WNS-associated pathology.
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Community Ecology and Phylogeography of Bats in the Guianan Savannas of Northern South
America
Burton K. Lim1 and Thomas E. Lee, Jr.2

1 Department of Natural History, Royal Ontario Museum, Toronto, CAN; 2 Department of Biology, Abilene Christian
University, Abilene, USA

The Guiana Shield of South America contains one of the largest contiguous expanses of pristine
tropical rainforest remaining in the world. Smaller tracts of savannas are also present, but its biodiversity
is less known and studied. In lowland Neotropical areas, bats typically comprise the most species-rich group
of mammals. We compare the bat faunal community and phylogeography in the savanna habitats of the
Llanos in Venezuela, Rupununi in Guyana, and Sipaliwini in Suriname. Measures of species diversity and
relative abundance from standardized field survey methodology enable comparison among these 3
grassland regions. Genetic variation is summarized by DNA barcoding to examine biogeographic patterns
across larger forest-savanna landscapes. A total of 76 species of bats are documented, of which 18 species
are reported from all 3 savannas and 30 species are reported from only one of the savannas. Endemism is
low with 3 taxa restricted primarily to dry open habitats. However, 8 species have divergent
phylogeographic lineages associated with savanna populations. Although bat species are usually distributed
over wide regions of the Neotropics, the habitat mosaics of the Guiana Shield have different faunal
assemblages. Going back into the Miocene, the contractions and expansions of forest-savanna
paleoenvironments over time have contributed to speciation and the current high levels of biodiversity in
South America.
A Tale of Two Strategies: Winter Torpor Patterns of Two Southeastern Tree-roosting Bat Species
Susan C. Loeb1, S. Piper Kimpel2 and Blaise A. Newman2

1 USDA Forest Service, Southern Research Station, Clemson, USA; 2 Department of Forestry and Environmental
Conservation, Clemson University, Clemson, USA

Determining whether a population of bats is susceptible to white-nose syndrome (WNS) requires
knowledge of its torpor patterns, particularly the amount of time that skin temperature (Tsk) is below the
upper growth limit of Pseudogymnoascus destructans (19.5°C), the fungus that causes WNS. Southeastern
myotis (Myotis austroriparius) and tri-colored bats (Perimyotis subflavus) are susceptible to WNS when
they hibernate in caves and mines. In parts of their range they overwinter in trees and other structures such
as bridges but, it is not known whether they are susceptible to WNS when roosting in these structures. Our
objective was to determine the torpor patterns of southeastern myotis and tri-colored bats that use trees and
other structures during winter at two sites in South Carolina, with special emphasis on the amount of time
Tsk was below 19.5°C (i.e., Pd-zone). We placed temperature sensitive radio-transmitters on southeastern
myotis during winter 2015–16 and 2016–17, and on tri-colored bats during winter 2017–18, tracked them
to their roosts, and recorded Tsk using Lotek dataloggers. Southeastern myotis rarely went into extended
torpor but instead exhibited daily torpor. Mean Pd-zone bout time was 8.1 hr and only 4 of 22 bats stayed
in the Pd-zone for >1 day. In contrast, tri-colored bats often exhibited extended torpor bouts; mean Pd-zone
bout time was 19.8 hr with a maximum of 9 days. Our data suggest that winter torpor patterns of treeroosting southeastern myotis may allow them to survive WNS infections whereas tree-roosting tri-colored
bats may be more susceptible.
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Tochmatzintla Bats, Sierra del Tentzo, Puebla, Mexico.
Ma. Concepción López1, *María Magdalena Ramírez Martínez2, Ernesto Benítez1, Refugio Escárcega1 and
Geovanny Ramírez2

1 Facultad de Biología, Benemérita Universidad Autónoma de Puebla, Puebla, MEX; 2 Centro Universitario de la
Costa Sur, Universidad de Guadalajara, Autlán, MEX

Bats are the most diverse mammals in Mexico, and they are considered key in ecological processes,
such as pollinization, seed dispersal, and regenerators of disturbed environments. This work documents the
richness, abundance, and diversity of bats from the Communal Goods of Tochmatzintla, Hutlatlauca,
Puebla. The sampling was done in dry season during 2015 and 2016. We use mist nets to capture bats,
conventional data was taken. The presence of 12 species was confirmed, from 8 genera and three families,
representing 6.96% of the state registers. All species are considered of least concern by the IUCN and none
are in CITES. The capture effort was 1295 meters of net; Rhogessa alleni was the species with highest
abundance. The species richness index was Dmg = 2.611. Shannon’s diversity index was H´ = 2.177. The
similarity index changed between sites and there is an allometric relationship between weight and length of
the forearm, according to their feeding habits. The communal goods of Tochmatzintla offer a wide array of
natural habitats, therefore it is recommendable to make species inventories, in order to establish habitat
conservation programs for environmental education, generating citizen awareness, and wildlife
management policies.
Dermatomycosis in Tadarida brasiliensis from Mexico City
Osvaldo López-Díaz1, Emilio Rendón-Franco1, Pedro R. Cuestas-Alvarado2 and *Claudia I. MuñozGarcía1,3
1 Departamento de Producción Agrícola y Animal, Universidad Autónoma Metropolitana-Unidad Xochimilco,
Ciudad de México, MEX; 2 Departamemto de Sistemas Biológicos, Universidad Autónoma Metropolitana-Unidad
Xochimilco, Ciudad de México, MEX; 3 Facultad de Veterinaria, Universidad de Murcia, Murcia, ESP

Since the appearance of white-nose syndrome (WNS) in 2007, concerns regarding diseases that
produce mortalities in bats have risen. Besides Pseudogymnoascus destructans, very few information exist
about pathogenic fungus in bats. The present is the first report of dermatomycosis in a bat from Mexico
City, which happened in the spring of 2016 when an adult male Tadarida brasiliensis was found prostrate,
weak, and dehydrated. The wings show grossly skin clinical signs of multifocal coalescent lesions with
brown circular appearance, on both dorsal and ventral surfaces. Eighteen hours later, the animal died.
Necropsy reveals generalized lack of adipose tissue and severe multifocal pneumonia as a probable cause
of death. Histopathological analysis corroborates an interstitial pneumonia, but also reveals lymphoid
depletion of the spleen, which suggests an immunosuppression process, of indeterminate cause. Pathologic
changes in skin include parakeratosis, and moderate, multifocal to coalescing hyperkeratosis. Spores were
adhered to stratum corneum and hair follicles. The findings of this report are relevant since reveals for the
first time that T. brasiliensis, a mollosid that commonly shares refugees with vespertillionid bats, is
susceptible to fungal secondary pathology due to immunosuppression process. This fungalimmunosuppression process occurs also in US vespertillionid bats, which acquire the WNS disease due a
suspected immunosuppression. The cause of immunosuppression and the fungus characterization need to
be further studied, in order to increase knowledge and improve the understanding of fungal diseases in bats,
to develop preventive measures and implement treatments.
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Developing an Open Source Neotropical Bat Call Fact Sheet with a Costa Rican Focus
Beatriz Lopez Gutiérrez1, Bruce Miller2 and Eben N. Broadbent1

1 School of Forest Resources and Conservation, University of Florida, Gainesville, USA; 2 Bat Sound Services,
Canadian Lakes, USA

Vocal signatures allow for the identification of a wide range of bats and represents a non-invasive,
cost-effective survey method to measure diversity, temporal activity, and distributions of rarely captured
species. Despite the simplicity of this type of data collection, it takes years of experience to identify bats
by their vocal signatures, particularly without a complete and comprehensive public access dataset. This is
particularly true for the Neotropics where high diversity, large species ranges, and other environmental
factors affecting bats may contribute to call variations. As species are shared across borders and
geographical ranges, call summaries can be used for species identifications across species distributions.
This project compiled acoustic data from the Neotropical bat call database (>1,8700,000 records), recorded
by Bruce Miller from Mexico to Bolivia and Cuba with numerous international collaborators. Fact Sheets
and Interactive ID keys by country are being made freely available to provide key call parameters for users
to identify bat calls. Data recorded in the Osa Peninsula, Costa Rica, by Beatriz Lopez Gutierrez, has been
used to enhance the database and create identification Fact Sheets for Costa Rica. With the aid of these free
tools, researchers, conservation managers, and keen citizen scientists recording bats will be able to identify
their own data, vet “black box classifiers” and become proficient in identifying future recordings.
Ecological Adaptation or Phylogenetic Constraint in Evolution of Echolocation Call and
Morphology in Molossus?
Livia. O. Loureiro1,2, Mark D. Engstrom1,2 and Burton K. Lim1

1 Department of Natural History, Royal Ontario Museum, Toronto, CAN; 2 Department of Ecology and Evolutionary
Biology, University of Toronto, Toronto, CAN

In this study we explored the evolution of several parameters of echolocation calls and
morphological characters in the broadly distributed Neotropical bat Molossus. Molossus are
morphologically conservative and the level of genetic divergence, even among well characterized species,
is low, which has made the genus a taxonomic challenge. Therefore, better phylogenetic resolution and
understanding of the patterns of diversification of echolocation calls and variance in morphological
characters could help to discern the underlying speciation processes. We obtained tissues from 190
specimens, including all the recognized species of Molossus and two outgroups. The genotyping by
sequencing approach was performed and single nucleotide polymorphisms were filtered and aligned with
the genome of Myotis brandtii as reference and De Novo. We generated Maximum Likelihood and
SVDquartet trees that resulted in well resolved phylogenies with fourteen distinct clades. A total of 10
echolocation call parameters and six morphological characters were mapped onto the phylogeny and
independent contrasts analyses were performed among variables of these two datasets. Based on our results
only a few characters, in either datasets, have strong phylogenetic signal, but quantitative echolocation call
parameters seem to be highly correlated with size. Our study indicates that both echolocation and
morphology often evolved in Molossus as a mosaic of primarily ecological adaptations and phylogenetic
constraints.
Phylogenetic Signal in Skull Shapes of Stenodermatine Bats
Sara C. Lucero-Verdugo, Livia León-Paniagua and Giovani Hernández-Canchola

Mastozoología, Departamento de Biología Evolutiva, Facultad de Ciencias, Universidad Nacional Autónoma de
México, Ciudad de México, MEX

The Stenodermatinae subfamily is considered the most diverse in species and morphologies within
phyllostomid bats. Its origin has been related to the change and specialization to a frugivorous diet and the
evolution of a robust skull. That is why the great skull variation present in stenodermatines could has a
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phylogenetic or ecological component. Our goal was to describe the variation in the skull shape of 10 genera
along all subfamily, and to analyze if this variation has a phylogenetic component. We quantified the shape
variation of mandibles and cranium using geometric morphometrics and modularity methods. We used the
phylomorphospace and the phylogenetic signal estimation to compare morphologies with the most recent
and complete phylogeny of Noctilionoids bats. In all analyzed shapes we found significant differences
among all genera. The phylomorphospace allowed us to observe that some species are close in their
morphology but distant in the phylogenetic relationships, mainly in the mandibular modules where greater
variation and absence of phylogenetic signal was obtained. This may be due to a high plasticity in response
to ecological factors, so that the mandibular characters could be useful in ecomorphological studies. In
contrast, in the cranial modules we found significant phylogenetic signal, indicating a phylogenetic
congruency. This suggests that the cranial characters provide information in phylogenetic studies of
stenodermatine bats.
Acoustic Library of Mexican Insectivorous Bats: SONOZOTZ-AMMAC-CONABIO
Cristina MacSwiney G.1, Veronica Zamora-Gutierrez2, Miguel Ángel Briones-Salas3, Rafael Ávila-Flores4,
Patricia Cortés-Calva5, Melina Del Real-Monroy6, Julián Equihua7, José Antonio Guerrero8, Luis Ignacio
Íñiguez-Dávalos9, Margarita García-Luis3, Celia López-González10, Fernando Javier Montiel-Reyes10,
Jorge Ortega11, Everardo Robredo7 and Celia I. Selém-Salas12

1 Centro de Investigaciones Tropicales, Universidad Veracruzana, Xalapa, MEX; 2 Consejo Nacional de Ciencia y
Tecnología, Centro Interdisciplinario de Investigación para el Desarrollo Integral Regional-Unidad Durango,
Instituto Politécnico Nacional, Durango, MEX; 3 Centro Interdisciplinario de Investigación para el Desarrollo
Integral Regional-Unidad Oaxaca, Instituto Politécnico Nacional, Oaxaca, MEX; 4 División Académica de
Ciencias Biológicas, Universidad Juárez Autónoma de Tabasco, Villahermosa, MEX; 5 Centro de Investigaciones
Biológicas del Noroeste, S.C. Av. Instituto Politécnico Nacional, La Paz, MEX; 6 Laboratorio de Genómica
Evolutiva, Universidad Autónoma de Zacatecas, Zacatecas, MEX; 7 Comisión Nacional para el Conocimiento y
Uso de la Biodiversidad, Ciudad de México, MEX; 8 Facultad de Ciencias Biológicas, Universidad Autónoma del
Estado de Morelos, Cuernavaca, MEX; 9 Centro Univerasitario de la Costa Sur, Universidad de Guadalajara,
Autlán de Navarro, MEX; 10 Centro Interdisciplinario de Investigación para el Desarrollo Integral RegionalUnidad Durango, Instituto Politécnico Nacional, Durango, MEX; 11 Escuela Nacional de Ciencias Biológicas,
Instituto Politécnico Nacional, Ciudad de México, MEX; 12 Facultad de Medicina Veterinaria y Zootecnia,
Universidad Autónoma de Yucatán, Mérida, MEX

Mexican bat researchers, members of the Mexican Society of Mammalogy (AMMAC), along with
mathematicians and computational scientists, integrated the first reference acoustic library of Mexican
insectivorous bats and developed the first online open-source platform to share acoustic data of bats
worldwide. We developed a standardized sampling and recording protocol and held three training
workshops. Sixty individuals attended, including researchers, students, independent professionals, and
representatives of NGOs and federal agencies. In 2016 and 2017, we sampled bats in 183 localities of eight
Mexican ecoregions that ranged from sea level up to 3600 m in elevation. A total of 173 people from 30
academic institutions participated in the sampling collections. We recorded 2,302 echolocation calls from
1,604 individuals belonging to 7 families and 67 species, representing 63.3% of the insectivorous bat
species of Mexico. Myotis velifer was the most recorded species (n = 308), followed by Tadarida
brasiliensis (n = 221), and Pteronotus parnellii (n = 203); in contrast, six species were recorded one single
time. The platform was developed in a wxpython framework and contains taxonomic, morphometric,
photographs and sonograms for all recordings. The platform along with all the hosted data will be freely
accessible and it can be strengthened to increase and extend the calls of representative species from any
country.
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Indirect Effects of the Landscape on Fruit Production in Baobab Trees of Kenya
Macy A. Madden1, Paul Webala2 and Tigga Kingston1

1 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 2 Department of Forestry and Wildlife
Management, Maasai Mara University, Narok, KEN

Baobab trees (Adansonia digitata) span mainland Africa and observations and exclusion
experiments suggest that fruit bats are the primary pollinators. Bats’ nightly movements are motivated by
the availability of resources in the landscape, such as water, flowers, and fruits. The distribution of water
and food in the landscape is therefore predicted to indirectly influence the number pollinating visits to
baobab trees, and as a consequence the number of fruit produced by baobab trees. To test the indirect effects
of the landscape on fruit production, we counted the number of fruit on baobab trees in an approximately
4.0 km by 3.0 km plot near Nuu, Kitui County, Kenya. In addition, we recorded all possible fruiting trees
(i.e., mangoes, bananas, pawpaw, and figs). We predicted that more fruit per baobab tree would occur
where: i) there is a greater density of mango trees, fig trees, and baobab trees within a 500m buffer around
the focal tree; ii) the closer the focal baobab is to its nearest neighbor (e.g., baobab, mango, or fig tree); and
iii) the closer the focal baobab is to a water source. The number of baobab fruit per tree is influenced by
density and proximity of other baobab and fig trees, but also by the number of introduced fruiting trees,
such as mangoes. The findings suggest an intricate relationship between the configuration of the landscape,
its components, and its influence on pollinators such as fruit bats.
Population Genetic Demography of the Tri-colored Bat and Implications for the Impact of Whitenose Syndrome
Alynn Martin1, Maarten J. Vonhof2 and *Amy L. Russell3

1 School of Biological Sciences, University of Tasmania, Hobart, AUS; 2 Department of Biological Sciences, Western
Michigan University, Kalamazoo, USA; 3 Department of Biology, Grand Valley State University, Allendale, USA

The recent emergence of threats to North American bat conservation has prompted an increase in
population genetic research on high-risk species. The tri-colored bat is affected by both white-nose
syndrome and wind turbine mortality. However, little work has been done regarding the population
structure and effective population size of this species. Using mitochondrial sequence and nuclear
microsatellite data, we analyzed male and female structure across the sample range of Perimyotis subflavus
and estimated the effective population size of their populations. Pairwise FST values indicate that there is
one panmictic population based on microsatellite data, while mitochondrial data support two populations
within the sampled range. AMOVA results suggest that females are making short distance movements.
These data yield contrasting results for effective population size and size change over time. Mitochondrial
data suggest an increase in female effective size for both Appalachian and western populations since the
last glacial maximum, while microsatellite data suggest a recent bottleneck. The persistence of the tricolored bat is dependent upon the maintenance of genetic diversity, and calls for the conservation of
genetically distinct populations as well as the preservation of hibernacula and swarming locations.
Interspecific Interactions Between Sympatric Nectarivorous Bats (Leptonycteris) and
Corroboration of Historical Roosting Sites in Central Mexico
Marisol Martínez-Bautista1, Rodrigo A. Medellín1, D. Leonor Quiroz-García2, Salvador AcostaCastellanos2 and Ana C. Ibarra-Macías1

1 Instituto de Ecología, Universidad Nacional Autónoma de México, Ciudad de México, MEX; 2 Laboratorio de
Palinología, Escuela Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, Ciudad de México, MEX

Leptonycteris nivalis and L. yerbabuenae are physically and ecologically very similar nectarivorous
bats, so they are expected to have different feeding habits when their distributions overlap to avoid
competition. In addition, L. nivalis was reported in different caves more than 10 years ago, but these caves
were never visited again. The objectives of this work are: to determine the use of food resources by L.
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nivalis and L. yerbabuenae when their distributions overlap in Central Mexico; and to determine the
presence of L. nivalis in caves reported as historical roosting sites. We sampled the diet, foraging activity,
and resource availability in the periods autumn–winter and spring–summer. Also, caves were visited and
the presence or absence of L. nivalis was corroborated. The results showed that these bats share more than
half of the plant species in their diets in both periods. In autumn–winter the genus Ipomoea dominates their
diet, while in spring–summer their diet is dominated by the genus Agave. The above, added to the high
availability of food resources identified indicates that there is no competition for food between these bats
when their distributions overlap in Central Mexico. On the other hand, L. nivalis was found in a single cave
of those historical records that were visited again. This colony in the state of Michoacán represent a breeding
colony for the species, which is a great contribution in its conservation.
Assessment of Bat Guilds for Automatic Acoustic Classification
Santiago Martínez Balvanera1, Everardo Robredo-Esquivelzeta1, Veronica Zamora-Gutierrez2, Cristina
MacSwiney G.3 and Julián Equihua-Benítez1

1 Comisión Nacional para el Conocimiento y Uso de la Biodiversidad, Ciudad de México, MEX; 2 Consejo
Nacional de Ciencia y Tecnología, Centro Interdisciplinario de Investigación para el Desarrollo Integral RegionalUnidad Durango, Instituto Politécnico Nacional, Durango, MEX; 3 Centro de Investigaciones Tropicales,
Universidad Veracruzana, Xalapa, MEX

Automatic acoustic classification of bat signals is often focused on species level, deriving all the
associated ecological information from an output label reference that can be unreliable. However, it is
possible to produce direct ecological audio tagging without the need of species names, provided that a set
of meaningful label categories exists. Bats’ sonar has allowed them to exploit a wide range of niches and it
has evolved to reflect species sensory requirements. There have been different proposals to categorize bats
into guilds but to date there are no assessments on their effectiveness in automatic time explicit event
detection and classification. Here, we used deep learning methods and four guild categorizations to
determine performance on raw audio input labelling with constant overall architecture except for the
number of output classes. We used a total of 1385 files comprising 26361 pulses from 66 species and 8
families distributed in Mexico to generate a 6:2:2 partition for training, testing, and validation sets. Results
showed a tendency of Schnitzler and Kalko’s 2001 guild definition to outperform other classification
schemes at detection tasks with 80% mean precision and 70% mean recall. The analysis here probes the
robustness for the use of guild levels to classify bat echolocation calls. Bat acoustic monitoring programs
based on their functional roles can be useful to identify key or redundant species, to develop ecological
studies and to implement conservation and management plans.
The Value of Working with First Nations Communities to Discover and Monitor Endangered Bats
in Ontario
Eryk T. Matczak, Toby J. Thorne and Maria Franke
Department of Conservation and Wildlife, Toronto Zoo, Toronto, CAN

First Nations peoples in Ontario have a strong cultural link to the natural world and possess
Traditional Ecological Knowledge (TEK) stemming from generations of observation and interaction with
wildlife. Conservation researchers in Ontario have begun to incorporate TEK into conservation efforts for
wildlife such as moose and turtles. Many First Nations communities in Ontario are located in areas with
suitable habitat for bats, and many are located in the central and northern parts of the province where species
affected by white-nose syndrome (WNS) are still present in larger numbers than the south. We are working
with five First Nations communities across Ontario to gather historic and contemporary knowledge of bats.
We provided equipment and training to community members to conduct acoustic monitoring for bats, and
to monitor roosts through exit counts. In 2018, we recorded acoustic activity of endangered bats at four
communities. We located little brown myotis (Myotis lucifugus) roosts at two communities, with a
combined total of 405 individuals counted. We have found strong community interest in bats and their

Puerto Vallarta, MX

49

conservation and have trained or engaged a total of 75 community members. We found there to be strong
value in gathering TEK and working closely and respectfully with First Nations communities as a method
to conserve endangered bats. We hope to continue collaboration with communities and encourage others to
consider this two-way exchange of information.
Consumption of Spiders by Bats
Dominique Gabrielle Maucieri

Department of Biological Sciences, University of Calgary, Calgary, CAN

Myotis lucifugus, an aerial insectivorous bat, consumes spiders in low temperatures at the start and
end of the summer in the Northwest Territories, possibly due to a shortage of flying insect prey. However,
in Alaska, this species consumes spiders even during high aerial insect abundance in mid-summer. This
suggests that abundance of aerial insects may not be the factor favouring spider consumption. Instead, less
competition from gleaning bats may allow M. lucifugus to consume spiders all season. To examine this
hypothesis further, my study investigates the consumption of spiders in Alberta in two species of bats: a
gleaner (Myotis evotis), and an aerial insectivore (M. lucifugus). To better understand why bats may choose
to consume spiders in certain conditions, I am examining whether there are seasonal changes in spider
consumption by these species, how they forage for spiders, and whether these differ between the species.
When handfed spiders, most M. evotis and M. lucifugus bats readily consumed them. However, under
observation in a fight cage, both species have not been observed hunting and consuming spiders on their
own when given the opportunity. I collected fecal samples and will analyze them to determine the frequency
of spider consumption by these two species, if there is seasonality in spider consumptions, as well as the
species of spiders that are most readily consumed. Further results will be presented.
Deciphering the Bat Signal: Evaluation of Mobile Acoustic Transect Surveys on Prince Edward
Island
Tessa S. McBurney1,2, Jordi L. Segers2, Scott R. McBurney2 and Jeff C. Bowman3,4

1 Department of Biology, Trent University, Peterborough, CAN; 2 Canadian Wildlife Health Cooperative, Atlantic
Veterinary College, Charlottetown, CAN; 3 Wildlife Research and Monitoring Section, Ontario Ministry of Natural
Resources and Forestry, Peterborough, CAN; 4 Environmental and Life Sciences Graduate Program, Trent
University, Peterborough, CAN

The North American Bat Monitoring Program (NABat) developed a protocol to standardise bat
monitoring in North America due to the impacts of white-nose syndrome (WNS) on native bat populations.
The protocol includes stationary point surveys and mobile transects, and while mobile transects have been
used for bat monitoring in a range of jurisdictions, their effectiveness has varied depending on the
landscape. A study was designed to test the effectiveness of mobile transects on Prince Edward Island (PEI),
a heavily developed, agricultural province in Canada. It was hypothesised that mobile transects and
stationary point surveys have differing effectiveness at monitoring bat populations on PEI, and that the
effectiveness of mobile transects could be altered by changing the timing and type of equipment used in
these surveys. Mobile transects testing omnidirectional and directional microphones were conducted over
9 nights at 3 sites, totalling 396 km of surveys. The results showed that there was no significant difference
between the number of bat passes recorded by the stationary and mobile acoustic recorders, however, there
was a significantly higher number of bat passes recorded by the omnidirectional microphone. Additionally,
the results indicated that the number of bat passes recorded per mobile transect during the time intervals of
22:00–23:00 and 23:00–0:00 were significantly higher than those recorded during the time interval of
21:00–22:00. This study demonstrated that testing various aspects of roadside sampling methodology is
crucial for determining the best techniques for monitoring mobile at-risk species in variable habitats.
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Seasonal Patterns of Insect Migration Linked to Impacts of Bats with Wind Turbines
Gary F. McCracken1, John K. Westbrook2 and Jennifer K. Krauel1

1 Department of Ecology and Evolutionary Biology, University of Tennessee, Knoxville, USA; 2 USDA, Agricultural
Research Service, College Station, USA

Nocturnal insect migrations are ubiquitous and involve kilotons of biomass that are prey to bats
that fly to the altitudes of the insects. In temperate zone regions, insect migrations occur in spring and
autumn, but these seasonal movements of insects differ in altitude and the meteorological factors that
determine winds that support insect movements. None-the-less, these seasonal patterns are broadly
predictable, strongly determined by weather patterns, and of important concern for conservation, including
impacts of bats with wind turbines. Because many migratory insects are important agricultural pests, insect
migrations in spring have received considerable attention from agricultural researchers seeking to protect
crops by predicting pest infestations. These spring migrations are characterized by altitudinal layering of
fluxes of migratory insects at altitudes of 100’s to 1000’s of meters above ground level, which are typically
above the rotor sweep (<150 m) of contemporary industrial wind turbines. In contrast, in autumn, return
migrations of insects are driven by the southward advance of cold fronts, with migratory movements of
insects often occurring as “walls” rather than layers of insects that are moving from ground level through
the lower altitudes where winds (as well as bats and birds) are harvested by wind turbines. We argue that
these seasonal differences can explain why wind turbine fatalities to vulnerable bat species are highly
seasonal, with ~75% of fatalities in North America occurring in August through October, during the period
of fall insect migration.
Migratory Wanderings: Bat Migration at the Regional Scale
Liam P. McGuire

Department of Biological Sciences, Texas Tech University, Lubbock, USA

Migration syndromes vary across taxa but typically are comprised of common characteristics,
including (1) persistent movement over longer distances and times compared to station-keeping behaviors,
(2) straightened movements in a seasonally appropriate direction, and (3) suppression of responses to
resources or stimuli to which the organism would normally respond. Mark-recapture studies of smallbodied organisms that are rarely recaptured often lead to the impression of to-and-fro migration patterns,
based on the assumption that animals migrate according to the typical characteristics of migration. With the
recent rapid expansion of the Motus Wildlife Tracking System (motus.org) I have tracked migrating silverhaired bats (Lasionycteris noctivagans) and eastern red bats (Lasiurus borealis) at regional scales. The
Motus automated telemetry network provides more detail about individual movement patterns within a
migration season. In many cases, migrating bats travelled widely over many hundreds of kilometers,
including flights in seasonally inappropriate directions. Migration for these individuals does not follow a
simple to-and-fro pattern, but rather involves ‘wandering’ movements over large regions. Explanations for
these deviations from stereotypical migration patterns may involve thermoregulatory strategy or
social/mating system. Variation in migration patterns is interesting from the perspective of the fundamental
drivers of migration systems, and also contributes important information for assessing conservation and
management plans of migratory species.
Status of Leptonycteris yerbabuenae in Arizona
Angela L. McIntire
Arizona Game and Fish Department, Phoenix, USA

The lesser long-nosed bat (Leptonycteris yerbabuenae) was ruled to be an endangered species
throughout its range in the southwestern United States and Mexico by the US Fish and Wildlife Service in
1988. Leptonycteris yerbabuenae is a colonial roosting, nectar-feeding species that occurs in Arizona in a
limited number of roost locations seasonally from May to September. Concern over reported long-term
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population declines and absence of the species from known roosts, decline in the pollination of agaves, and
fears of the “death of an ecosystem” were among the reasons cited for listing the species. In the twenty
years following the completion of the Recovery Plan there has been a tremendous effort to obtain population
estimates and trend information, improve monitoring techniques, and understand migratory movements
within Arizona and beyond. These efforts have resulted in a better understanding of the temporal and
seasonal ecology of the bat and led to its removal, in May 2018, from the federal list of endangered and
threatened species.
What We Know About Migration of Leptonycteris: Stories from the Past, Gossip, and Current
Paradigms
Rodrigo A. Medellín
Instituto de Ecología, Universidad Nacional Autónoma de México, Ciudad de México, MEX

The lesser long-nosed bat, Leptonycteris yerbabuenae, is among the best-known species of
Phyllostomid bats. Despite the initial confusion about its taxonomic identity and nomenclature, today it is
well understood. The original idea was that these bats would migrate from central and southern Mexico
where they spent the winter, to northern Mexico and southwestern United States where they spent the
summer. One theory suggested that L. yerbabuenae would have two genetically independent migratory
routes in which some bats would fly north in the spring along the Pacific coast of Mexico, spend the summer
in the Sonoran desert, and fly south along the Pacific coast again, while other bats would fly north in the
spring along the Sierra Madre Occidental, spend the summer in the Sonoran desert, and fly south in the fall
along the Sierra Madre as well. This theory was later debunked. Then evidence surfaced that not all bats
migrated, but that mating occurred only in central and southern Mexico, with two clear-cut birth peaks, one
in the north in the summer, and one in the south in the winter. As more research was conducted in the 2000s
and the 2010s, it became clear that the species is much more plastic than previously thought, and it can
behave opportunistically, pushing the limits of its geographical and ecological distribution in every which
way whenever a new door is opened.
Culvert Use of Over-wintering Tri-colored Bats in Texas
Melissa B. Meierhofer1,2, Rachel L. Fern1, Lilianna K. Wolf2, John H. Young Jr.3, Brian L. Pierce2, Jonah
W. Evans4 and Michael L. Morrison1
1 Department of Wildlife & Fisheries Sciences, Texas A&M University, College Station, USA; 2 Natural Resources
Institute, Texas A&M University, College Station, USA; 3 Texas Department of Transportation, Environmental
Affairs Division, Austin, USA; 4 Wildlife Diversity Program, Texas Parks and Wildlife Department, Boerne, USA

The tri-colored bat (Perimyotis subflavus) is under review for listing under the Endangered Species
Act by the United State Fish and Wildlife Service and is listed as a species of greatest conservation need
by the Texas Parks and Wildlife Department due to population declines caused by white-nose syndrome.
Previous studies have documented colonies of over-wintering tri-colored bats using box culverts in Texas.
Our objective was to understand and quantify which structural and environmental factors best explain
culvert use of over-wintering tri-colored bats in Texas. We surveyed 208 culverts in Texas for tri-colored
bats during the winter of 2016–2018 and recorded environmental and structural features at each site. Of the
208 culverts, we documented 42 occupied by tri-colored bats. We used mixed models to identify which
culvert features best explained utilization of winter-roosting tri-colored bats. Variable selection indicated
drivers for abundance and presence were not identical. However, we determined that maximum length (m)
was the strongest positive correlate for tri-colored bat presence and abundance. We present important
structural and environmental characteristics that influence tri-colored bat presence and abundance. With the
recent petition to list the tri-colored bat on the threatened or endangered species list, there is a need to
further investigate the potential susceptibility to WNS of culvert-roosting bats at more southern latitudes
for local and regional planning efforts.
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From Morphology to Genes: Adaptations to Migration in Tequila Bats
Angelica Menchaca1, Rodrigo A. Medellín2 and Gareth Jones1

1 School of Biological Sciences, University of Bristol, Bristol, GBR; 2 Instituto de Ecología, Universidad Nacional
Autónoma de México, Ciudad de México, MEX

Across a range of organisms, related species or even populations exhibit strikingly different scales
and patterns of movement. Animal migration requires adaptations in morphological, physiological, and
behavioural traits. Wing shape is an informative predictor of flight performance and can be used to infer
ecological traits such as habitat use and migratory ability. A significant proportion of phenotypic variance
in migratory traits is genetic but the genes involved in shaping these phenotypes are still unknown. The
tequila bat (Leptonycteris yerbabuenae) exhibits partial migration within its northern and southern
populations. Here I used traditional morphometrics of 13 linear measurements and geometric
morphometrics of 15 landmarks to reveal significant variation in wing traits across three populations with
different migratory strategies. The data unveiled signatures of sexual dimorphism and geographical
variability in wing size and shape related to migratory behaviour and foraging strategies. Next, I used nextgeneration sequencing to compare brain and blood transcriptomes of migratory and non-migratory bats and
identified differentially expressed genes (DEGs) that contribute to the migratory phenotype. Enrichment
analysis of brain revealed well represented pathways implicated in cognition, learning or memory, as well
as locomotory exploration behaviour in migratory bats. Blood analysis revealed pathways associated to
immune response-activating signals and T-cell differentiation, regulation of pathogen processes, as well as
amino-sugar metabolism. This is the first study to show wing-shape variation at the population level and to
characterise genes associated to behaviour as a result of different environmental pressures due to migration
in a mammal.
Phylogenetic Relationships and Genetic Introgression between Pteronotus fulvus and Pteronotus
gymnonotus (Chiroptera: Mormoopidae)
Aline Méndez-Rodríguez1, Ricardo López-Wilchis1, Alejandra Serrato Díaz2, Flor Rodríguez-Gómez3,
Javier Juste4 and Luis M. Guevara-Chumacero1
1 Departamento de Biología, Universidad Autónoma Metropolitana-Iztapalapa, Ciudad de México, MEX; 2
Departamento de Hidrobiología, Universidad Autónoma Metropolitana-Iztapalapa, Ciudad de México, MEX; 3
Departamento de Ciencias Computacionales, Centro Universitario de Ciencias Exactas e Ingenierías, Universidad
de Guadalajara, MEX; 4 Estación Biológica de Doñana, Consejo Superior de Investigaciones Científicas, Sevilla,
ESP

Pteronotus fulvus and P. gymnonotus are Neotropical insectivorous bats of the family
Mormoopidae, part of distribution is sympatric and distinguish between them mainly for the length of the
forearm. Recently, in the south of Mexico, bats have been observed that present intermediate morphological
characteristic between P. fulvus and P. gymnonotus, which could indicate hybridization between these two
species. From these observation, a possible genetic introgression between the two study species were
evaluated. Amplifying a fragment of mitochondrial DNA, three nuclear fragments and including GenBank
sequences (Total = 17 P. fulvus and 32 of P. gymnonotus), with these sequences phylogenetic analyzes and
haplotype networks were performed. Also, six microsatellite loci of 137 P. fulvus and 39 P. gymnonotus
were amplified, where with analyzes of Bayesian assignment were done. The nuclear phylogenetic analyzes
separated both species. However, the phylogeny and the mitochondrial haplotype network showed a
mitochondrial capture of P. fulvus in all individuals of P. gymnonotus from Mexico, Guatemala, and part
of Panama. According to the different Bayesian assignment methods used with microsatellites, two welldifferentiated groups were found K = 2 and 10 to 42 hybrids were identified corresponding to 5.7–23.9%
of the samples analyzed. The results of sequences and microsatellites indicate an asymmetric introgression
resulting from repeated reproduction events during the colonization of P. gymnonotus into Central America
and Mexico.
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Effect of Land Use Change on Bat Communities of Mexico: Implications for their Viral Richness
Citlali C. Mendoza1,2, Oscar Rico1, Heliot Zarza1, Gabriel E. García1 and Jorge Ortega2

1 Departamento de Etología, Fauna Silvestre y Animales de Laboratorio, Universidad Nacional Autónoma de
México, Ciudad de México, MEX; 2 Departmento de Zoología, Instituto Politécnico Nacional, Ciudad de México,
MEX

In the last 50 years, land use change has increased globally at an alarming rate, modifying the
composition and structure of host communities. This has led to increased contact rates between humans,
domestic animals, and wildlife, favoring outbreaks of infectious diseases. We hypothesized land use change
would alter the composition of bat communities, which would be reflected through changes in alpha and
beta diversity indexes, and its viral richness associated. Bat species were classified according to their
tolerance to the type of land use (dependent, vulnerable, and adaptable), so fitted a model of loss species
through three-time periods (1993, 2002, and 2011). Bats and viral richness were determined by the total
number of species in quadrants, conformed by a grid of 500 km2 across Mexico. The loss of bat species and
viruses over time was quantified by the nested component of taxonomic and phylogenetic beta diversity. A
general linear model was performed to explore the correlation between beta diversity of bats and the change
of their viral communities. The results showed that land use change altered the composition of bat
communities, decreasing the number of species particularly in the southeast of Mexico. However, no
significant changes were observed in viral communities. The beta diversity of the viral communities was
not explained by the taxonomic (P = 0.758), or phylogenetic beta diversity of the bats (P = 0.770). This
result could be associated with low sampling efforts on the detection of viruses from rare bat species.
Where the Bats Rest: Determinants of Hibernacula Suitability for Widespread North American Bats
Kristjan D. Mets
Department of Ecology and Evolution, Stony Brook University, Stony Brook, USA

Censuses of bats are typically carried out on known roost locations over multiple years. Long-term
records indicate that caves known to be used by hibernating bats may become abandoned and recolonized
over time. This study elucidates the environmental factors influencing hibernacula habitation by three North
American bat species (Myotis lucifugus, Eptesicus fuscus, and Myotis sodalis) across their ranges in the
continental United States. Known hibernacula sites of these species are used alongside a suite of highresolution environmental layers to construct suitability maps attuned to wintering sites. A composite model
approach using geographically-partitioned occurrence records is used to highlight areas of variability in
model results. The inclusion of environmental layers incorporating geologic and hydrologic properties is
shown to be critical for supporting suitability models through comparisons of model construction methods.
The landscape suitability maps, alongside an understanding of sources of model uncertainty, allow for the
identification of caves and structures most likely to host the focal bat species. This work is intended to
complement broader population models and provide a tool for surveying potential hibernacula sites.
Using Guano as a Noninvasive Method to Analyze Stress Levels in Free-ranging Big Brown Bats
Caylee R. Miller and Bryan D. Arnold
Department of Biology, Illinois College, Jacksonville, USA

Prolonged circulation of stress hormones can be detrimental for individual health and reproductive
success; therefore, monitoring stress levels in wild animal populations is important for conservation.
Conventional methods of measuring stress hormones in wild populations includes taking blood samples
from captured individuals, which can cause stress and undue harm. Recently, studies have shifted to a
noninvasive method by extracting hormone metabolites from fecal samples. While this method is
established in larger mammals, it has not been tested extensively in bats. The goal of this study was to
examine corticosterone metabolites from guano collected from reproductive, female big brown bats
(Eptesicus fuscus) and validate the effectiveness of this method by comparing our results to previous studies
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where corticosterone levels were measured via traditional methods. Bats were captured using mist nets
placed outside a maternity roost at Siloam Springs State Park, Illinois at three specific time periods: when
bats were pregnant, lactating, and post lactating. Guano samples were stored in 1.5 mL microcentrifuge
tubes with 95% ethanol in a -80°C freezer until extraction. Corticosterone metabolites were extracted, and
an enzyme immunoassay kit was used to estimate hormone metabolite concentrations. Results indicate
hormone levels changing at different points in the reproductive season with the highest concentrations
found during lactation, followed next by pregnancy, then post lactation. This supports the hypothesis that
increased maternal investment has a positive correlation with increased baseline stress levels, as previous
studies have shown, and thus offers validity to the method of assessing baseline stress hormones from
guano.
Conservation of a Colony of Nyctinomops laticaudatus in Uxmal, Yucatan, through Socioenvironmental Perceptions
Lorena Miranda-Cruz1, Jorge Ortega1 and Xavier López Medellín2

1 Laboratorio de Bioconservación y Manejo, Escuela Nacional de Ciencias Biológicas, Instituto Politécnico
Nacional, Ciudad de México, MEX; 2 Departamento de Manejo de Recursos Naturales y Educación Ambiental,
Centro de Investigación en Biodiversidad y Conservación, Universidad Autónoma del Estado de Morelos, Morelos,
MEX

There is a colony of Nyctinomops laticaudatus inside the Mayan Ruins of Uxmal, it is believed that
these organisms damage the structure with feces depositions, so it has been thought that their exclusion,
this idea based on the bad perception of bats and unknowledge of the environmental services they provide.
The socio-environmental perceptions help us to understand the way in which people perceive the
environment, this is important to start the resignification of the importance of the bats, so the objective of
this research was to assess the socio-environmental perceptions of the visitors to the zone about these bats.
We proposed guidelines for establishment of an environmental education program. Mixed opinion surveys
were applied to a sample of domestic and foreign visitors. The obtained responses were categorized and
analyzed using the Ordinary Least Squares Test of Gretl (Gnu Regression, Econometrics and Time-series
Library) program. An informative flyer on the importance of these bats and its potential conservation was
elaborated and provided to visitors. We obtained 323 surveys, most visitors believed that bats are important
in the area, so they should be preserve, besides considering interesting and enjoyable its presence. Statistical
analysis indicated that conservation will be determined by the following function: Conservation = β0 + β1
Age + β2 Knowledge + β3 Feeding + β4 Diseases + β5 Anthropogenesis + β6 Extinction + β7 Information
+ ɛ. The socio-environmental perceptions were positive, so it is feasible the acceptance and participation of
visitors of Uxmal in a future environmental education program.
“Stress” Compromises the Normally Benign Virus-bat Relationship Leading to Increased Viral
Replication
Vikram Misra1, Arinjay Banerjee1, Sonu Subudhi1, Caleigh Gerow1, Noreen Rapin1 and Darryl Falzarano1,2

1 Bat Zoonoses Laboratory, Department. of Microbiology, Western College of Veterinary Medicine, University of
Saskatchewan, Saskatoon, CAN; 2 Vaccine and Infectious Disease Organization-International Vaccine Centre,
University of Saskatchewan, Saskatoon, CAN

In recent years several viruses that cause no obvious ill effects in their natural bat hosts have spilled
over into other animals, including man, causing serious and often fatal disease. While much is known about
these viruses, most of the information is from their interaction with the spillover hosts or with surrogate
laboratory animals. Little is known about bat-virus relations that may have evolved over millennia. We
have examined the relationships of North American brown bats with herpes and corona viruses that we
have isolated or detected in them. We have explored the hypotheses that bat viruses in their natural hosts
cause long-term, low grade persistent or latent infections and that a variety of stressors upset the delicate
virus-bat relationship leading to increased virus shedding. Our methodology involves preliminary
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molecular characterization of virus-host interactions in cultured bat cells followed by validation of our
findings in wild-caught (and non-invasively sampled) or experimentally-infected animals. We have found
that in contrast to their infection of human cells, coronaviruses are unable to suppress innate anti-viral
responses in bat cells leading to low levels of replication and long-term persistence. Knocking down innate
responses in these cells leads to enhanced viral replication and cell death. We have also found that many,
if not all, bats are persistently infected with corona and gamma herpesviruses. Suppression of innate
responses due to secondary infections, or the stress of emerging from hibernation, suppresses innate
responses leading to reactivation of increased viral replication.
Eastern Red Bat Habitat Selection in Areas with Different Land Use Histories in Southeast Ohio
Maria N. Monarchino and Joseph S. Johnson
Department of Biological Sciences, Ohio University, Athens, USA

The eastern red bat is experiencing population declines prompting concern from wildlife stewards
and managers. To provide these groups with recommendations for improving habitat for this species on its
summer range, we investigated capture rates and day-roost habitat at two locations in southeastern Ohio
with different land use histories. We mist-netted 65 nights and tracked 46 adult eastern red bats (male = 22,
female = 24) to their day roosts on a state dedicated nature preserve and a recently reforested coal mining
property during the summers of 2016–2018. Capture rates differed between sites, with 1.14 male and 0.6
female bats/night captured at the nature preserve, and 0.8 male and 0.2 female bats/night captured at the
reforested mine. Model rankings varied between sites but differed only slightly between sexes. A model
using diameter, difference between roost tree and canopy height, and tree species as explanatory variables
was the top model of roost tree selection for both sexes at the nature preserve. At the previously mined site,
where forest stands were typified by smaller, more numerous stems, the top model only used basal area of
trees >25 cm in diameter as an explanatory variable. Female selection was not modeled at this site due to
small sample size. These results show that habitat use in red bats is similar between males and females
during the summer months, but local habitat conditions can drive differences in selection, even within a
small geographic area. Further data collection is underway and additional analyses will be conducted.
Temporal and Diet Segregation in Bats Emerging from Santa Catalina Cavern, Matanzas, Cuba
Joel Monzón González1,2,3, Humberto Fernández Ramos1,3,4, *Melissa Donnelly1 and Alberto Clark
Rivas1,3,4
1 Proyecto CUBABAT, Matanzas, CUB; 2 Fundación Antonio Núñez Jiménez de la Naturaleza y el Hombre,
Matanzas, CUB; 3 Sociedad Espeleológica de Cuba, Matanzas, CUB; 4 Centro Servicios Ambientales, Matanzas,
CUB

Santa Catalina Cavern is a 19 km long system which contains elaborate formations and supports
approximately 3 million bats from 12 species. All these bats roost within a 2 km strip located in the warmest
section of the cave. Given the cavern has just five exits, we examined whether different species showed a
preference to which exit they used and investigated how these species avoid ‘traffic jams’ at emergence.
Survey work was completed monthly between 2014–2016 and involved placing harp traps for four hour
sampling periods (with traps being emptied at 5 minute intervals) at two of the five exits; ‘La Rampa’ and
‘Las Raíces’. At La Rampa a total of 80,722 bats from eight species were caught, with Mormoops blainvillii,
Phyllonycteris poeyi, and Pteronotus macleayi being the predominant species here. At Las Raíces a total of
3,441 bats from 10 species were caught, with Pteronotus macleayi being the most common. At both exits
different feeding guilds had clearly separated emergence periods (Insectivorous 17:00–18:00, Pollen and
Frugivorous: 18:00–19:00, and Nectarivorous: 19:00–20:00). Our results indicate that, although emergence
periods for different feeding guilds are similar at the two exits sampled, there are marked differences in
overall bat ‘traffic’ between them, as well as well-defined exit preferences for different species.
Understanding emergence patterns such as these have strong empirical applications for the conservation
and maintenance of bat populations inhabiting extensive cave systems, for example allowing rangers to
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know which exits are particularly important to safeguard against human activity or prevent being overgrown
by vegetation.
Home Range of Reproductive Myotis sodalis and Myotis septentrionalis: Comparison of Groundbased and Aerial Methods
Patrick R. Moore¹, Todd Eubank² and Tyler J. Remick¹

1 Environmental Solutions & Innovations, Inc., Cincinnati, USA; 2 Indiana Army National Guard, Edinburgh, USA

Studies designed to gather data on threatened and endangered species in the United States have
recently focused on quantifying landscape use of existing populations, rather than the typical
presence/absence approach. Landscape use data obtained via statistically verifiable methods inform and
facilitate targeted management decisions. Accordingly, our objective was to quantify home ranges of adult
female reproductive Indiana bats (MYSO) and northern long-eared bats (MYSE) at Camp Atterbury Joint
Maneuver Training Center in Bartholomew County, Indiana, using both ground-based telemetry and aerial
data collection methods. Five MYSE and 23 MYSO were radio-tagged, and both tracking methods were
implemented. Bats tracked using either method, with ≥15 independent locations, were subject to individual
analysis of home range (95% of locations) and core-foraging area (50% of locations) using a uniform
density analysis with least square cross validation. Aerial methods resulted in a subset of 14 MYSO with
≥15 locations, with a mean home range of 1,249.6 ha (SE = 159.7 ha). Four MYSE, tracked aerially, had a
mean home range of 1,136.5 ha (SE = 356.7 ha). Ground-based methods resulted in a subset of four MYSO
with a mean home range of 771.33 ha (SE = 258 ha). Two MYSE, tracked via ground-based methods, had
a mean home range of 873.7 ha (SE = 364.69). Home ranges of MYSO tracked via ground-based methods
are likely underestimated due to detection range capabilities of ground-based VHF equipment. Conversely,
MYSE home ranges are likely overestimated using aerial methods. Field methods in home range studies
may vary in effectiveness based on resources and subject species.
Activity Patterns of the Western Red Bat, Lasiurus blossevillii, in Northern California
Trevor A Moore1, Cameron Divoky1, Colleen A. Hatfield1 and *Shahroukh Mistry1,2

1 Department of Biological Sciences, California State University, Chico, USA; 2 Biological Sciences, Butte College,
Oroville, USA

Lasiurus blossevillii is a tree-roosting bat found throughout the western United States. In California,
the species is known to be present year-round in the Central Valley. However, the local seasonal migratory
patterns in the state are not well understood. The aim of this study is to examine the activity patterns of L.
blossevillii in Northern California. Using acoustic data, we acquired the activity patterns from three
different habitat types: an agricultural area in the valley at 60 m asl, canyon and ridge oak woodland at 600
m, and a pine-juniper forest at 1554 m. Long-term acoustic monitoring equipment was placed at each site
to record nightly echolocation calls of bats and the recordings were analyzed to identify species using
SonoBat software. Lasiurus blossevillii had the highest levels of activity during the months of June and
July across all three sites, with the higher elevation pine-juniper forest having the greatest activity. Both
lower elevation sites retained low levels of activity throughout the winter suggesting temperatures warm
enough for occasional foraging. The agricultural site in the valley showed a late-year increase in activity
during October and November, possibly indicative of migratory activity.
Carryover Effects of White-nose Syndrome on Spring and Summer Torpor Expression by Myotis
lucifugus
Trevor M. Moore, Andrew Habrich and Craig K.R. Willis

Department of Biology and Centre for Forest Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN

White-nose syndrome (WNS) causes hibernating bats to arouse too often in winter and use fat
reserves too quickly. Therefore, WNS survivors likely emerge in spring in poor condition making it difficult
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for females to support reproduction. Despite the importance of reproduction, little is known about activeseason energy balance, torpor expression, and reproduction of WNS survivors. Torpor saves energy but
delays offspring growth and will also delay healing from WNS-associated wing damage so quantifying
spring torpor expression could help understand recovery of bats from WNS. We studied thermoregulatory
energetics of reproductive female Myotis lucifugus at the WNS invasion front in central Canada to test the
hypothesis that carryover effects of the disease influence torpor expression of surviving females in spring.
We captured bats from a maternity colony in northwestern Ontario and assessed wing damage using the
Reichard index. We attached temperature-sensitive radio transmitters during pregnancy (June 2017, n = 13)
and lactation (July 2017, n = 13) and used a datalogging receiver to record 122 bat-days of skin temperature
data. Consistent with our hypothesis, patterns of torpor differed from those reported in the literature for
healthy pre-WNS females. Specifically, instead of the typical pattern of greater torpor expression during
pregnancy relative to lactation, pregnant females in our study used similar levels of torpor as lactating
females. This could reflect a need to defend energetically costly high body temperatures during pregnancy
to support wing healing. Our data are important for understanding the potential of survival traits to evolve
in endangered bat populations and aid population recovery.
Phylogenomic and Trait Evolution Analyses Explain the Radiation of the Most Speciose Genus of
Bats, Myotis
Ariadna Morales1,2, Bryan Carstens2 and Manuel Ruedi3

1 Department of Mammalogy, Division of Vertebrate Zoology, American Museum of Natural History, New York, USA;
2 Department of Evolution, Ecology and Organismal Biology, Ohio State University, Columbus, USA; 3 Department
of Mammalogy and Ornithology, Natural History Museum of Geneva, CHE

Convergent evolution, the independent development of the same trait in different taxa, is a common
process in nature that raises questions regarding the processes driving repeated adaptations. Here we study
from phylogenetic and biogeographic perspectives questions related with the parallel evolution of
phenotypic traits, using as a model system the genus Myotis, the most numerous group of bats, found
worldwide, in which three ecomorphs seem to have evolved repeatedly in several biogeographic regions.
We analyzed genomic and morphological data of nearly 90% of all living Myotis taxa to estimate species
relationships and divergence times and identify patterns of trait evolution potentially linked to geological
and biogeographic events. Our results based on ultraconserved elements (UCEs) suggest changes in the
currently known phylogenetic relationships of the New and Old World clades. Our results imply that the
origin of this genus could have taken place at least 13–20 millions of years (My) earlier than previously
suggested. Our divergence time estimates suggest an earlier presence and diversification of modern Myotis
in Palearctic regions with early colonization events to the Americas and at least one re-colonization event
from the New to the Old World. We also document the ecological lability of this group by analyzing an
extensive dataset of skull characters and found similar features present in all clades. Taken together, our
results document the phylogenetic and biogeographic basis of a striking example of adaptive convergence
in one of the most successful groups of mammals.
High-throughput RNA Sequencing, de Novo Transcriptome Assembly, and Functional Annotation
in Five Tropical Bat Species
Diana Daniela Moreno-Santillán1, Edgar Guillermo Gutiérrez González1, Carlos Machain-Williams2,
Georgina Hernández-Montes3 and Jorge Ortega1
1 Departamento de Zoología, Instituto Politécnico Nacional, Ciudad de México, MEX; 2 Departamento de
Arbovirología, Centro de Investigaciones Regionales, Dr. Hideyo Noguchi, Mérida, MEX; 3 Departamento de
Bioinformática, Universidad Nacional Autónoma de México, Ciudad de México, MEX

High-throughput RNA sequencing is a powerful tool that allows us to perform gene prediction and
detection of novel transcripts. In this study we have generated whole transcriptomes from liver tissue in
five species of tropical bats classified into five different families: A. jamaicensis (F. Phyllostomidae),
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Mormoops megalophylla (F. Mormoopidae), Myotis keaysi (F. Vespertilionidae), Nyctinomops
laticaudatus (F. Molossidae) and Peropteryx macrotis (F. Emballonuridae). This is the first report of
transcriptome assembly by RNA-seq in these species, except for A. jamaicensis. HiSeq 4000 multiplex
sequencing generated a total of 403 million paired-end reads of 101 bp length, sequencing depth ranged
between 30 to 69 million paired end reads of which 99% were used for de novo assembly. De novo assembly
was performed with Trinity protocol, final non-redundant transcripts consisted of 685,849 for A.
jamaicensis, 469,620 for M. megalophylla, 456,572 for M. keaysi, 617,036 for N. laticaudatus and 634,439
for P. macrotis. We were able to recover between 65 and 75% of vertebrates single copy orthologues,
suggesting that the assembled transcriptomes have a good level of completeness. Detection of putative
orthologues and orthology grouping of proteins assigned 226,373 genes to 20,467 orthogroups, only 78
genes classified in 17 inferred orthogroups were species-specific, whilst 36.4% were shared among the five
species. In this qualitative study we ensured by several bioinformatic analyses that the new generated
transcriptomes are of good quality and sufficient completeness. In this sense, we are looking forward to
contributing to the generation of genomic database in bats, as we consider that transcriptomic data will be
of interest for future research in the evolutionary biology of these flying mammals.
A Small-scale Response of Urban Bat Activity to Tree Cover
Lauren Moretto1, Lenore Fahrig1, Adam C. Smith2 and Charles M. Francis2

1 Geomatics and Landscape Ecology Laboratory, Department of Biology, Carleton University, Ottawa, CAN; 2
National Wildlife Research Centre, Environment and Climate Change Canada, Ottawa, CAN

Bats in urban areas depend on trees, and bat activity increases with tree cover. To effectively
manage bat habitat in cities, it is important to know the distance to which tree cover most strongly influences
bats (i.e., the ‘scale of effect’). The aim of this study was to estimate the scale of effect of tree cover on bats
in Toronto, Canada. To achieve this, we measured bat activity at 52 sampling sites across the city. We then
examined the relationships between bat activity and percent tree cover measured within each of 19
landscape scales, 0.025 to 3.5 km in radius, surrounding each sampling site. We found that the scale of
effect of percent tree cover on total bat and individual species activity ranged from 0.025 to 0.25 km among
species. Our results suggest that adding or removing urban trees influences bats up to 200 m away. Urban
tree management decisions should consider the impacts to bats beyond the site of management and within
the surrounding landscape of a 200 m-radius scale.
Management of Surviving Bats, People, and White-nose Syndrome at the Caves of the Rockwood
Conservation Area
Derek Morningstar1,2
1 Myotistar, Cambridge, Ontario, CAN; 2 LGL Limited, Cambridge, Ontario, CAN

Bats have been affected by white-nose syndrome (WNS) in North America since 2006, which was
identified in hibernacula in Ontario in 2009. Although there has been precipitous decline of some species
of bats, many still persist in low numbers at hibernacula. The natural caves of the Rockwood Conservation
Area are frequently impacted by human activities at all times of the year and yet at least four species of bats
still swarm and hibernate within them. These include the big brown bat (Eptesicus fuscus), little brown
myotis (Myotis septentrionalis), eastern small-footed myotis (Myotis leibii) and tri-colored bat (Perimyotis
subflavus). Internal survey, acoustic monitoring, swarming season capture, and radio-tracking have been
conducted at the caves to better understand how and when they are used. Swarming bats have also been
swabbed for the presence of WNS. No bat protection, public education, or decontamination is currently
conducted at the caves, but a multi-agency meeting will be held to coordinate what measures (i.e. gates,
signage, public education, decontamination material) can be taken to improve the management of this
habitat for bats.
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Stress-induced Changes in Body Temperature of Lasionycteris noctivagans
Kristina A. Muise1, Allyson K. Menzies2 and Craig K.R. Willis1

1 Department of Biology and Centre for Forest Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN;
2 Department of Natural Resource Science, Macdonald Campus, McGill University, Ste-Anne-de-Bellevue, CAN

Acute stressors such as capture and handling can elicit physiological responses in endothermic
animals. One example is an increase in body temperature (Tb) commonly referred to as stress-induced
hyperthermia (SIH). For species that employ torpor, an inactive state characterized by reduced Tb and
metabolic rate, a rapid increase in Tb could be advantageous, especially in the context of escape from
predators. We quantified SIH in silver-haired bats (Lasionycteris noctivagans) because they readily enter
torpor and roost in exposed places where they could be vulnerable to predators. We tested the hypothesis
that handling stress causes SIH in three contexts: a) during the nocturnal, active phase, b) during the
inactive, normothermic phase, and c) during pronounced torpor. We used a standardized protocol in which
Tb was measured immediately upon handling, and again, after several minutes. We found that SIH occurred
for inactive, normothermic bats. Surprisingly, stress caused a reduction in Tb for bats following the active
phase and, although in the opposite direction, this rate was indistinguishable from that of normothermic
bats. As expected, we observed a large increase in Tb during rewarming from torpor following handling.
This warming rate was greater than previously reported for any torpor-using endotherm and could reflect a
tendency for silver-haired bats to roost in exposed locations that may be vulnerable to predators. This study
provides new information on SIH and illustrates the need to evaluate the hypothesis that SIH and rewarming
from torpor are influenced by predation risk and activity state.
Morphological Diversification under High Integration in a Hyperdiverse Mammal Clade
Gregory L. Mutumi1, Brandon P. Hedrick2, Liliana M. Dávalos3,4, Stephen Rossiter5, Karen Sears6 and
Elizabeth R. Dumont1

1 Life and Environmental Sciences, University of California–Merced, Merced, USA; 2 Department of Earth Sciences,
University of Oxford, Oxford, GBR; 3 Department of Ecology and Evolution, Stony Brook University, Stony Brook,
USA; 4 Consortium for Inter-Disciplinary Environmental Research, School of Marine and Atmospheric Sciences,
Stony Brook University, Stony Brook, USA; 5 School of Biological and Chemical Sciences, Queen Mary University of
London, London, GBR; 6 Department of Animal Biology, University of Illinois at Urbana-Champaign, Urbana, USA

The demands of flight select for small body size in flying animals, including bats. Sensory systems
therefore occupy finite cranial space and thus there are potential trade-offs in size among sensory structures
that might evolve in highly integrated fashion within the skull. At the same time, low integration has been
linked to increased morphological diversity and speciation rates. Phyllostomid bats occupy the widest range
of dietary niches among mammals. If bat skulls are highly integrated, then why are phyllostomids so
morphologically diverse? We assessed disparity in the shapes of skulls and integration between the facial
skeleton and cranium, and how these parameters may have facilitated dietary diversity and increased
speciation within phyllostomids relative to their outgroups, which both have fewer species and are all
insectivorous. We analyzed 3D images of micro-CT scanned skulls from 141 bats across 65 species from
the families Phyllostomidae, Noctilionidae, Mormoopidae, Mystacinidae, Furipteridae, and Thyropteridae.
Phyllostomid skulls were more integrated and less disparate in shape when compared to all outgroups
combined. Shape diversity followed the diet-predicted adaptive peaks confirming the well-established link
between diet and the diversification of phyllostomids. The changes in skull shape and feeding style within
phyllostomids are driven by relatively simple changes in the length and width of the rostrum. The tight link
between rostrum shape and diet allows their highly integrated skulls to exhibit such functional diversity.
This finding provides one of the best empirical examples of how even highly integrated structures can allow
unique morphologies and spur adaptive radiations.
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Identifying Immune Response to White-nose Syndrome in a Resistant Bat Species (Eptesicus fuscus)
Keslie S. Naffa-Wack and Tom E. Tomasi
Department of Biology, Missouri State University, Springfield, USA

Since its arrival in 2006, white-nose syndrome (WNS) has had a devastating impact on bat
populations in North America. Bats affected by WNS appear to die of starvation, possibly due to the
increased metabolic costs, and fat reserve depletion due to immune system activation. During hibernation,
mammalian immune systems are generally suppressed; however, once they are exposed to the responsible
agent of WNS, Psuedogymnoascus destructans (Pd), the immune system seemingly produces a partial
response. Nonetheless, not all bat species are susceptible to this syndrome. Big brown bats (Eptesicus
fuscus) have experienced relatively little mortality since the WNS debut, raising the question of how/if their
immune system combats this pathogen. To investigate whether infected bats change their use of energy
(fat), bats were inoculated with Pd and meloxicam (an immune suppressant). Metabolic rates (MR) were
measured as O2 consumption during torpor, and arousals were monitored via temperature-dependent
dataloggers. It has been shown that a greater change in mass corresponds to an increased level of arousals
and arousal duration during hibernation. Survival rates between treatment groups were also significant.
Photos of wing damage were taken via UV, showing extensive deterioration among inoculated individuals.
Immune responses were measured by cytokine levels from blood and wing tissue from each bat before,
during, and after hibernation using RT-qPCR. Assays for this aspect are currently being designed. With this
knowledge, we hope to better understand how Pd affects this species of bat and compare the evidence to
susceptible species as this disease continues to spread westward.
Susceptibility of Tri-colored Bats Using Alternate Winter Roosts to White-nose Syndrome
Blaise A. Newman1, Susan C. Loeb2 and David S. Jachowski1

1 Department of Forestry and Environmental Conservation, Clemson University, Clemson, USA; 2 USDA Forest
Service, Southern Research Station, Clemson, USA

The causative fungal agent of white-nose syndrome (WNS), Pseudogymnoascus destructans, can
grow at temperatures as low as 2°C and as high as 19.5°C, with maximum growth rates occurring between
12.5°C and 15.8°C. Therefore, to assess a bat populations’ susceptibility to WNS, an understanding of
winter torpor patterns and roost conditions are needed. Tri-colored bats (Perimyotis subflavus) use alternate
roosts (e.g., tree cavities, bridges, foliage) during winter in parts of their range, but information regarding
torpor patterns and the environmental conditions of these roosts is lacking. From November 2017 to March
2018, we measured skin temperature (Tsk) of tri-colored bats at the Savannah River Site in south-central
South Carolina, an area devoid of caves or mines, using temperature-sensitive radio-transmitters. We also
measured ambient temperature (Ta) and roost temperature (Tr). In addition to three bridge roosts, we
tracked individuals to 18 tree roosts (14 cavity roosts, 4 foliage roosts). Mean Tr was amenable to WNS
growth in both bridge (13.1°C) and cavity (11.2°C) roosts although Tr was >19.5°C on numerous
occasions. Bats were susceptible to WNS (Tsk <19.5°C) 61%–95% of their total transmittered time. Torpor
bout duration varied considerably with a minimum of 21.1 hours to a maximum of 9.6 days. Torpor depth
increased as minimum Ta decreased, and foliage roosting bats displayed significantly greater torpor
heterothermy than cavity or bridge roosting bats (P <0.001). Preliminary results indicate tri-colored bats
utilizing alternate winter roosts experience varying degrees of WNS susceptibility dependent upon roost
structure and ambient temperature.
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Climate Change and the Impact of Hurricanes on the Survival of Bats on Small Islands
Natalie A. Nieves1 and Armando Rodríguez-Durán2

1 Natural Sciences, Interamerican University of Puerto Rico, Bayamón, PRI; 2 Natural Sciences, Interamerican
University of Puerto Rico, Bayamón, PRI

Climate change has been identified as one of the major challenges for the survival of bats. Few
studies address the issue in the Neotropics where tropical hurricanes typically move westward towards the
West Indies. An expected outcome of climate change is an increase in hurricanes’ strength. This increase
in the intensity of tropical cyclones has taken its toll on bat survival. The island of Puerto Rico has received
the impact of two catastrophic hurricanes within the last 19 years. The impact of category 3 hurricane
Georges in 1998, which resulted in the widespread mortality of phytophagous bats, and the category 4
hurricane Maria in 2017. We performed post-María monitoring at four localities where bats had been
studied before the hurricane, including one location studied before and after hurricane Georges. The results
revealed high mortality and reduced body mass of phytophagous species. Some differences are observed
with respect to mortality rates after hurricane Georges in terms of the species affected. After Georges, the
phyllostomids Monophyllus redmani and Erophylla bombifrons represented, respectively, 38% and 60% of
the fatalities. After Maria, M. redmani represented 40%, E. bombifrons 6% and Brachyphylla cavernarum
53% of the fatalities. Furthermore, hurricane Maria caused floods in some localities resulting in the unusual
mortality of the insect-eating species. Bats have slow recovery rates when subjected to hurricanes. The
reduction in population size and body mass reported here, have important implications for the survival of
species on small islands, especially if the frequency and strength of hurricanes increases.
Fecal Glucocorticoid Metabolite Assays: A Tool for Little Brown Myotis Conservation in a Whitenose Syndrome World
Lydia C. Olson Nixon and Erin Gillam

Biological Sciences Department, North Dakota State University, Fargo, USA

The little brown bat, Myotis lucifugus (MYLU), is facing regional extinctions from white-nose
syndrome (WNS), a deadly fungal infection of cave-dwelling bats. Disease as a stressor can lead to
chronically elevated stress hormone (glucocorticoid) levels that in turn may suppress the immune system
and negatively affect fertility, metabolism, body condition, and ultimately fitness. Among threatened
populations, tracking glucocorticoid levels to identify and mitigate negative stressors may be valuable for
conservation. Typically, transient blood glucocorticoid concentrations are assessed via invasive blood
sampling. Conversely, fecal glucocorticoid metabolite (FGM) assays are available to provide information
on an animal’s hormonal status over several hours without the need for invasive procedures. Here, I explain
the theory and methodology behind my project to validate FGM analyses for use in MYLU by completing
a standard hormonal challenge (ACTH challenge). Data collected on ectoparasites, neutrophil-tolymphocyte ratios, and other standard measures will also be analyzed for covariance with the FGM assay.
The implications of these data for MYLU conservation will also be discussed as the ultimate goal of this
research is to provide new tools to protect this vulnerable species. MYLU that survive WNS form the core
of recovering populations and must be protected. Since handling of these bats is restricted, validated FGM
assays may be valuable for using baseline stress as a proxy for overall health of a given population and for
developing effective conservation plans.
Look Before You Leap: Focus Groups Significantly Improve Instruments for Understanding Bathuman Interactions in Southern Nigeria
Benneth Obitte, Macy Madden and Tigga Kingston

Department of Biological Sciences, Texas Tech University, Lubbock, USA

To understand the complex human dimensions of bat conservation, social ecologists are faced with
the challenge of what questions to ask and how to ask them, often developing questionnaires based on
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observations, preliminary interviews, and existing instruments. This approach though employed in broad
socio-ecological contexts, provide limited exploratory value for developing effective survey instruments on
complex bat-human interaction issues in areas with intense bat hunting. Focus group – a diverse group of
people gathered to participate in a semi-structured discussion about a topic, is heavily employed as
exploratory tools in developing sociological instruments. However, it remains unclear how effective they
are in complex socio-ecological settings like bat hunting. Here, we evaluate the effectiveness of focus
groups in developing questionnaires to understand bat-human interactions in southern Nigeria. We
conducted surveys using questionnaires based on literature, observations and interviews in three localities
in southern Nigeria in 2016. A series of exploratory focus group discussions were also conducted in the
same localities in 2017. As more respondent options are suggested to provide higher resolution data, we
compared options on non-focus group based, and focus group-based questionnaires. A t-test showed that
focus group themes on bat perceptions and values significantly improved respondent options. Markedly,
although all analyzed questionnaire items had open ended options, there was no similarity between focus
group major themes used in improving respondent options and previous questionnaire open-endedresponses. These results underscore the importance of local community-specific exploratory focus group
discussions as a critical tool in bat conservation efforts.
Stable Isotope Analysis Reveals Community Structure of a Diverse Neotropical Bat Fauna in
Northern Belize
Phillip J. Oelbaum and Hugh G. Broders
Department of Biology, University of Waterloo, Waterloo, CAN

Using the stable isotope ratios of Carbon (δ13C) and Nitrogen (δ15N) to infer trophic niche breadth,
we describe the community structure of a diverse Neotropical bat fauna. Overlapping niches in isotope
space infers a shared dietary resource, which may be partitioned spatially, temporally, or are subject to
competition. While many of these animals are grouped into broad trophic guilds (sic frugivore, insectivore),
the details of their diets and the degree to which they overlap with other species remains largely unknown.
The purpose of this study is to characterize community structure of a tropical bat community to make
inference on the predictions of niche theory and the competitive exclusion principle. We predicted, (1) the
diet of bat populations would have more overlap between species within a guild than species within different
guilds, (2) no two populations’ niches would overlap completely, and (3) larger animals should have a
larger niche breadth. Inferring niche breadth using stable isotope analysis, we found that while these guilds
are informative, there are several species with niches that overlap with members of other guilds, and many
species within guilds which do not overlap with one another. There were also several species which
overlapped significantly (<95%) with one another and may compete for resources. Understanding the
trophic community structure of animal communities is fundamental to conservation and management of
endangered species and ecosystems, evolutionary studies, as well as providing insight into the diet of
species which are not well known to science.
Frugivorous Bats in Brazil’s Atlantic Forest: Effects of Habitat Fragmentation on Diet
Phillip J. Oelbaum1, Tiago S. M. Teixeira2, Elizabeth L. Clare2 and *Hugh G. Broders1

1 Department of Biology, University of Waterloo, Waterloo, Ontario, CAN; 2 School of Biological and Chemical
Sciences, Queen Mary University, London, UK

Brazil’s Atlantic Forest has a long history of anthropogenic disturbance and is one of the
most highly fragmented landscapes on Earth. These patches of remnant forest are uneven in size
and exist in different states of succession and composition; the effects of habitat fragmentation on
animal abundance, biology, and species composition are wide ranging. Using stable isotope
analysis of Carbon (δ13C) and Nitrogen (δ15N), we hope to elucidate the relationship between
habitat fragmentation and dietary niche breadth for three commonly captured species of
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Neotropical frugivorous bats; Carollia perspicillata, Artibeus lituratus, and Sturnira lilium. What
is known about these species diet is that they are all to some degree omnivorous, with insects found
in fecal and stomach content analysis studies. Understanding the relationships between trophic and
landscape metrics, we can determine if there are differences in the diet of bat populations captured
in habitat fragments of various sizes and composition as compared to those captured in contiguous
forest.
Bats and Viruses in Western Asia: A Model for One Health Surveillance Using Research Networks
Kevin J. Olival1, *Kendra Phelps1, Nisreen Alhmoud2, Keti Sidamonidze3, Lela Urushadze3, Shahzad Ali4,
Rasit Bilgin5, Luke Hamel1 and William Karesh1

1 EcoHealth Alliance, New York, USA; 2 Bio-Safety and Bio-Security Center, Royal Scientific Society, Amman, JOR;
3 Department of Virology, Molecular Biology and Genome Research, R.G. Lugar Center for Public Health Research,
Tbilisi, GEO; 4 Department of Wildlife & Ecology, University of Veterinary & Animal Sciences, Lahore, PAK; 5
Institute of Environmental Sciences, Boğaziçi University, Istanbul, TUR

Bats are critical components of ecosystems and natural reservoir hosts to zoonotic viruses, e.g.
henipaviruses, filoviruses, and SARS-related coronaviruses. However, research on the distribution of bats,
diversity of bat-associated viruses, and potential for zoonotic disease emergence is limited. We launched a
new collaborative One Health project to leverage regional expertise to fill this gap for Western Asia. Our
primary aim is to identify ecological, life-history, and environmental drivers of bat-associated viral diversity
across the region. Over the next 5 years, we will collect >20,000 non-lethal samples from bats to screen
and characterize coronavirus diversity at regional laboratories. Additionally, we will identify correlates of
increased disease risk by combining viral data with host, geographic, and environmental data. Our second
aim is to create the Western Asia Bat Research Network (WAB-Net), a regional initiative to bring together
bat ecologists and public health representatives from >12 countries to foster scientific collaboration and
strengthen regional capacity for zoonotic disease research. The WAB-Net will host annual workshops, inservice training opportunities, and One Health research exchanges to provide field-to-lab training in disease
surveillance. Since project inception (Oct 2017), we have identified key personnel in high-engagement
countries (Georgia, Jordan, Turkey, and Pakistan); established standardized protocols for biosafety
practices and non-lethal bat sampling; identified field sites; collected viral samples in Turkey and Georgia;
and hosted the first annual WAB-Net meeting in Georgia. Our model is both cost-effective and sustainable
because it leverages existing, regional expertise in wildlife research and laboratory diagnostics for One
Health surveillance.
Building Better Genomes
Devon O’Rourke1, Matt MacManes1 and Jeffrey T. Foster2

1 Department of Molecular, Cellular, and Biomedical Sciences, University of New Hampshire; 2 Pathogen and
Microbiome Institute, Northern Arizona University

Third generation sequencing tools have enabled economical and swift non-model organism genome
sequencing. Yet with about a thousand species of bats worldwide, just over a dozen have any meaningful
genome assembled - none with chromosome-scale contiguity. We paired a trio of sequencing technologies
to produce highly contiguous genomes for two Mytois speices impacted by white-nose syndrome, M.
lucifugus and M. septentrionalis. The current pipeline can be completed in a few months for under $8,000
per bat. We highlight a few of the advantages and insights that high quality genomes offer: detailed
comparative genomics to highlight species-specific profiles and refined population genetic assessments
using extended haplotype homozygosity metrics.
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Reconstructing the Genomic Diversity of a Widespread Sub-Saharan Bat Using Archival Museum
Collections
Brian P. O’Toole1, Nancy B. Simmons2 and Evon R. Hekkala1

1 Department of Biological Science, Fordham University, Bronx, USA; 2 Department of Mammalogy, American
Museum of Natural History, New York, USA

Modern phylogeographic methods have confirmed that species with broad ranges often exhibit
fine-scale patterns of genetic variation that are not reflected in their morphology. Recent genetic analyses
of the Straw-colored fruit bat (Eidolon helvum) deviate from this trend in identifying this species as broadly
panmictic. However, the limitations of sampling, along with potential for modern anthropogenic impacts
to distort observed patterns suggest that additional work is needed to assess true historical patterns of
geographic variation in this species. We used Next Generation Sequencing methods to assess patterns of
variation found in historical collections of E. helvum and E. dupreanum from the American Museum of
Natural History. Specimens collected between 1909 and 1983 were compared with published sequence data
from more recently collected tissue samples. We identified lineage-specific patterns of temporal and spatial
genomic diversity and identified potential barriers to gene flow present across the species’ range. Studies
utilizing such “archival” DNA from specimens in museum collections have the potential to illuminate
patterns of both past and contemporary biodiversity, and to help assess the impacts of habitat loss and
climate change on species at the genomic level.
The Ecology and Evolution of Information Acquisition by Predatory Bats
Rachel A. Page1 and Ximena E. Bernal1,2

1 Smithsonian Tropical Research Institute, Balboa, PAN; 2 Department of Biological Sciences, Purdue University,
West Lafayette, USA

In the evolutionary chase between predators and their prey, prey often evolve to be as cryptic as
they can, while in turn predators hone their sensory strategies to detect prey. Examinations of the sensory
strategies implemented by predators to detect their prey, as well as the ecological consequences of these
interactions, are at the crux of understanding and predicting predator-prey dynamics. Using bats as a study
system, we review the sensory strategies used by predators that attend directly to cues and signals generated
by their prey, and those that attend to the signals and behaviors of other predators. We discuss the costs and
benefits of using private versus public information, and the association of different predatory strategies with
particular features of predator sensory systems. We place bat information-gathering strategies in a
phylogenetic framework and reveal that attending to prey-emitted cues and eavesdropping on prey
communication signals are strategies that have evolved independently multiple times in roughly a third of
bat families. This pattern suggests that some lineages have traits that make them more likely to evolve such
hunting strategies. Elucidating the tradeoffs and evolutionary origins of relying on diverse sources of
information to detect prey is necessary to advance our understanding of the sensory ecology of predatorprey interactions. Here we provide an overview of the sensory ecology of hunting in bats and, by identifying
current gaps in knowledge, highlight fruitful directions for future research.
Drivers of Bat Occupancy on the Gulf Coast of Texas
Matthew C. Parker, Jacob A. Rogers and Sarah R. Fritts

Department of Biology, Texas State University, San Marcos, USA

The Texas gulf coast boasts a diverse array of habitat types, but many native habitats on which
wildlife are dependent are fragmented and shrinking from human development and climate change. Over
the next century, sea levels are predicted to rise 0.6–1.2 m, coinciding with increased precipitation of 10–
15% and more extreme weather activity on the gulf coast. Few studies have researched bats in this region
and none have examined the drivers of occupancy for high frequency (>35 kHz; HiF) and low frequency
(<35 kHz; LowF) bats. San Bernard National Wildlife Refuge (SBNWR) lies on the Texas gulf coast and
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is dominated by saline prairie, upland prairie, and bottomland hardwood forest. The objective of this study
was to identify drivers that influence the occupancy of HiF and LowF bats on the SBNWR. We monitored
bats using Pettersson D500x acoustic devices from May to August 2018. We surveyed 18 upland prairie,
21 saline prairie, and 26 bottomland forest sites and collected 514,241 call files. The drivers we examined
were salinity, insect abundance and diversity, forest stand size, and vegetation structure. We sampled
invertebrates using Townes-style malaise traps, collecting over 10,000 insects with the most abundant
orders being Lepidoptera, Hemiptera, and Diptera. We predicted that occupancy would be greatest in
bottomland hardwood forest and lowest in saline prairie habitat, with increased salinity levels and low insect
diversity being the most influential drivers negatively impacting bat presence. We will continue to monitor
bat occupancy on the SBNWR during summer 2019.
Vocalizations of Molossus rufus at Emergence in Different Social and Environmental Contexts
Lucio Perez-Perez1, Rafael Avila-Flores1, Veronica Zamora-Gutierrez2 and M. Cristina MacSwiney3

1 División Académica de Ciencias Biológicas, Universidad Juárez Autónoma de Tabasco, Villahermosa, MEX; 2
Consejo Nacional de Ciencia y Tecnología, Centro Interdisciplinario de Investigación para el Desarrollo Integral
Regional-Unidad Durango, Instituto Politécnico Nacional, Ciudad de México, MEX; 3 Centro de Investigaciones
Tropicales, Universidad Veracruzana, Xalapa, MEX

Urban landscapes impose additional challenges to microbats, which strongly rely on vocalizations
for orientation, food detection, and communication. To improve their perceptual abilities, bats can adjust
vocalizations depending on the task to be performed and the environment. In this work, we determine
whether individuals of Molossus rufus adjust the attributes of their vocalizations in relation to the social
context and some environmental variables which reflect the challenges of the urban environment. We
selected 16 roosts in the city of Villahermosa, Tabasco, Mexico, which represent a wide range of
environmental conditions. We recorded vocalizations of bats at dusk emergence 10-m away from the roost
entrance on three non-consecutive days. We simultaneously counted the number of individuals leaving the
roost and recorded air temperature, relative humidity, noise level, light intensity, and number of mobile
objects (vehicles and persons) in the roost proximity. We obtained 25 hours of recordings, in which we
identified 10,700 call sequences: 6,800 social call sequences and 3,900 echolocation passes (4–5 pulses per
pass). We identified 15 types of social vocalizations and 5 types of echolocation vocalizations based on its
form in the spectrogram. In general, pulses from sites with more obstacles were dominated by FM
components and exhibited shorter interpulse interval and greater amplitude. Higher frequencies allow M.
rufus to exploit relatively cluttered sites, while lower frequencies allow them to detect objects from longer
distances in open spaces. The ability of M. rufus to adjust its vocalizations could be a key to understanding
its high tolerance to urbanization.
Assessing the Genetic Variability of the Mexican Long-nosed Bat Using Microsatellite Markers
Roxanne D. Pourshoushtari and Loren K. Ammerman

Department of Biology, Angelo State University, San Angelo, USA

The Mexican long-nosed bat (Leptonycteris nivalis) is an endangered migratory nectarivore that
has been suspected of experiencing population declines. It is important to assess the genetic variability of
species of conservation concern, because those with lower levels of genetic diversity tend to have decreased
adaptive potential. We selected 24 microsatellite markers designed for the lesser long-nosed bat (L.
yerbabuenae) to test their effectiveness in L. nivalis. Ten loci have successfully amplified DNA from
individuals of L. nivalis, captured at both the northernmost and southernmost extent of the range. Of those
ten, six have been genotyped in 111 individuals from both roost sites. Two loci were almost entirely
monomorphic and each had a homozygote excess. One locus showed null allele frequencies of 0.1523 and
0.2199 in the northern and southern populations, respectively. Three loci were determined to deviate from
Hardy-Weinberg Equilibrium after a sequential Bonferroni correction. No genotypic linkage disequilibrium
was detected between any of the loci. Observed heterozygosity ranged from 0.017 to 0.886 across the six
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different loci. Preliminary analyses using these loci suggest low population differentiation (Fst = 0.008)
and a lack of genetic structure, which is supported by previous genetics studies on L. nivalis. The
contemporary effective population size was estimated from microsatellite linkage disequilibrium to be
3861, with a 95% confidence interval ranging from 264 to infinity. The inclusion of infinity suggests the
results from these six markers designed for L. yerbabuenae may be unreliable and additional loci should be
screened for further analysis.
Body Size and Call Frequency as Predictors of Bat Activity in Harvested Forests
Lisa E. Powers1, Christopher Hauer1, David McNaughton2, Shannon Henry2, Timothy Haydt2 and Brent J.
Sewall1
1 Department of Biology, Temple University, Philadelphia, USA; 2 Pennsylvania Department of Military and
Veterans Affairs, Fort Indiantown Gap National Guard Training Center, Annville, USA

As the list of endangered bat species grows longer, it becomes apparent that conservationists need
to consider the varying effects of habitat management practices on multiple species. For example, selective
tree harvest is a management practice that should affect clutter-specialized bats differently than bats that
hunt in open areas. Generally, smaller-bodied, higher-call frequency bats tend to forage in more cluttered
areas, and therefore may be negatively affected by selective harvest. We conducted a two-year study of the
effects of selective harvest on nightly bat activity. The purpose of our study was to determine whether body
size or call frequency predicted habitat use for six species: Eptesicus fuscus, Lasionycteris noctivagans,
Lasiurus borealis, Lasiurus cinereus, Myotis leibii, Myotis septentrionalis. We conducted the study
immediately following selective harvest in spring 2017, then repeated the study in 2018 to determine
whether effects persist across years. We used acoustic sampling to compare bat activity in selectively
harvested forest plots to adjacent unthinned plots. We recorded for three nights each year at each location
and analyzed calls with Sonobat. We included the following predictors in our generalized linear models of
bat activity: harvested vs. unthinned, study year, stand basal area, stem count, and distance to water. We
used Akaike Information Criterion to select the best model to explain bat activity for each species. Our
models indicate that both body size and call frequency usually predict the effects of selective harvest, with
the exception of M. leibii.
Roost Ecology of Leptonycteris yerbabuenae (Phyllostomidae) in El Colorado Bay, Sonora
Estefanía Ramírez-López1, Francisco Molina Freaner2, Cristina Peñalba1, Florentino Garza1 and Angélica
Menchaca3
1 Universidad de Sonora, Hermosillo, MEX; 2 Estación Regional del Noroeste, Universidad Nacional Autónoma de
México, Hermosillo, MEX; 3 University of Bristol, Bristol, GBR

The lesser long nosed bat Leptonycteris yerbabuenae is a migratory species specialized in the
consumption of nectar, pollen and fruits of columnar cactus, agaves, and ceibas. Bats migrate from central
Mexico to the Sonoran Desert. Along the migratory route, these populations congregate and form transient
roosts that they use for short periods of time, before arriving at the maternity roosts. Because of the lack of
information about L. yerbabuenae through the migratory route and because of the importance of roosts
during their maternity period, this work describes the use of a roost used by a L. yerbabuenae population,
in Bahia El Colorado, Sonora. We visited the roost from March to October in 2015 where we took
topographic measures to create two maps of the insides of the roost. We put temperature sensors to describe
the internal microclimate of the roost, also we estimated the population size of L. yerbabuenae and we
analyzed the diet of this population, by identifying and counting of seed and pollen grains from their guano.
This roost has an extension of 72 meters, and a medium temperature of 29.6 and 27.9 ºC. The biggest
number of individuals (1000) was registered in April. This population feeds on organ pipe (Stenocereus
thurberi) and its nectarivorous diet consists of 86% of pollen from columnar cacti and 7% of pollen from
agaves. This is a roost that pregnant L. yerbabuenae individuals used on their migratory route before
arriving at their maternity roost.
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Heavy Metal Concentrations in Tadarida brasiliensis from Zones with Different Conditions of
Human Intervention, Central Mexico
Daniel Ramos Huapaya1, Rodrigo A. Medellín1, Ofelia Morton Bermea2, Joaquín Arroyo Cabrales3 and
Jorge E. Schondube4

1 Instituto de Ecología, Universidad Nacional Autonóma de México, Ciudad de México, MEX; 2 Laboratorio de
Espectrometría ICP-MS, Instituto de Geofísica, Universidad Nacional Autónoma de México, Ciudad de México,
MEX; 3 Laboratorio de Arqueozoología, Subdirección de Laboratorios y Apoyo Académico, Instituto Nacional de
Antropología e Historia, Ciudad de México, MEX; 4 Laboratorio de Ecología Funcional para el Manejo de
Ecosistemas, Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autónoma de
México, Morelia, MEX

Metal pollution has notably increased in the atmosphere, and little is known about its accumulation
in bat tissue. Thus, it is important to carry out comparisons of the exposure of bat populations according to
different conditions of human intervention. We aimed at determining concentration of vanadium, copper,
zinc, cadmium, and lead, in liver tissues of insectivorous bats from two parts of Mexico City, at North and
South, and two rural landscapes, called Tequixquiac and Tlalcozotitlán. We hypothesized that there is a
pollution gradient, with higher metal concentrations in urban bats than rural ones. We collected 70 bats and
their liver samples were analyzed for total content of metals by a Inductively Coupled Plasma-Mass
Spectrometry technique. Metal concentrations ranged for vanadium: ≤0.73 ppm; copper: 10.8–41.5 ppm;
zinc: 41.6–168.5 ppm; cadmium: 0.08–1.63 ppm; and lead: 0.02–2 ppm. Urban bats had high copper and
zinc concentrations, which were associated with motor vehicle traffic. All metal levels on urban bats were
similar, indicating that they were exposed to similar metal levels within the city. Tequixquiac’s bats had
the highest vanadium concentrations, which could be associated to fossil fuel combustion probably from
the emissions of Tula industry complex. Tlalcozotitlán’s bats had higher cadmium levels, which could come
from fertilizers used in agricultural areas. Lead concentrations were similar for all bat populations. Lead
was banned decades ago but this finding could be related to this metal still being widely distributed in the
environment. Each bat population is affected by different sources, suggesting there’s not a single pollution
gradient or source.
Multispecies Occupancy to Assess Foraging Habitat of Bats Across Marin County Open Spaces
Gabriel A. Reyes1, Catey D. Ritchie2, Elizabeth M. Edson2 and Brian J. Halstead1

1 USGS Western Ecological Research Center, Dixon, USA; 2 Golden Gate Parks Conservancy, San Rafael, USA

Bat species distributions are affected by landscape level and microhabitat features that operate on
many scales. Understanding habitat characteristics that drive species richness of bats or restrict habitat
suitability for certain species may provide for opportunities to improve habitat management for bats. We
conducted a multi-species occupancy study across lands managed by four open-space agencies in Marin
County, CA, where 13 bat species potentially occur. During the summer and fall of 2017, we placed acoustic
detectors (Pettersson D500x) at 50 randomly selected points across the study area, for at least 7 nights per
location, to examine bat occupancy in relation to landscape-level and microhabitat covariates. We recorded
all 13 species, with some widespread across all sites and habitat types (e.g., Myotis californicus and
Tadarida brasiliensis) and others very restricted (e.g., M. evotis). Detection probabilities and occupancy
varied by both species-specific characteristics (e.g., call intensity and frequency) and habitat covariates
(e.g., vegetative clutter and broad habitat type). Understanding the distributions of bat species in relation to
habitat features can inform habitat management actions to support individual species, guilds, or overall
species richness across the region, and multi-species occupancy analysis provides a powerful tool to
examine the relationship between habitat covariates and bat distributions using acoustic monitoring.
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The Role of Nectarivorous Bats in the Pollination of Agave tequilana in Three Municipalities of
Jalisco
Marco Antonio Reyes-Guerra, Marisol Martínez Bautista, Roberto Emiliano Trejo-Salazar and Rodrigo A.
Medellín
Instituto de Ecología, Universidad Nacional Autonóma de México, Ciudad de México, MEX

Agaves are very important in arid and semiarid regions because they produce plentiful resources
during its flowering, attracting lots of visitors like insects, birds, and bats that feed on their nectar and
pollen. Agave tequilana, the species used to produce tequila, faces problems because it is propagated only
by clonal shoots causing loss of genetic diversity, which in turn makes it vulnerable to diseases. Tequilaproducing Agave tequilana fields were visited in the municipalities of Tototlan, Arenal, and Arandas in the
state of Jalisco. In each field two 6-meter-long mist nets were placed for 5 nights around two inflorescences
from 20:00 to 6:00 to capture and identify floral visitors. Also, in each field ten different inflorescences
were filmed for 24 hours. Pollen samples were taken from the feces and bats’ fur to identify the plant species
from which they feed. We performed an interaction network analysis. From the videos, the number of bats
visiting per hour was obtained, and Kruskal-Wallis tests were carried out. The activity patterns were also
analyzed and compared between the 3 fields. Arenal field had the greatest richness of bat species and the
greatest abundance. In the three fields more than 90% of the visits were of insects. However, the visits of
bats coincided with the production of nectar and pollen. The activity patterns were significantly different
in the 3 fields. We confirm that there is a close relationship between nectarivorous bats and Agave tequilana,
bats feed on their nectar and pollinate it at the same time.
A New Species of Fossil Bat of the Genus Icaronycteris from the Green River Formation (Eocene)
Tim B. Rietbergen1,2, Lars W. van den Hoek Ostende2 and Nancy B. Simmons1

1 Department of Mammalogy, American Museum of Natural History, New York, USA; 2 Department Next Generation
Biodiversity Discovery, Naturalis Biodiversity Center, Leiden, NLD

Although many well-preserved specimens of fossil bats have been collected from the early Eocene
of the Green River Formation of Wyoming over the past 70 years, only two nominal bat species have been
described from this horizon: Icaronycteris index (Jepsen, 1966) and Onychonycteris finneyi (Simmons et
al., 2008). A new fossil species of the genus Icaronycteris shows a higher bat diversity during the early
Eocene than previously presumed. This new species, recently recovered from the Sandwich Beds of the
South Dempsey Quarry in southwest Wyoming, stands out by its smaller size, but also differs from other
Eocene bat species in an array of anatomical details. Wing anatomy shows this new bat was capable of
powered flight, but wing shape and limb proportions indicate a more fluttering flight style than displayed
by I. index. The phylogenetic relationship of this new bat is estimated based on phylogenetic analyses with
an inclusion of fossil taxa, based on 699 characters. Comparative analyses of linked evolutionary and
functional characters of this new bat support the hypothesis of a rapid radiation of bats during the early
Eocene.
Skin Secretions May Provide Bats with Innate Immune Defenses Against Pseudogymnoascus
destructans
Gabriela E. Rios-Sotelo1, Diana Northup2, Debbie Buecher and Jamie L. Voyles1

1 Biology Department, University of Nevada, Reno, USA; 2 University of New Mexico, Albuquerque, NM, USA

White-nose Syndrome is an emerging infectious disease that has devastated bat populations in
North America. The disease is caused by the lethal fungal pathogen Pseudogymnoascus destructans
(commonly called “Pd”). Although there are different responses to infection among bat species, the
underlying mechanisms that lead to interspecific susceptibility are unknown. In many mammals, the innate
response is the “front line” of defense against infectious pathogens and can include a diversity of nonspecific antimicrobial capabilities. In particular, mammals defend against cutaneous fungal pathogens with
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skin bacteria and chemical secretions that are released from epidermal glands at the skin surface. Skin
secretions contain antimicrobial peptides (AMPs), which may inhibit colonization and growth of infectious
pathogens such as Pd. We hypothesized that different species may have a diversity of AMPs in their skin
secretions that differentially inhibit Pd growth. To test this hypothesis, we collected skin swab samples of
the wing surface from multiple bat species in several critical hibernacula of New Mexico to test their ability
to inhibit Pd growth in in vitro challenge assays. We found that skin secretions from different bat species
vary in their effectiveness at limiting Pd growth. These results suggest that we may be able to characterize
skin secretions to determine which bat species could be more susceptible to White-nose syndrome prior to
arrival of the pathogen. This information may help guide management and conservation management
decisions for bats facing the threat of White-nose syndrome.
What do Restored Patches Offer to Bats?
Edith Rivas-Alonso1, Ariled Z. González-Cerezo2, Vinicio Sosa-Fernández3 and Cristina Martínez-Garza4

1 Doctorado en Ciencias Naturales, Centro de Investigación en Biodiversidad y Conservación-Universidad
Autónoma del Estado de Morelos, Cuernavaca, MEX; 2 Facultad de Ciencias Biológicas, Universidad Autónoma
del Estado de Morelos, Cuernavaca, MEX; 3 Red de Ecología Funcional, Instituto de Ecología A.C., Veracruz,
MEX; 4 El Centro de Investigación en Biodiversidad y Conservación Universidad Autónoma del Estado de Morelos,
Cuernavaca, MEX

Ecological restoration aims to accelerate the process of natural succession. Restoration plantings
represent maximum restoration intervention whereas exclusion of disturbance is considered minimal
restoration intervention. The general objective of this work is to evaluate the effect of the level of
intervention on the availability of food or refuge for bats. The experiment was established in 2006 in Los
Tuxtlas, Veracruz, Mexico in 24 30 X 30 m plots: eight plots were planted with animal dispersed tree
species, eight plots were planted with wind dispersed species and the remaining eight plots were excluded
from the disturbance. The availability of food for bats was measured in 18 plots only. To sample bats, two
mist nets of 12 m were set in the 18 plots during 2 nights per plot in the periods when trees are producing
flowers of fruits. Results revealed that all levels of intervention have a similar composition of trees, which
offer food for bats. After a first year of sampling, with a capture effort of 16,800 m/h/net, 290 individuals
of 16 bat species were captured. The planting of animal dispersed trees has the highest number of bat
captures (154 bats) whereas the lowest abundance was recorded at the minimum intervention (60 bats).
Therefore, it seems that the maximum intervention level is attracting more bats by offering not only food
but also refuge.
Bats in the City: An Environmental Education Project
Nayelli Rivera Villanueva1,2

1 BIOSFERA A.C., Monterrey, MEX; 2 Universidad Autónoma de Nuevo León, Monterrey, MEX

Environmental education is an essential multidisciplinary component in conservation efforts,
especially for taxa facing negative human perceptions such as bats. In the industrial city of Monterrey,
Mexico the bats are usually forgotten. Mexico lacks environmental education and citizen science programs,
especially in big cities like Monterrey, to raise awareness on the importance of biodiversity. To increase
awareness and sensitize the human population on the importance of bats and their ecological services, we
created the project “Bats in the City”. We installed 10 bat houses and gave conferences to governmental
institutions, elementary and high schools, and visitors of protected areas. Two bat houses have been
permanently dwelled and three temporarily. We also organized a “Bat Night” at the Ecological Park La
Huasteca, where, with a thermal camera and bat detectors, people were taught about bats. Interviews,
videos, and talks on the radio are constantly broadcast in media throughout the state. In order to bout the
gap in environmental knowledge is important to begin with kids. We applied 3 semi-structured
questionnaires to 30 kids between 6–12 years old, before and after our intervention to assess the impact of
our activities on their bat´s perception. A qualitative data analysis in ATLAS.TI 7.5 showed that awareness
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was increased in 85%. The activities have reached a total of 200 people directly. Our efforts like the first
bat environmental group in the northeast of Mexico will continue installing bat houses, communicating and
teaching the importance of bats, and make alliances with decision makers.
Identification and Description of Echolocation Calls of the Mexican Long-nosed Bat
Jaileen M. Rivera-Rodríguez1, Emma P. Gomez-Ruiz2, Jon Flanders3 and Thomas E. Lacher1

1 Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, Texas, USA; 2 Facultad de
Ciencias Biológicas, Universidad Autónoma de Nuevo León, Nuevo León, MEX; 3 International Programs Manager,
Bat Conservation International, Austin, Texas, USA

The high demand and uncontrolled use of agave plants, as a raw material for the preparation of
beverages such as tequila and mescal, are one of the main causes of the decline in the population of the
Mexican long-nosed bat (Leptonycteris nivalis, Phyllostomidae). However, information on the biology,
distribution, abundance, and habitat of this species is limited. Passive acoustic sensing has emerged as a
powerful tool for quantifying anthropogenic impacts on biodiversity, especially for echolocating bat species
(Aodha et al., 2018). The aim of this study is to identify and describe the echolocation calls of the species
L. nivalis to provide a method of passive monitoring for the species without the need to interfere with its
normal foraging and roosting activities. We recorded echolocation calls from individuals of L. nivalis in
the northeastern region of Mexico. The recordings were made using three main methods, release calls, wild
calls (search flight during the foraging period), and calls inside the tunnel (during search flight inside a 20m
× 1m x 1.5m tunnel). Based on the following echolocation parameters: frequency of the start of the call
(StartF), frequency of the end of the call (EndF), duration of the call (Dur), and total frequency spread of
the call (BWdth), we identify and describe the calls of echolocation for the species and we observe the
differences between the three acoustic monitoring methods used. This study will aid in developing a passive
acoustic monitoring method that will increase the ability to identify key conservation sites.
Spring Migration of Myotis sodalis Tracked via Aerial Telemetry
Piper L. Roby1,2, Mark W. Gumbert1, Michael J. Lacki2, Eric S. Vanzant3 and Jian Yang2

1 Copperhead Environmental Consulting, Inc., Paint Lick, USA; 2 Department of Forestry and Natural Resources,
University of Kentucky, Lexington, USA; 3 Department of Animal and Food Science, University of Kentucky,
Lexington, USA

Migration behavior is poorly understood in the life history of many bat species. The US federally
endangered Indiana bat (Myotis sodalis) hibernates in winter and travels after spring emergence to summer
maternity sites, but information on migration behavior in this species remains limited. We tracked
individual migrating female Indiana bats using aerial telemetry resulting in the location of 17 previously
unknown maternity colonies and identifying connections among 8 hibernacula and 20 maternity colonies
across 8 different states. Maternity colonies were 164.6 ± 26.2 (± SE) km from hibernacula and bats were
on the landscape for an average of 7.3 ± 1.4 calendar nights. Nightly migration rate was 9.9 ± 0.8 km/hour
and bats were active on the landscape for an average of 6.1 ± 0.4 hours/night. Ambient air temperature at
night influenced bat activity where 87% of temperature data points were of inactive bats when air
temperature was <9.8°C. Data points on active bats during temperatures <9.8°C represented a
normothermic state within a roost. Although there was no difference in tree size (i.e., diameter at breast
height) during staging, migration, or arrival at the maternity grounds (F4,129 = 0.6301, P = 0.6419; overall
mean = 44.3 ± 1.2 cm), 61% of staging trees were live, and arrival trees were either snags (77%) or livedamaged (10%). The migration landscape was largely forested, but in agricultural areas, bats preferred
forested corridors. Understanding bat behavior during migration helps fill a life history gap for the species,
as well as provides information for land managers to better conserve travel, foraging, and roosting habitat.
Bat Ectoparasite Richness at El Infierno Cave, Santiago, Nuevo León, Mexico
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Juan Ignacio Rodríguez Castillo1, Emma P. Gómez-Ruiz1, Violeta Ariadna Rodríguez Castro2 and
Humberto Quiroz Martínez2
1 Laboratorio de Mastozoología, Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León, Nuevo
León, MEX; 2 Laboratorio de Entomología y Artrópodos, Facultad de Ciencias Biológicas, Universidad Autónoma
de Nuevo León, Nuevo León, MEX

We studied ectoparasites in a community of bats in the cave El Infierno in Santiago, Nuevo León.
We collected data between June and August 2018 through capture and review of 29 individuals of 6 bat
species (Leptonycteris nivalis, Desmodus rotundus, Nycticeius humeralis, Choeronycteris mexicana,
Myotis auriculus, Antrozous pallidus). We identified two genera of batflies (Diptera: Streblidae) Trichobius
and Basilia and ectoparasites in the order Ixodida and Acari. Our study is the first of its kind at El Infierno
cave and informs about ectoparasites richness, range and their host diversity.
Population Genetic Structure in Glossophaga soricina Inhabiting the Human-dominated Landscape
of El Salvador
Melissa E. Rodríguez1,2, Wieslaw Bogdanowicz3, Gustavo Gutiérrez-Espeleta4, José Edgardo Arévalo4,5,
Monika Patrzyk3 and Bernal Rodríguez-Herrera4

1 Sistema de Estudios de Posgrado, Escuela de Biología, Universidad de Costa Rica, San Pedro de Montes de Oca,
CRI; 2 Programa de Conservación de Murciélagos de El Salvador, SLV; 3 Museum & Institute of Zoology PAS,
Warszawa, POL; 4 Escuela de Biología, Universidad de Costa Rica, San Pedro de Montes de Oca, CRI; 5 The
School for Field Studies, Atenas, CRI

Habitat reductions affect the distribution and dispersal of species, potentially promoting genetic
differentiation as gene flow among separating populations becomes limited. Deforestation has proceeded
further in El Salvador than in any other country in Central America, with only 14% forest cover now
remaining. The capacity of a species to face such loss of habitat depends on habitat specificity but also
other factors. Ultimately, size of habitat patches may increase or reduce levels of genetic diversity. This
work focuses on seven remnant patches of forest in El Salvador (Cerro El Tigre, El Imposible, Los
Volcanes, El Refugio, Finca Lutecia, Gotera, and Río Sapo). The genetic diversity and structure of the
populations of Pallas´s long-tongued bat Glossophaga soricina (n = 68) was assessed by reference to 10
nuclear microsatellites. Genetic diversity based on the heterozygosity index found to be moderate compared
with that obtained for other bat species (Ho = 0.456 ± 0.031, He = 0.603 ± 0.028). No significant correlation
between size of forest fragments and levels of genetic diversity was found; with genetic structure assuming
values close to zero suggesting a total lack of genetic differentiation among sites (Fst = 0.004, P = 0.999).
In contrast, a significant figure for a level of inbreeding was noted (FIS = 0.089, P = 0.008) based on genetic
differences observed in pairwise analysis. Data for some sites in El Salvador indicate genetic structuring,
even in a potentially mobile species such as Pallas’s long-tongued bat. Thus, habitat loss and other
anthropogenic changes in the country’s landscape could induce genetic impacts on G. soricina and other
mammal species over time.
Collaborative Monitoring to Assess Declines in Oregon Bat Populations via Bat Grid and NABat
Monitoring Programs
Roger Rodriguez1, Thomas J. Rodhouse2, Pat Ormsbee3, Kathryn Irvine4, Jenny Barnett5 and Sarah Reif6

1 Northwestern Hub for Bat Population Research and Monitoring, Oregon State University-Cascades, Bend, USA;
2 US National Park Service, Upper Columbia Basin Network Inventory & Monitoring Program, Bend, USA; 3
USDA Forest Service (retired), Eugene, USA; 4 US Geological Survey, Northern Rocky Mountain Science Center,
Bozeman, USA; 5 US Fish & Wildlife Service Region 1 Inventory & Monitoring Program, Burbank, USA; 6 Oregon
Department of Fish and Wildlife, Salem, USA

The original interagency Bat Grid, led by the US Forest Service and with participation by many
partners across Oregon and Washington from 2003–2010, established baseline distributional data for bats
throughout Oregon and Washington and provided the foundation for the North American Bat Monitoring
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Program (NABat). In 2016–2017, collaborative acoustic bat monitoring (referred to locally as “Bat Grid
2.0”) was continued across Oregon by state and federal partners at original Bat Grid survey locations and
at new locations selected via the NABat master sample. One primary objective was to enable comparisons
between 2003–2010 Bat Grid 1.0 baseline and current probabilities of occurrence to evaluate potential
population declines in light of the regional expansion of wind energy developments during the intervening
years and the recent arrival of white-nose syndrome (WNS) to Washington. Within a Bayesian occupancy
modeling framework, we used the occurrence probabilities estimated after 2010 as informative priors to
update and map new posterior distributions with data from 2016–2017 for two species (Myotis lucifugus
and Lasiurus cinereus) considered to be vulnerable to these emerging threats. We found evidence of
possible decline for L. cinereus but not for M. lucifugus. WNS arrived in 2016 and may not yet have caused
widespread regional impact to M. lucifugus. We emphasize that model uncertainty and only two years of
additional data make these findings provisional and best considered as testable hypotheses that guide
conservation decisions including allocation of resources for further research and monitoring.
Should I Stay or Should I Go? Neighbourhood and Roost Selection in Ectophylla alba
Bernal Rodríguez-Herrera1,2

1 Escuela de Biología, Universidad de Costa Rica, San Pedro, CRI; 2 Programa para la Conservación de los
Murciélagos de Costa Rica (PCMCR), San José, CRI

Ectophylla alba, is endemic to a small part of Central America. They roosts in groups, exclusively
in leaves modified as tents (inverted boat). A leaf tent is used on average for 7 weeks until it deteriorates
and the group moves to a fresh one finished a few days before the current tent gets uninhabitable. E. alba
feeds only on Ficus colubrinae, a small-fruited fig species abundant in riparian habitats that produces fruits
3–4 times a year. Using information generated over the last 12 years, I will explain the roost site selection
process, focusing on three interacting dynamic criteria: interspecific interactions (to limit the risk of
predation, parasitism or other negative interactions for the roosting bats); microclimate (to keep close to the
thermoneutral zone and other environmental constraints), and vegetation composition and structure (to
optimize foraging). The interaction between these three criteria determines the quality of the roost. Possibly,
the decision-making process involving the three criteria aims to optimize the conditions that allow the bats
to maintain the basic conducts linked to the roost (mating, rearing of the young, grooming, resting, etc).
Climatic events (i.e, a hurricane) may affect the availability of fresh leaves for tent construction or the
abundance of food resources, hence, temporally disrupting the equilibrium of the model. Confronted with
these situations, the bats may temporally move out of the “comfort zone” while still following the decision
tree along the most economic path in trying to keep the changes to a minimum.
Seasonal Dynamics of Lipid Metabolism and Energy Storage in Tadarida brasiliensis
Elizabeth J. Rogers1, Amie S. Sommers1,2 and Liam P. McGuire1

1 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 2 School of Natural Resources,
University of Nebraska–Lincoln, Lincoln, USA

As flying mammals, insectivorous bats are adapted to operate at extreme levels of energy
expenditure. In situations that push the limits of their metabolic capacity, we predict that bats should trade
off aspects of their physiology or behavior to maintain energy balance. To test whether bats use
physiological compensations to cope with elevated demands, we examined variation in energy storage and
pathways for oxidative metabolism in Brazilian free-tailed bats (Tadarida brasiliensis) related to costs
associated with reproduction and migration. We collected pectoral muscle and liver from female bats at six
time points during the summer and fall and measured changes in the activity of four enzymes involved with
lipid metabolism. Body mass varied predictably and dramatically with life-cycle stage, suggesting rapid
accumulation and use of fat stores in response to current and anticipated energy demands. Catabolic enzyme
activity (CPT, HOAD, and CS) in the muscle was increased during lactation compared to early pregnancy,
but exhibited no change prior to fall migration. While there was no temporal change in hepatic fatty acid
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synthase activity, FAS activity was negatively correlated with body mass. Variation in body mass and
enzyme activity in T. brasiliensis during the summer suggests mobilization of stored energy and increased
lipid oxidative capacity during periods of increased demand, and increased lipid biosynthetic capacity with
depletion of fat stores. These results suggest that aerial insectivores may be able to flexibly adjust metabolic
capacity based on energy need to maintain energy balance despite extreme levels of expenditure.
Summer Roosting Ecology of Nycticeius humeralis on the Gulf Coast of Texas
Jacob A. Rogers, Matthew C. Parker and Sarah R. Fritts

Department of Biology, Texas State University, San Marcos, USA

Bats spend more time roosting than any other activity and do so in various natural and
anthropogenic structures. Few studies have examined bats of the Gulf Coast of Texas and none have
analyzed roost selection of evening bats (Nycticeius humeralis), a widely distributed species on the southern
edge of its range. Evening bats occupy roosts in cavities of live and dead trees, behind exfoliating bark, in
tree foliage, buildings, and other locations. Our objective was to determine roost selection of evening bats
on the Gulf Coast of Texas. From May to Aug 2018 we mist-netted in bottomland hardwood tracts on San
Bernard National Wildlife Refuge and radiotracked six evening bats to five different roosts: two buildings
and three tall, large-diameter live oaks (Quercus virginiana) (height: 27–31m; dbh: 107–200 cm) located
in urban areas. Bats were utilizing the protected areas for foraging yet roosting in urban neighborhoods.
Colony size ranged from approximately 48 to 500+ bats. One building roost was shared with Brazilian freetailed bats (Tadarida brasiliensis). All bats stayed in roosts for the full life of the transmitter (5–21 days)
and no roost switching occurred. Understanding the complex roosting strategies of evening bats could aid
in the conservation of this species, in what is possibly an area of low bat diversity (3 captured species). We
plan to radiotrack more evening bats during summer 2019 to further examine roost selection and make
comparisons with evening bats from more northern populations.
Finding New Rules for the Patterning of Post-canine Teeth in Mammals: Insights from Noctilionoid
Bats
Alexa Sadier1, Renaud Dessalles1, Sharlene Santana2, Nathalie Nieves1 and Karen Sears1

1 Department of Ecology and Evolutionary Biology, University of California Los Angeles, Los Angeles, USA;
2 Department of Biology, University of Washington, Seattle, USA

Teeth are one of the most diverse organs in term of morphology and have become a model to study
the development of repeated structures. In particular, the patterning of the molar row is supposed to be
established through a signaling cascade in rodents. Recently, the study of other mammalian groups has
challenged this view. Moreover, this model cannot predict the patterning of premolars and the diversity of
post-canine tooth number observed across mammals. Here, we established a new model for the patterning
of the mammalian post-canine dentition using the hyperdiverse Noctilionoid bats as a reference group. We
combined morphometric and quantitative data from 117 adult species exhibiting variations in tooth number
and size. We showed that the number of post-canine teeth is related to the length of the jaw and that premolar
and molar proportions are independent, suggesting distinct developmental mechanisms for their formation.
To get insight into these underlying mechanisms, we analyzed the development of 12 different species
across 8 developmental stages by µCT scan, tested developmental markers, and linked teeth formation to
the growth rate of the jaw. Finally, we proposed a new Turing-based model based on these developmental
results to explain the development of premolars and molars rows in our 117 species. Our data reveal that
the premolar and molar rows are established by two independent signaling mechanisms and that premolar
and molar number and size is linked to the local growth rate of the jaw and provide a testable framework
for other bats and mammal species.
The Effect of Vocal Behavior on Roost Finding Tactics
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Maria Sagot1, Andrés Hernández-Pinsón2, Silvia Chaves-Ramírez3, Giada Giacomini4 and Gloriana
Chaverri5,6

1 Department of Biological Sciences, State University of New York at Oswego, Oswego, USA; 2 Escuela de
Biología, Universidad de Costa Rica, San Pedro, CRI; 3 Escuela de Biología, Universidad Nacional, Heredia, CRI;
4 Liverpool Jonh Moores University, Liverpool, GBR; 5 Recinto de Golfito, Universidad de Costa Rica, Golfito,
CRI; 6 Smithsonian Tropical Research Institute, Balboa, Ancón, PAN

In social species, individuals tend to either search for resources themselves, or to follow other
groupmates towards resources. These tactics can be flexible; however, there is a tendency for individuals
to show consistency, suggesting that personality might play a role in the tactic they use. Here, we studied
if the vocal behavior of the Spix’s disc-winged bat, a species known to have different vocal roles in contact
calling, is associated with roost finding tactics. Spix’s disc-winged bats use a highly ephemeral roost. Thus,
to facilitate roost finding, flying bats produce “inquiry calls” to maintain contact with group members.
When a bat finds a roost, it produces “response calls” to recruit group members. In the experiments, we
first stablished their vocal behavior (vocal or non-vocal), by playing back inquiry calls. Subsequently, in a
flight cage, we placed a roost with a speaker inside to reproduce response calls and we recorded the time
spent by each individual entering the roost. Moreover, we color-coded each group member and released
them at the same time in the flight cage, this time without reproducing contact calls and we observed the
order in which they entered the roost. To determine if these behaviors are consistent, we repeated the
experiments over the course of six months. Our results show that vocal behavior plays an important role in
defining individual search tactics. This study demonstrates that personality traits are important predictors
of foraging tactics in roost finding.
Does Seed Ingestion by Bats Increase Germination? A New Meta-analysis 15 Years Later
Romeo A. Saldaña Vázquez1,2, John Harold Castaño3,4, Justin Baldwin5 and Jairo Pérez Torres4

1 Instituto de Investigaciones sobre los Recursos Naturales, Universidad Michoacana de San Nicolás de Hidalgo,
Morelia, MEX; 2 Facultad de Ciencias Biológicas, Benemérita Universidad Autónoma de Puebla, Puebla, MEX; 3
Facultad de Ciencias Básicas, Corporación Universitaria Santa Rosa de Cabal Risaralda, COL; 4 Departamento de
Biología, Pontificia Universidad Javeriana, Bogotá, COL; 5 Facultad de Biología, Universidad ICESI, COL

The seed dispersal cycle forms the base of vegetation establishment and population dynamics.
Evidence shows varied results for the role of frugivorous bats, where ingestion and gut passage increase
seed germination for some plant species, but not for others. Using meta-analysis techniques with a novel
database spanning 31 years of study, we answered the following questions: 1) Does seed passage through
bat digestive tracts increase seed germination compared to seed pulp removal by humans? 2) Does seed
ingestion by bats accelerate seeds´ time until germination compared to seed pulp removal by humans? 3) Is
there an effect of germination conditions, bat species and plant species on seed germination? and 4) Is there
an effect of fruit bat dietary preferences on seed germination? In general, seed passage through bat digestive
tracts neither significantly increased nor accelerated seed germination. However, seed germination varied
mainly with plant species and bat species, less than 25% of plant species responded to bat gut passage in a
positive or negative way. On the other hand, plant species that were preferred by a species of bat showed
higher germination success than non-preferred plant species, in line with the core plant taxa hypothesis.
These results suggest that: 1) the principal role of frugivorous bats in seed dispersal is the transport of seeds
away from parent plants, 2) bats had a fruit handling that not reduce seed germination, and 3) seed
germination of fruits consumed by bats is idiosyncratic to the bat and plant species in question.
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Cranial Geometric Morphometrics of the Frugivorous Bat Sturnira parvidens (Phyllostomidae:
Stenodermatinae)
Josué A. Sánchez-Miranda, Livia León-Paniagua and Giovani Hernández-Canchola

Mastozoología, Departamento de Biología Evolutiva, Facultad de Ciencias, Universidad Nacional Autónoma de
México, Ciudad de México, MEX

Sturnira parvidens belongs to one of the more diverse genera of bats in the Neotropics. Previously,
two haplogroups were reported within this species, one located in Eastern Mexico and Central America,
and another in the Mexican Pacific Slope. We used geometric morphometric techniques to test if there are
differences in the shape of their skulls. We analyzed five different morphological regions in 378 specimens,
including samples from its entire geographic range. Landmarks and semilandmarks were used to analyze
the shape of the skulls, and we tested for allometry, sexual dimorphism, and differences between
haplogroups. The size of specimens does not influence the shape of skulls, and there are signals of sexual
dimorphism. We also found that differences between haplogroups are located in the face, parieto-occipital
region and the posterior edge of the palatine. Nevertheless, the differences are subtle, possibly because there
has been short time since haplogroups started their differentiation. This evidence indicates that these
biological units represent an early stage in the speciation process.
Sublethal Effects of Neurotoxic Pesticides on Bats: from Cells to Behavior
Natalia I. Sandoval-Herrera1,2 and Kenneth C. Welch Jr.1,2

1 Department of Biological Sciences, University of Toronto Scarborough, Toronto, CAN; 2 Department of Ecology
and Evolutionary Biology, University of Toronto, Toronto, CAN

Agricultural intensification and the consequent increase of pesticide use has been considered a
major threat for bat populations in Europe. However, no research on this topic has been conducted in
tropical agrosystems, where most of the arable land is frequently treated with pesticides, particularly large
monoculture plantations like banana and pineapple. Considering that bats can eat more than 90% of their
body mass every night, species that forage preferentially in crops could be highly exposed to pesticides
through their prey. This study seeks to determine the sublethal effects of organophosphate pesticides on bat
species foraging in or near crops. Organophosphate pesticides are commonly used neurotoxic chemicals
that can impair vital functions such as the ability to feed, escape predation, or reproduce. In order to assess
the risk of exposure, we have studied foraging activity of bats in crops in Belize, Mexico and Costa Rica,
countries known for their great bat diversity and extensive use of pesticides. To estimate intake by bats, we
will analyze pesticide levels in insects collected in the same locations. Subsequently we will use an
integrative approach to study the toxic effects of organophosphates on captive and wild bats. This approach
involves measuring molecular (enzyme activity), physiological (metabolic rate, immune response), and
behavioral (echolocation) biomarkers, aiming to extrapolate these responses across levels of biological
organization. Understanding the mechanisms and effects at different scales will enable us to better predict
the implications on populations and communities and help to inform mitigation strategies.
Fruit-bats Finding Fragrant Fruits
Sharlene E. Santana, Leith Leiser-Miller, Zofia A. Kaliszewska and Jeffrey A. Riffell
Department of Biology, University of Washington, Seattle, USA

Frugivorous bats have evolved sensory, morphological, and behavioral adaptations to locate and
consume ripe fruit effectively. Previous research has demonstrated that neotropical frugivorous bats rely
heavily on olfaction, and therefore on plant chemical signals, to locate ripe fruits. However, little is known
about how sensory use and foraging decisions are influenced by the complex diversity of chemical cues
that fruiting plants produce. Using wild Carollia castanea and Piper sancti-felicis as an experimental
system, we conducted behavioral trials to test two main hypotheses: (1) foraging decisions in C. castanea
are primarily driven by ripe fruit scent and its most salient chemical components and (2) C. castanea
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potentially re-weight their sensory inputs to account for available environmental cues, such that bats rely
more heavily on other senses (e.g., echolocation) in the absence of adequate scent cues. Our results suggest
that C. castanea require olfactory information and rely almost exclusively on ripe fruit scent to make
foraging attempts. Ripe fruit scent is quantitatively and qualitatively distinct from vegetation scent in P.
sancti-felicis, with sesquiterpene volatiles (caryophyllene, germacrene-D, β-elemene) dominating the scent
profile. C. castanea exhibit a strong preference for a few compounds found in ripe fruit scent. Moreover,
there was no significant difference in echolocation call parameters when fruit scent or scent constituents
were presented during experimental trials. By contrast, bats emitted longer and more frequent echolocation
calls when ripe fruit scent was absent. Altogether, these results highlight the adaptations, plasticity, and
potential constraints in the sensory system of neotropical fruit bats.
Southeastern Myotis and Rafinesque’s Big-eared Bats Switch their Roosting Habits Seasonally in
Arkansas Bottomlands
Stacy Jae Scherman, Virginie Rolland and Tom Risch
Department of Biological Sciences, Arkansas State University, Jonesboro, USA

Tree roosts in bottomland forests are an important resource for Rafinesque’s big-eared
(Corynorhinus rafinesquii; CORA) and Southeastern (Myotis austroriparius; MYAU) bats. Both bat
species are considered rare across their range and little is known about their roost requirements as seasons
change from fall to winter. The objective was to characterize roost trees in both seasons in the Cache River
National Wildlife Refuge, Arkansas, one of few remaining tracts of unaltered bottomland hardwoods. In
October–December of 2016 and 2017, we radio-tracked 38 bats (21 CORAs and 17 MYAUs) and found 78
confirmed roost trees. Tree species and cavity type (e.g., basal cavity) were recorded for each confirmed
roost tree. Both species switched their roosting habits as environmental conditions changed. Various tree
cavity types were used for roosting by CORAs until they discontinued using basal cavities entirely late in
the season. MYAUs showed no strong preference for cavity types early in the season but progressed to
favor upper cavity openings later in the season. This suggests that both CORAs and MYAUs anticipated
seasonal flooding that could potentially trap them inside the cavity. Additionally, CORA used Water Tupelo
(Nyssa aquatica; NYAQ) exclusively, but MYAU shifted from using mainly NYAQ initially to using a
variety of tree species as environmental conditions changed. Changing behaviors may coincide with
changing priorities from foraging to avoiding seasonally rising flood waters and maintaining homeostatic
balance in an increasingly cold time of year.
Using 3D Thermal Videography to Better Understand Bat Fatality Risk at Wind Turbines
Michael R. Schirmacher¹, Tyson L. Hedrick², Jonathan A. Rader², 'Pranav C. Khandelwal² and Cris D.
Hein¹

1 Bat Conservation International, Austin, USA; 2 Department of Biology, University of North Carolina, Chapel Hill,
USA

Bat fatalities at wind energy facilities are a major concern, particularly because wind energy
development is rapidly expanding into new areas and may impact additional species. Currently, the only
scientifically proven impact reduction strategy is operational minimization (i.e., minimizing turbine
operation during high risk periods), which is likely to result in additional power loss if changes in turbine
technology allow for operation at lower wind speeds. In addition, if turbines become taller with larger rotorswept zones, then promising impact reduction strategies, such as ultrasonic acoustic deterrents, might need
additional research and development to deal with issues such as attenuation of high frequency signals.
Given these factors, and to have a diversity of minimization strategies available for varying circumstances
(e.g., new species or new turbine technology), more studies need to examine bat behavior around wind
turbines in a temporal resolution that allows us to understand risk and potentially build fatality risk models
based on real-time observations. To address these needs, we have developed an open-source software
program to generate three-dimensional flight paths of bats around wind turbines. We will present a case
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study showing the value of these methods for testing minimization strategies. We also will discuss other
potential applications for this software, such as examining spatial and temporal patterns of bat behavior
around wind turbines, which has the potential to result in novel reduction strategies. As we increase our
understanding of bat turbine interactions, stakeholders can make more informed decisions on conservation
actions needed to avoid population level impacts.
Modeling and Mapping Habitat Suitability for Foraging Activity of Cryptic Foliage-roosting Bats
in Central Coastal California
Bethany C. Schulze and Fred G. Watson
School of Natural Sciences, California State University, Monterey Bay, Seaside, USA

We detected and modeled bat habitat selection for foraging activity in the Monterey Bay Area,
California, to explore a potential method for determining regional distribution of two species of cryptic
foliage-roosting bats, hoary bats and red bats. We postulated that foraging activity of these bat species
would in part be determined by the extent of forest and grassland cover, and the proximity to urbanization.
We walked transects in natural and urban areas and monitored bats using an Echometer Touch bat detector.
We also collected data from passive acoustic monitoring and mist netting efforts. All acoustic calls were
analyzed to identify bats species using Sonobat software. We will determine available habitat based on a
buffer area surrounding each transect, detector, or netting site. Models will be constructed based on chosen
land cover covariates at multiple spatial scales and compared using Akaike’s Information Criterion. We
expect that the results will support the postulate that hoary bats and red bats select specific natural areas at
further distances from urbanization for foraging. We will use the results to guide site selection for a more
in-depth spatial analysis of habitat use for foraging.
Migratory Bat Roost Use in the Bitterroot Valley
Nathan A. Schwab
Tetra Tech, Inc., Missoula, USA

The roost-site use and migratory habits of silver-haired bats (Lasionycteris noctivagans) and hoary
bats (Lasiurus cinereus) are poorly understood. This study provided some of the first documented roost
locations and roost descriptions for silver-haired bats in Montana, and provided one of the first known
efforts to attempt to characterize inter-annual site fidelity for these species. We used radio telemetry to track
48 silver-haired bats and 4 hoary bats to their day roost locations between 2016–2018. These tracking efforts
resulted in discovery of 70 silver-haired bat roosts, which included a maternity colony of 43 individuals.
No hoary bat roosts were documented despite extensive ground and aerial searches. Most silver-haired bat
roosts (97%) were located within natural cavities of black cottonwood trees (Populus trichocarpa);
however, roost trees did not differ in diameter, height, or decay stage compared to available trees. Based
on radio telemetry information, hoary bats migrate through the study area in July and August, and silverhaired bats appear to migrate out of the study area in late August and early September. In addition to radio
telemetry, we also marked individuals with PIT tags and recaptured 2 silver-haired bats in 2017 that were
marked in 2016, suggesting some degree of inter-annual fidelity to summer habitats. The results of this
study may be used to guide natural resource management decisions by providing a basic understanding of
roost ecology of bats during the maternity period, and the degree of inter-annual fidelity to summer habitats.
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Evidence for Multifactorial Processes Underlying Phenotypic Variation in Bat Visual Opsins
During Noctilionoid Diversification
Alexa Sadier1, Kalina T. J. Davies2, Laurel R. Yohe3, Kun Yun4, Paul Donat3, Brandon P. Hedrick5,
Elizabeth R. Dumont6, Liliana M. Dávalos3, Stephen J. Rossiter2 and *Karen E. Sears1

1 Department of Ecology and Evolution, University of California Los Angeles, Los Angeles, USA; 2 School of
Biological and Chemical Sciences, Queen Mary University of London, London, GBR; 3 Department of Ecology and
Evolution, Stony Brook University, Stony Brook, USA; 4 Department of Animal Biology, University of Illinois,
Urbana, USA; 5 Department of Organismic and Evolutionary Biology, Harvard University, Cambridge, USA

The acquisition of new sensory systems has long been proposed to explain species diversification
as the acquisition of new capabilities enables access to new ecological niches. For vision, the acquisition
of new wavelengths has been suspected to drive species diversification in primates and fishes due to the
resulting advantages in foraging and hunting. However, these studies remained limited to few species and
were never carried out within a large taxonomic group. In consequence, the evolution of genomic and
developmental mechanisms at the origin of diversification remains largely unknown. Here we perform the
first multi-level molecular comparative study of visual ecology evolution across neotropical bats, a group
that radiated 40 million years ago, with unparalleled dietary diversification among mammals. Combining
data from sequences, gene expression, and immunohistochemistry, we test for correspondence between
functional open reading frame, transcript, and protein in two cone opsins, OPN1SW and OPN1LW. In order
to decipher the role of these processes in species diversification, we also linked data to ecological
parameters. Contrary to expectations, a fifth of taxa possess neither an OPN1SW transcript nor the
corresponding S-cone, and four taxa possess the transcript but no protein. S-cones are present in most
frugivores but were likely lost independently in several groups, including most flower-visiting species. The
highly variable patterns for S-cones contrast strongly with those for OPN1LW and the corresponding longwavelength sensitive (L-) cones, which were detected in all taxa. Our findings suggest that variation in bat
color vision has likely arisen through selection for sensory specialization acting at multiple stages of protein
synthesis, and reveal caveats in the inference of phenotype solely from gene sequence. Finally, our results
revealed the complex mechanisms at the origin of the evolution of a sensory trait implicated in species
diversification in the field.
Habitat Effects on Use and Activity Levels of Bats in Coastal South Carolina
Kyle E. Shute1, Susan C. Loeb2 and David S. Jachowski1

1 Department of Forestry and Environmental Conservation, Clemson University, Clemson, USA; 2 USDA Forest
Service, Southern Research Station, Clemson, USA

The southeastern Coastal Plain is projected to have one of the largest urban expansions in the United
States. This region marks the northern edge of the rare and understudied northern yellow bat’s (Dasypterus
intermedius) range and the southeastern edge of the threatened northern long-eared bat’s (Myotis
septentrionalis) range. Our objective was to determine habitat use of bats in this region (with focus on
northern yellow bats) to inform management and conservation. During May–August 2018 we placed
Anabat Express acoustic detectors at 64 sites in Beaufort County, SC for four nights each. We placed
detectors in upland forests, bottomland forests, fields, salt marshes, and ponds, and characterized habitat
and forest structure within a 0.05 ha plot surrounding each detector. Overall bat activity at ponds was higher
than bottomland forests (P = 0.02) and upland forests (P <0.001) and activity in salt marshes was higher
than in upland forest (P = 0.03). Mean activity decreased significantly with increased basal area and canopy
cover, however, R2 values were low (R2 = 0.08 and R2 =0.12, respectively). We identified 273 northern
yellow bat calls across 34 sites in all habitats. Northern yellow bats were detected at 91% of field and salt
marsh sites, and 100% of ponds but, were only detected at 20% and 9% of bottomland and upland hardwood
sites. Our results contribute to an increased understanding of habitat use by bats in the Coastal Plain and
will allow managers to develop plans to manage important habitat characteristics for bats in this rapidly
urbanizing area.
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Bat Species Turnover Following White-nose Syndrome Detected by Mobile Bat Acoustic Transects
Molly C. Simonis1, Volker Bahn1 and Bridget Brown2,3

1 Department of Biological Sciences, Wright State University, Dayton, USA; 2 Division of Wildlife, Ohio Department
of Natural Resources, Columbus, USA; 3 Department of Evolution, Ecology and Organismal Biology, The Ohio State
University, Columbus, USA

Changes to species composition by mass mortality from disease can alter ecosystem functioning.
Mass mortalities to white-nose syndrome (WNS) susceptible species are changing bat communities and
populations in endemic areas, but species turnover following WNS has only been suggested and not
reported. To characterize species composition at a large scale, we used data from mobile bat acoustic routes
implemented by Ohio Division of Wildlife in 2011. We hypothesized mobile acoustic route detections
between 2011–2017 would indicate an increase in migratory bat abundance, and a decrease in cavedwelling bat abundance in summer months following the state’s emergence of WNS. We predicted
migratory species would be utilizing space and resources once used by cave dwelling bats that have greater
susceptibility and mortality due to WNS. We created two sets of linear mixed effects models: one to include
winter and summer roosting behaviors and another to include species classification. Behaviors and species
classifications were not used together since behaviors are nested within species. We used Akaike’s
Information Criterion to select the best fit model for roosting behavior and species model sets. Relative
abundance predictions of cave-dwelling, cavity roosting bats declined, while migratory, cavity roosting bat
abundance increased. Relative bat abundance predictions by species indicated potential turnover in summer
population structure from Myotis spp. and Eptesicus fuscus to Nycticeius humeralis and Lasionycteris
noctivagans following WNS. This work provides insight into bat population changes following the
emergence of WNS and can inform large-scale management practices for temperate bat conservation in
endemic regions.
Effects of Hurricane Maria on the Bat Community on the Caribbean Island of Dominica
Lisa M. Sims
Department of Biological Sciences, University of Calgary, Calgary, CAN

Understanding species’ responses to hurricane disturbance can help us predict future impacts and
aid in conservation actions, which will become progressively more important with climate change. On 18
September 2017 Hurricane Maria, a category 5 storm, made landfall on the small island (750 km2) of
Dominica, sustaining winds up to 258 kph and causing substantial damage to the vegetation across the
island. This presented a unique opportunity to assess the hurricane’s impact on bat community structure
and composition in the Caribbean. I measured changes in diversity, abundance, reproductive rate, body
condition, and habitat use using pre-hurricane data I collected during mist-netting surveys in 2016 and 2017,
and post-hurricane data I collected in the same study areas in 2018. Nine species (750 individuals) were
captured in the two years prior to the hurricane, with reproductive females documented for eight species.
Nine species (79 individuals) were captured post-hurricane, with reproductive females documented for six
species across the island. A decline in the number of captures and percent of reproductively active females
of several species indicates varying responses within foraging guilds. Preliminary results suggest a stronger
sensitivity for species dependent on plants for food, and a failure to reproduce post-hurricane. Analysis is
on-going and further results will be presented.
Vocal Learning and Auditory Development in Prenatal Egyptian Fruit Bats
Grace C. Smarsh1, Smadar Tal1,2 and Yossi Yovel1

1 Department of Zoology, Tel Aviv University, Tel Aviv, ISR; 2 Department of Theriogenology, Hebrew University
Veterinary Teaching Hospital and Koret School of Veterinary Medicine, Rehovot, ISR

Vocal learning, the ability to receive and then produce novel sounds, is a critical process in human
speech development but has only been demonstrated in a few non-human animals, including bats. The
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Egyptian fruit bat (Rousettus aegyptiacus) is a social, group-living species producing broadband
echolocation clicks and various social calls which convey identity and context information. Previous work
showed that young fruit bat pups modified the pitch of their calls according to vocalizations of other adults
they were exposed to since birth. In this study, we addressed whether the learning period extends to prenatal
pups by testing whether pups can hear and learn in utero. We played back temporally and pitch-modified
adult calls and pink noise to pregnant bats while monitoring fetal heart rate through an ultrasound. We
exposed three other pregnant female groups to control and modified calls for ca. 3.5 months during
pregnancy and assessed the preferences of the pups on Days 5–7 postbirth through acoustic playback tests.
We found that by Day 0, Rousettus pups are responsive to both calls and noise, and are highly vocal,
producing isolation calls and echolocation. Pups (n = 13) did not show a strong preference to different call
types, suggesting that vocal learning of pitch and tempo does not occur prenatally. Further work will include
solidifying prenatal auditory capabilities and determining whether and when postnatal pups are able to
discriminate adult calls from noise in the environment.
Assessing the Potential Impacts of Radio Transmitters on Bat Flight in a Controlled Environment
Kathryn E. Smith and Victoria J. Bennett

Department of Environmental Sciences, Texas Christian University, Fort Worth, USA

Telemetry is an effective method for collecting movement and resource use data, however, attached
transmitters have the potential to negatively impact the behavior and movement of wildlife, particularly
volant species. Studies have suggested that such devices could even have additional implications on bat
maneuverability. Despite these concerns, no studies to date have assessed the potential effect of transmitters
commonly used in bat telemetry surveys. Thus, we conducted a study on evening bats (Nycticeius
humeralis) in a controlled environment. We hypothesized that if a transponder affected bat flight, we would
observe a decrease in area usage, tortuosity, velocity, and flight duration. Furthermore, if bats habituated to
the transponder, we would expect such effects to diminish over time. We housed bats in a flight facility for
4 days in which we recorded bat flight on Cannon infrared camcorders with and without the transmitter
attached. We used Ethovision and Track 3D software to create flight paths for each bat to acquire the
aforementioned variables. We recorded >30 bats from March 15 to August 31, 2018. In support of our
hypothesis, we observed a decrease in flight duration by approximately 56% after the initial transmitter
attachment with little to no improvement by the second night (~52%) and observed an improvement by the
third night (~24%). Similarly, we found that area usage and velocity followed the same trend. Thus, our
study highlights a potential bias in telemetry surveys that could impact data quality and therefore should be
taken into consideration when conducting such surveys.
Validating Models for Site Selection in a Population Monitoring Program for Townsend's Bigeared Bats
Katrina J. Smith and Daniel C. Barton
Department of Wildlife, Humboldt State University, Arcata, USA

Population-level impacts from threats such as disease and disturbance are detectable only through
population trend-monitoring programs with adequate statistical power. Efficient survey site selection
improves the chances that resources invested result in powerful monitoring, but the use of habitat models
for trend-monitoring site selection requires evaluation of predictive accuracy. Therefore, we validated
predictions for several habitat models built from multiple datasets for a species of concern, Townsend’s
big-eared bats (Corynorhinus townsendii), threatened by disease (white-nose syndrome) and disturbance in
an area with 30 years of survey history (Lava Beds National Monument, Siskiyou County, CA). Hibernating
bat abundance was negatively correlated with mean winter cave temperature measured hourly over four
years (n = 30). However, the complexity of monitoring over 800 caves renders fine-scale temperature
monitoring infeasible. Instead, we explored several cave morphology metrics thought to influence airflow
as proxies for cave microclimate. Principal components analysis suggested a link between cave temperature
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and entrance area, constriction area, and volcanic trench depth, but models built from this small dataset (n
= 30) did not perform well in predicting bat abundance. Boosted regression tree models built from a larger
dataset (n = 241) suggested volcanic trench length, maximum ceiling height, and negative slope beyond the
entrance predict bat abundance. Extreme overdispersion in the count data resulted in high model deviance
and low predictive accuracy, but model deviance was reduced when count data was converted into
detection/non-detection data. These models will be useful for identifying sites likely to be occupied, yet
precise bat abundance is more difficult to accurately predict.
Elucidating Patterns of Bat Species Occupancy Across a Disturbed Landscape in California’s
Central Valley
Trinity N. Smith and Barbara Clucas
Department of Wildlife, Humboldt State University, Arcata, USA

California’s Central Valley, one of the most productive agricultural regions in the world, is home
to 17 species of resident and migratory bats. The Central Valley ecoregion has been identified as a crisis
ecoregion, and a high number of species are at risk due to habitat conversion and drought. In response to
drought, California Department of Fish and Wildlife implemented the Terrestrial Species Stressor
Monitoring (TSM) project, which in part aimed to collect baseline occupancy data and habitat associations
for bats. We conducted bat surveys using SM3BAT acoustic detectors at 275 sites spanning the Central
Valley in both the driest year on record (2016) and the wettest year on record (2017). The resulting bat
species detections were processed using Kaleidoscope software and were then manually vetted. These
detection histories will be used to determine species-specific occupancy patterns for bats in the Central
Valley, which can be used by managers to assess critical habitat areas.
Importance of Man and Biosphere Reserves for Bat Diversity: Crocker Range MAB in Borneo
Tenaja Smith-Butler1, Rieka Yu2, Amirrah Amat3, Tyler Test4, Azniza Mahyudin3, Isham Azar5 and Tigga
Kingston4

1 Department of Biological Sciences, State University of New York at Oswego, Oswego, USA; 2 Biology Department,
Boston University, Boston, USA; 3 Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah, Kota
Kinabalu, MYS; 4 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 5 Faculty of Natural
Science and Sustainability, Universiti College Sabah Foundation, Kota Kinabalu, MYS

Borneo is a hotspot for chiropteran diversity, hosting over 90 species of bats. The island has
undergone extensive deforestation to support growing agricultural demands, leaving isolated fragments
behind. The Crocker Range National Park in Sabah, Malaysia is one such fragment, at 139,919ha. UNESCO
designated it as a part of the Man and Biosphere Program (MAB) in 2014, with hopes of encouraging
sustainable practices that benefit both the people and their environment. Forty-one species were known
from the forested core area, but the bat diversity supported by the agricultural lands of the transition zones
was unknown. We conducted a survey of two agricultural sites in the transition zone, one forested site in
the buffer zone, and two forested sites in the core zone. We hypothesized that the forested areas of the
reserve would have greater species richness and abundance. Harp traps and mist nets were used to capture
bats at each site. We captured 155 individuals, 95 in forest and 60 in agricultural lands, of 24 species.
Twenty species were found in the forest and twelve in agricultural lands. Twelve species were unique to
the forest, and four were unique to agriculture. Five species were new locality records (C. minutus, H.
ridleyi, K. intermedia, R. amplexicaudatus, and T. pachypus). Right now, the core and buffer zones are
currently hosting a higher diversity of bats than the transition zones. This survey can act as a baseline when
assessing what influence the MAB program has on the conservation of bats in the future.
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Effects of Environment and Bat Ecology on the Microbiome of Ectoparasites
Kelly A. Speer1,2, Tiago Souto Martins Teixeira3, Claudia Wultsch2, Konstantinos Krampis4, Susan L.
Perkins2,5, Melissa Ingala1,2, Elizabeth L. Clare3 and Nancy B. Simmons6

1 Richard Gilder Graduate School, American Museum of Natural History, New York, USA; 2 Sackler Institute for
Comparative Genomics, American Museum of Natural History, New York, USA; 3 School of Biological and Chemical
Sciences, Queen Mary University of London, London, GBR; 4 Center for Translational and Basic Research, Hunter
College, City University of New York, New York, USA; 5 Division of Invertebrate Zoology, American Museum of
Natural History, New York, USA; 6 Department of Mammalogy, American Museum of Natural History, New York,
USA

Arthropod parasites, which generally have nutrient poor diets, are dependent on their bacterial
symbionts for development, nutrient acquisition, and immune health. As the body of research on parasitemicrobiome interactions continues to grow, it is becoming more apparent that the parasite is not a perfect
island that physically and biologically constrains the microbiome. The composition and diversity of the
microbiome and abundance of its members are influenced by both its immediate environment (the parasite)
and broader environment (where the parasite lives). Habitat fragment size and distance from a source are
important variables influencing community composition of plants and animals, but their role in microbial
community composition and variation is unknown. It is hypothesized that evolution and ecology of the
arthropod parasite would influence its microbiome more than broader environmental factors, but this
hypothesis has not been tested. To compare the relative influence of broader environment to that of parasite
constraint on its microbiome, we applied high-throughput sequencing of the V4 region of 16S rRNA from
217 obligate ectoparasitic bat flies (11 species) collected from 155 bats (6 species) from 10 habitat
fragments in the Atlantic Forest of Brazil. Preliminary results suggest that habitat fragment size, bat fly
species, and bat feeding guild influence diversity of the microbiome. Environmental changes resulting from
habitat fragmentation have consequences for the diversity and abundance of bacteria in the microbiome of
bat flies, which may be detrimental to their immune response against pathogens they vector to their host
bat.
Anatomical Diversification of the Bat Calcar
Kathryn E. Stanchak1,2 and Sharlene E. Santana1,2

1 Department of Biology, University of Washington, Seattle, USA; 2 Department of Mammalogy, Burke Museum of
Natural History and Culture, Seattle, USA

The evolution of novel structures is an enduring problem within biology. The calcar is a skeletal
element unique to bats that extends from the ankle into the hindlimb membrane. The calcar appears to be
morphologically diverse, yet the extent of its variation is unknown. Because understanding anatomical
diversity provides clues to homology and function, we completed a broad survey of calcar anatomy to
illuminate its evolutionary and functional diversification. We CT scanned calcars from 21 species (16
families), histologically sectioned calcars of 18 species (13 families), and measured calcar length in an
average of 6 specimens from 226 species (20 families). We found extensive anatomical variation in calcar
size, shape, and tissue composition. The calcar ranges from unmineralized cartilage (multiple bat lineages)
to bone (species within Yangochiroptera). This variation occurs not only across species but also within a
single specimen. Bony portions of calcars exhibit internal structure and openings for vascular supply. Calcar
length ranges from zero (no calcar) to over 1.5 times the length of the tibia, and some species exhibit
particularly unique calcar shapes (Noctilio leporinus and Mystacina tuberculata). Phylogenetic analyses
indicate that calcar length exhibits a high phylogenetic signal and diversified early in bat evolutionary
history. This suggests that calcar anatomical diversity emerged as a byproduct of bat systematic
diversification. The calcar may serve as an excellent case study for understanding the origin and
diversification of novel structures and the evolution of the skeleton in bats and other mammals.
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Predicting Habitat Use by Bats to Protect Bats and Inform Wind Energy Development
Clarissa A. Starbuck and Carol L. Chambers
School of Forestry, Northern Arizona University, Flagstaff, USA

Although wind turbines are a clean source of energy, they incidentally kill many bats and birds.
Migratory species have the highest mortality; in 2012, ~600,000 bats died from encounters with turbines in
the US alone. Arizona has 28 bat species and a high proportion of migratory species that creates a high risk
of mortality from interactions at wind energy facilities. Our objectives are to determine the species
composition, bat use, and topographic features that might influence bat movement. Our study area
encompassed open grassland and shrubland in northern Arizona that were similar to sites considered for
wind energy development. We deployed 34 acoustic detectors (SM3BAT) to sample for bat activity at
randomly-selected points that represented a range of measures for each habitat covariate. We surveyed
points during spring, summer, and fall of 2016 and 2017 and used SonoBat 3 software to identify bat calls
to species or species groups. We used occupancy models to evaluate the effects of landscape covariates on
bat activity. The highest bat activity occurred in valleys, lower slopes, and evergreen forests. Since most
wind energy development in northern Arizona has occurred on flat slopes, shrubland, and grassland, this
indicated that best sites for wind energy might not overlap with best sites for bat use. Our predictive map
shows bat use in areas of northern Arizona considered best suitable for wind energy development given
acoustic activity.
Bats to the Future: The Occurrence and Distribution of Pipistrellus nathusii in the North-east of
Scotland
Jodie Stark
Department of Zoology, University of Aberdeen, Aberdeen, GBR

Climate change has negative impacts for many species, but for a select few it can offer new
opportunities by expanding available habitats; this is especially the case for Pipistrellus nathusii. In both
England and Ireland, it is classified as a residential bat with migratory influxes, inhabiting southern areas
with warm climates; however, the North-East of Scotland has recently gained an establishing population of
P. nathusii which is thought to be due to increasing temperatures. Unfortunately, the information regarding
the migratory status of this isolated population is both limited and contradictory. It is important to establish
the status and trends of this local population, as it is located on the Northern edge of P. nathusii’s range it
would be subject to any future expansion first. To confirm the migratory status, this study recorded
echolocation calls in July and September across ten sites with various habitats and locations using SM2+
static detectors and used ArcGIS10.5 to confirm the variables associated with P. nathusii’s distribution.
Key results showed that significant populations of P. nathusii were present in both July and September in
the North-East of Scotland, and that with increased distance from the coast, the number of calls reduced. P.
nathusii is therefore residential in the North East of Scotland, and distance does impact distribution;
however, it cannot be confirmed as to why, due to the relationship between distance and habitat. This project
has provided a baseline for future generations to monitor the expansion of P. nathusii, a now residential
and protected species in Scotland.
Population Changes in the Migratory Bats of Calgary, Alberta
Brittany Steed

Biological Sciences, University of Calgary, Calgary, CAN

Recent models suggest that factors such as climate change, habitat loss, and especially fatalities at
wind turbines, have resulted in declining populations of migratory bat species. In Alberta, silver-haired
(Lasionycteris noctivagans) and hoary bats (Lasiurus cinereus) make up over 80% of bat fatalities at wind
turbines. Using mist netting and echolocation recordings, estimates of abundance were made during
migration (July–September) from 2006 to 2008 for bats near Calgary, Alberta. In July and August 2018, I
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replicated those measurements at the same study sites in Calgary to test the hypothesis that migratory bat
populations have declined. Long-term studies of abundance of the migratory species of bats are rare and
have not been conducted in Western Canada. The previous study in Calgary was conducted for other
purposes but offered a unique opportunity to assess population changes over the past ten years. The data on
abundance of various species may reveal impacts of renewable energy that are unintended, and therefore
the results from this research has the potential to be considered when siting and permitting the building and
mitigation measures of more wind facilities. Preliminary capture data suggest significant declines in
abundance of both species. I will present further results from captures and acoustic monitoring.
Movement Patterns of Migratory Tree-roosting Bats During Autumn Migration
Erin C. Swerdfeger and Erin F. Baerwald
Department of Biology, University of Regina, Regina, CAN

Migration routes of long-distance migratory tree-roosting bats (Lasiurus cinereus, L. borealis and
Lasionycteris noctivagans) in North America are poorly understood. Large numbers of bat fatalities
recorded at wind energy facilities are contributing to likely population declines of these species. The
majority of documented migratory bat fatalities at wind energy installations occur during autumn migration.
There is some urgency to better understand migration patterns of these bats, as the Province of
Saskatchewan plans to dramatically increase wind power generation capacity by 2030. We installed passive
acoustic detectors in the southern half of Saskatchewan during the migration period to measure migratory
bat activity. We placed one set of detectors in a three by three grid pattern across the study area in locations
with high wind energy potential and prominent landscape features. We installed a second set of detectors
along 5 km transects perpendicular to four of the province’s major rivers. Preliminary results indicate higher
levels of migratory bat activity in the eastern portion of the province. This may be an indicator that access
to roosting habitat is important in bat migration route selection, as that portion of the province contains
more forested landscape than other sampling sites located in grassland ecoregions. This information can be
used to inform siting decisions for future wind energy projects.
Insectivorous Bats Species Richness is Driven by Vegetation Structure and Insect Biomass along
Elevational Gradients
Iroro Tanshi1,2 and Tigga Kingston1
1 Department of Biological Sciences, Texas Tech University, Lubbock, USA; 2 Department of Animal and
Environmental Biology, University of Benin, Benin City, NGA

Bat species richness patterns along elevational gradients may decrease monotonically, peak at midelevations or plateau and decrease sharply. Demonstrated drivers of insectivorous bat species richness along
elevational gradients are vegetation structure and climatic variables. Although insect activity drives bat
activity in lowland areas, the effect of prey availability on bat species richness patterns along elevational
gradients remains untested. Similarly, despite a bat diversity hotspot, the bat fauna of eastern Nigeria
mountains in the Cameroon/Nigerian mountain range are hitherto unstudied. We conducted bat surveys at
five and six elevation strata (at 250 – 400 m intervals) respectively in Afi Mountain Wildlife Sanctuary
(AMWS) and Cross River National Park (CRNP) in southeastern Nigeria. Using four-bank harp traps set
for two consecutive nights along 200 m transects, we captured bats during 200 and 240 harp trap nights
from AMWS and CRNP respectively. We conducted vegetation assessment in 2 m2 plots around harp traps
and trapped insects using light traps. A total of 642 individuals belonging to 12 and 18 species were captured
from AMWS and CRNP respectively. We report seven bat species new to the country. Bat species richness
declined monotonically with elevation. Vegetation structure including tree height, foliage height diversity
index, tree density, and canopy cover changed with elevation. Total insect biomass declined monotonically
along the elevational gradient. Insect biomass and average dominant tree height per elevational band were
important predictors of bat species richness. Our results support the prediction that bat species richness
along elevational gradients is resource driven.
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Investigating Roost Selection by Indiana Bat and Tri-colored Bat During Fall Swarming
Mallory E. Tate1, Emma V. Willcox1, Riley F. Bernard2 and Bill H. Stiver3

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, USA; 2 Department of
Ecosystem Science and Management, Pennsylvania State University, State College, USA; 3 Great Smoky Mountains
National Park, National Park Service, Gatlinburg, USA

The Indiana bat and tri-colored bat are two of seven bat species known to be affected by the
devastating fungal disease white-nose syndrome (WNS). Since the introduction of this disease, populations
of both species have seen dramatic declines. In an effort to improve management and conservation efforts,
research has been conducted to further understand ecology and behavior of these species during summer
and winter, two critical periods in the life-history of bats. However, the ecology and behavior of the Indiana
bat and tri-colored bat during fall swarming have not been fully investigated. Fall is also an extremely
critical period for bats because of the energetics associated with reproduction and entering hibernation.
During fall swarming there is heightened activity in and around hibernacula, as bats attempt to both mate
and build energy reserves to survive winter hibernation. Entering hibernation with substantial energy
reserves has become especially important if individuals infected with WNS are to survive winter. Therefore,
any effective conservation and management strategy must include provisions to identify, study, and manage
fall pre-hibernation bat populations and associated habitat, including diurnal roost sites. During fall
(August–October) 2017, we captured bats at hibernacula and used radio telemetry to track seven Indiana
bats and five tri-colored bats to their diurnal roosts. We confirmed four tree and three caves roost by tracking
each bat for at least three days. We will present the initial results of our study examining diurnal roost
selection by these species during fall swarming.
Do Remnant Little Brown Bats Show Increased Evidence of Pre-hibernation Hyperphagia
Following Invasion of White-nose Syndrome?
Sarah Y. Teillet, Kristina A. Muise and Craig K.R. Willis

Department of Biology and Centre for Forest and Interdisciplinary Research, University of Winnipeg, Winnipeg, CAN

Little brown bats (Myotis lucifugus) suffer high mortality from white-nose syndrome (WNS)
following invasion of Pseudogymnoascus destructans, and are now endangered in Canada as a result.
Mortality from WNS is associated with the early depletion of overwinter fat reserves due to increased
frequency of arousals from torpor during hibernation. This predicts that the surviving bats remaining after
initial declines from WNS should exhibit traits that help them accumulate large pre-hibernation fat stores.
We will test one prediction of this ‘fat-bat’ hypothesis that, following an initial decline from WNS, remnant
bats captured at fall swarms will show elevated levels of plasma triglycerides, which reflect hyperphagia,
relative to pre-WNS bats. We captured bats at a fall swarm in central Manitoba Canada throughout August
and September 2018. We collected blood samples from little brown bats to measure concentrations of
plasma triglyceride using a commercially available kit. We will compare values of plasma triglyceride
recorded for our remnant bats to those previously published for pre-WNS bats captured at fall swarms in
our study area. These data will shed light on factors that predict the survival of bats following WNS and
help determine the potential of evolutionary rescue to help populations recover.
Foraging Range Selection of the Tri-colored Bat in Middle Tennessee
Dustin B. Thames1,2, *Emma V. Willcox1 and Josh R. Campbell2

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, USA; 2 Tennessee Wildlife
Resources Agency, Nashville, USA

Tri-colored bats populations are declining in Tennessee and throughout the temperate portions of
their range, primarily due to the impacts of white-nose syndrome. The United States Fish and Wildlife
Service has been petitioned to protect the species under the Endangered Species Act. However, our limited
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understanding of the foraging ecology of the species precludes our ability to effectively identify critical
summer habitat for listing. The objective of this research was to establish the size of tri-colored bat foraging
ranges and to determine if foraging tri-colored bats select certain land cover types significantly more than
other available land cover types. During the summers of 2016 and 2017, we radio-tagged 7 male tri-colored
bats and biangulated an average of 102 (range 49−177) foraging locations for each bat. The mean 95%
minimum convex polygon foraging range was 2,350 (range 234−9,655) ha. To determine land cover
selection of foraging tri-colored bats, we created a fixed kernel density estimate of each individual bat’s
foraging range and generated a 95% and 50% percentage volume contour (PVC). We compared used versus
available land covers at two spatial scales using a MANVO randomization test. Broad level selection of
foraging range (95% PVC) within the study area was considered random (Wilk’s λ = 0.11, P = 0.065).
However, selection of core foraging range (50% PVC) within the overall foraging range was significantly
non-random (Wilk’s λ = 0.056, P = 0.016). Male tri-colored bats selected core foraging areas over open
water and wetlands significantly more than other available land covers.
Bat research and conservation in Vietnam: achievements and trends
Vu Dinh Thong

Institute of Ecology and Biological Resources & Graduate University of Science and Technology, Vietnam Academy
of Science and Technology, Hanoi, VNM

Vietnam is one of the most important countries in Asia for bat research and conservation. It has
highly diverse landscapes with various ecosystems and habitats, ranging from offshore archipelagoes,
coastal realms, continental regions, flatland with urbanized and agricultural sectors to mountainous and
karstic areas with tropical forests. Prior to this century, Vietnamese bats were almost unstudied. Since 2001,
a series of campaigns for capacity building, academic research and conservation of bats have been
implemented in the country. The results have demonstrated a great diversity of Vietnamese bats. Many bat
taxa, including new subspecies and species to science, have been discovered. However, a number of habitats
and species are critically threatened by illegal hunting, habitat loss, tourism development, etc. On the other
hand, a large number of natural ecosystems (mangroves, offshore archipelagoes, flatland) and research
areas (echolocation, ecology, ecosystem service) have received little attention from scientists and
authorities. This presentation provides an overview of Vietnamese bats with highlights of achievements in
research, conservation, and training, as well as a preview of the potential diversity and future trends in
research and conservation.
Endangered Bats in the Greater Toronto Area
Toby J. Thorne, Eryk T. Matczak and Maria Franke

Department of Conservation and Wildlife, Toronto Zoo, Toronto, CAN

The Greater Toronto Area (GTA) is the largest urban area in Canada, and among the largest in
North America, and continues to expand. This creates an added pressure for species on the edge of the
expansion, three of which are federally endangered in Canada: Myotis lucifugus, M. septentrionalis, and
Perimyotis subflavus. We used acoustic monitoring to detect seasonal activity of bats at 20 conservation
areas around the GTA in 2017 and 2018. In 2018 we conducted trapping surveys at a subset of these sites
to further investigate the endangered bats. We have confirmed significant acoustic activity of endangered
bats, most commonly M. lucifugus at 13 sites. We found acoustic evidence of M. septentrionalis at one site.
We rarely recorded P. subflavus. Many of the sites with endangered bats were in the suburbs, or in rural
areas surrounding the conurbation, however, because the GTA continues to expand these sites could be
affected by urbanisation in the future. Notably, we identified reproductive populations, confirmed by
trapping and radio-telemetry, of M. lucifugus and M. septentrionalis in a forest surrounded by dense urban
development and with high recreational usage. We conclude that even highly disturbed, urban sites can
support species such as M. septentrionalis, which is not typically associated with such anthropogenic
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landscapes. Consideration for the potential presence of these species should be made during land
management and planning.
The Importance of the IAUPR-BC Wetland of Bat Conservation and Citizen Science Education
Valeria Tirado-Berríos and Armando Rodríguez-Durán
Department of Natural Science and Mathematics, Interamerican University of Puerto Rico, Bayamon, PRI

The fragmentation of natural ecosystems is a growing reality. After a fragmentation event, the
resulting archipelago of habitats often varies in the quality of ecological characteristics that allow it to
sustain population of bats. The species diversity and richness of these habitat “islands” is influenced not
only by their intrinsic characteristics, but also by the permeability of the matrix on which they stand. We
are examining a small wetland habitat along the urban matrix of the northern coast of Puerto Rico, located
within the Interamerican University, Bayamon Campus, to assess the conservation value of such habitat
remnants. Field work is being conducted using seventy-two meters of mist nets set one week each month
in a standardized manner with the help of volunteers, which are recruited through our Facebook site. In
addition, acoustic monitoring is being carried out during the night to detect bats that could be avoiding the
nets. The following species have been detected so far: Artibeus jamaicensis, Molossus molossus, Erophyla
bombifrons, Brachyphylla cavernarum, Noctilio leporunis, Pteronotus quadridens, Eptesicus fuscus, and
Tadarida brasiliensis. Analysis of the bat detector data show a notable difference in the activity and capture
rate between the years 2017 and 2018, most likely due to the damaging effects of Hurricane Maria in Puerto
Rico. Our preliminary results suggest that the IAUPR-Wetland is an important habitat for bats. During the
first year 140 volunteers assisted with field work and learned about the importance of bats in the ecosystem.
When White-nose Syndrome and Mexican Free-tailed Bats Collide
Thomas E. Tomasi1, Anna C. Doty2 and Keslie S. Naffa1

1 Department of Biology, Missouri State University, Springfield, USA; 2 Department of Biological Sciences, Arkansas
State University, Jonesboro, USA

Mexican free-tailed bats (Tadarida brasiliensis) are in the path of the spreading white-nose
syndrome (WNS) epidemic, but it is not clear whether they will be a susceptible or resistant species. To be
susceptible, the following must be in place: a) the bats must undergo multi-day torpor bouts (hibernate) in
temperatures less than 15 C; b) they must hibernate for periods of at least two months in locations where
the fungal pathogen for WNS exists; c) the fungus must grow in the skin of the bats; and d) the growing
fungus must “stress” the bats physiologically such that morbidity and mortality occur. Although this species
may be the most abundant bat in North America, their ability to undergo multi-day torpor bouts has been
poorly studied: most are thought to migrate to Mexico and remain active all winter. As part of a larger study
to compare immune responses in WNS-susceptible and WNS-resistant bat species, we first tested the ability
of Mexican free-tailed bats to enter and sustain torpor bouts in the summer. Using temperature-sensitive
data-loggers to track body temperatures, and oxygen consumption to calculate metabolic rates, we
monitored bats (n = 12) at temperatures from 2–22°C, for durations of 6–12 hours. Preliminary results
suggest that they could survive these conditions, although it is not clear how well they could arouse
themselves from the colder temperatures as passive rewarming was provide. The use of torpor above 10C
appeared to be facultative under these conditions, and negatively correlated to body mass.
Who Moves Where and When? What We Can Know from Scientific Collections
Leonora Torres Knoop

Departamento de Zoología, Instituto de Biología. Universidad Nacional Autonóma de México, Ciudad de México,
MEX

The lesser long-nosed (Leptonycteris yerbabuenae) bat is one of the three nectarivorous and
migratory species of Mexico. From 1994 until 2013 this species was considered as endangered by the
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Mexican law. Removal from the endangered list responded both empirical studies showing an increasing
population, and to conservation efforts from government, academia, and society. Different factors have
been suggested as drivers underlying migration patterns and population dynamics. Contrasting with the
migratory behavior, it also has been proposed the existence of a resident population in the center of Mexico.
However, due to its characteristic biology (cave roosting, great distance of dial movements, and nocturnal
activity), obtaining information regarding actual routes and movements is very challenging. With this
analysis, I aimed to assess roost dynamics of the species throughout the year using the GBIF free-access
database. I evaluated the pattern of the records by considering the location and date of every record and I
linked it with previously proposed hypothesis of the species dynamics population. I found that the records
belonging to the winter season have the highest concordance with the hypothesis, and that transitional
regions have the most abundant presence records. With this analysis, I identified some of the gaps and bias
of the information regarding the species distribution with the objective of contribute to the integral
understanding of the biology of this species.
Does Land-use Change Affect the Interaction between Phyllostomid Bats and their Ectoparasite
Flies?
Liliana Trujillo-Pahua, Sergio Ibáñez-Bernal
Red de Ambiente y Sustentabilidad, Instituto de Ecología A. C., Xalapa, MEX

The family Streblidae is a small group of Diptera specialized as obligate parasites of bats. In this
study we tested if this specificity keeps when landscapes change. We captured bats from three different
sites: Forest, Orchard, and Urban park. The ectoparasites were collected in 96% ethanol. We performed a
bipartite network, rank-abundance curves, and calculated parasitological parameters: prevalence (P), mean
abundance (A) and mean intensity (I). We recorded 325 bats from 9 species and 225 streblids from 7
species. For bats, richness was the same for the three environments and abundance was higher in the urban
park. Sturnira hondurensis was dominant for the forest and crops. Streblids where more abundant in the
forest, with Megistopoda proxima being the dominant species for all environments. The parasitological
parameters were higher in the Forest (P = 37.5%, I = 3.4, A = 1.2). Megistopoda proxima and
Paratrichobius longicrus show inverse patterns in the hosts they parasitize. The bat assemblage changes in
the different environments due to the availability of food resources and vegetation cover. The higher
diversity of bats in the urban park can be related to the surrounding matrix. The highest abundance of
streblids was found in the forest, supporting the idea that bats with better conditions support higher parasite
loads. The interaction network supports the high host specificity for Anastrebla modestini, but shows how
other species like Paratrichobius longicrus or Megistopoda proxima are apparently flexible species that
change hosts when their primary hosts are not available.
Phylogenomics of the Pteropus hypomelanus Species Complex in Archipelagic Southeast Asia
Susan M. Tsang1,2, Sigit Wiantoro3, Maria J. Veluz2, Madhvi X. Venkatraman4,5, Lillian D. Parker5,6,
Susette Castañeda Rico5,6,7 and Jesus Maldonaldo5

1 Department of Mammalogy, Division of Vertebrate Zoology, American Museum of Natural History, New York, USA;
2 Mammalogy Section, National Museum of the Philippines, Manila, PHL; 3 Museum Zoologicum Bogoriense,
Indonesian Institute of Sciences, Bogor, IDN; 4 Biological Sciences Program, University of Maryland, College Park,
USA; 5 Center for Conservation Genomics, National Zoological Park, Smithsonian Institution, Washington, D.C.,
USA; 6 School of Systems Biology, George Mason University, Fairfax, USA; 7 Smithsonian-Mason School of
Conservation, Front Royal, USA

Pteropus hypomelanus is the only Pteropus species with a disjunct distribution in the Paleotropics,
making its range the widest in the genus despite having small individual home ranges. Range breadth and
limited morphologic variability make it difficult to identify subspecies on commonly used diagnostic
characteristics, often leading to misidentification with other overlapping Pteropus species. It has long been
suspected that the hypomelanus species complex included cryptic taxa, and questions have been raised as
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to the validity of the named subspecies. We tested these hypotheses using UCE target capture and
mitogenomic data and included material from the type locality of P. hypomelanus and other key island
populations. Our analyses suggest that P. hypomelanus is monophyletic and archipelagic hypomelanus
lineages each have unique molecular signatures that may be a result of both evolution in isolated island
environments and historical introgression with co-occurring Pteropus species. To build on this
understanding of the species complex in the future, we plan to include historical museum species of other
hypomelanus subspecies and of the closely allied P. melanotus and P. griseus species complexes.
Energetics and Foraging Behavior of the Mexican Fishing Bat during Lactation
Andrea T. Valdés1, L. Gerardo Herrera M.2, John R. Speakman3, Catherine Hambly3, Edward Hurme4,
Stefan Greif5,6, Yossi Yovel5,7, José Juan Flores-Martínez8 and Dave S. Johnston9

1 Instituto de Biología, Universidad Nacional Autonóma de México, Ciudad de México, MEX; 2 Estación de
Biología Chamela, Instituto de Biología, Universidad Nacional Autonóma de México, Jalisco, MEX; 3 Zoology
Department, School of Biological Sciences, Aberdeen University, Scotland, GBR; 4 Department of Biology,
University of Maryland, College Park, USA; 5 School of Zoology, Faculty of Sciences, Tel Aviv University, ISR; 6
Acoustic and Functional Ecology, Max Planck Institute for Ornithology, Seewiesen, DEU; 7 Sagol School of
Neuroscience, Tel Aviv University, ISR; 8 Departamento de Zoología, Instituto de Biología, Universidad Nacional
Autonóma de México, Ciudad de México, MEX; 9 H. T. Harvey & Associates, San Jose State University, USA

The fishing bat Myotis vivesi is endemic to desert islands and shores in the Gulf of California where
season and daily ambient conditions are extremely variable. Another particularity of these bats is that they
fish in the open ocean where food is randomly distributed, so individuals must optimize their search for
prey each night. Additionally, during periods energetically expensive such as lactation, bats must invest in
tissue production and parental care until weaning, which might represent an important energetic challenge.
Accordingly, we hypothesized that energetic expenditure in these animals should increase as lactation
period progresses, declining with weaning. We measured daily energy expenditure (DEE) of lactating
individuals using doubly labeled water technique. To account for other factors affecting the energetics of
bats, we measured time spent foraging, distance traveled each night and ambient temperature, wind speed,
and relative humidity. Foraging duration and distance were measured by fitting each bat with a miniature
GPS. Our results showed that DEE averaged 57 kJ, from which 70% were allocated to foraging activities.
The DEE increased as lactation advanced and was positively correlated with pups’ forearms. Individual
foraging averaged 6 hours with a total mean distance of ~65 km. This time spent foraging did not increase
as lactation advanced, suggesting it is associated with other variables such as food availability, but further
studies are needed. We also recommend further energetics studies including milk output, males and other
year seasons, to better understand energetics of these bats.
Influence of Farm Structure on Insectivorous Bat Activity in the Vaca Forest Reserve, Belize
Laura E. Vining, Emma V. Willcox, Adam S. Willcox and Lauren N. Watine

Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, USA

In many agroecosystems, insectivorous bats are predators of crop pests. As a result, they are
assumed to provide benefits through pest suppression and facilitation of crop production. As part of the
USDA’s Research and Extension Experiences for Undergraduates Program, we investigated insectivorous
bat activity on farms in the Vaca Forest Reserve (VFR), Belize. The VFR is specifically managed to
incorporate some agricultural use and farmers grow fruit and vegetable crops on land within the reserve’s
boundaries. Our objective was to understand how farm structure influences insectivorous bat activity, the
goal being to develop management recommendations that might allow farmers to enhance the pest
suppression services bats provide on their lands. During the summer of 2017, we deployed SM2+ acoustic
bat detectors (Wildlife Acoustics, Maynard, USA) on 20 farms in the VFR. We programmed these detectors
to recorded bat calls from sunrise to sunset for a period of 8 days. Concurrently, we also measured a variety
of vegetation characteristics (e.g. canopy cover, stem density, crop richness) within a 0.01 ha plot centered
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on each detector to assess farm structure. Over the summer, we recorded >7,000 bat calls. We will present
the results of our analyses examining the relationship between bat activity and farm structure.
Pollen Identification Provides Evidence that Pallid Bats Visit Agave Species in the Chihuahuan
Desert
Virginia G. Jaquish and Loren K. Ammerman
Department of Biology, Angelo State University, San Angelo, USA

Pallid bats, Antrozous pallidus, though primarily insectivorous gleaning predators, are known to
consume nectar of cardón cactus, Pachycereus pringlei, and act as effective pollinators of this species in
the Sonoran Desert. It is unknown whether a similar nectar feeding behavior may be occurring in the
Chihuahuan Desert of southwest Texas, where several researchers have captured pallid bats covered in
pollen. The species of pollen has not been identified. We collected pollen samples from pallid bats in
Brewster County, Texas each month between April and August 2018. Clear tape was used to collect samples
from the wing membrane on and around the 5th metacarpal. Cubes of glycerine and gelatin with fuchsin
stain were used to collect, stain, and preserve the exine characteristics of pollen samples. Tape and cube
samples were examined using light microscopy and photographed under 40x and 100x total magnification.
Of the 67 bats sampled 40 were found to have pollen densities >1 grain per mm2 and of these 24 had high
pollen densities between 19 and 158 grains per mm2. We encountered most of the bats covered in high
density of pollen in April and August. When compared to a pollen reference collection, the samples were
similar in size and exine morphology to Agave pollen. Further analysis is needed to distinguish the pollen
of the two species that occur in this region of Texas, Agave havardiana and Agave lechuguilla, and to
determine if the pallid bat is consuming nectar from the flowers that it visits.
Studying Populations of Myotis lucifugus in Yellowstone National Park through High-frequency
Radio-frequency Identification and Mark-resight Analyses
Austin G. Waag1, John J. Treanor2, Jess N. Kropczynski3 and Joseph S. Johnson1

1 Department of Biological Sciences, Ohio University, Athens, USA; 2 Yellowstone National Park, National Park
Service, Mammoth, USA; 3 School of Information Technology, The University of Cincinnati, Cincinnati, USA

The spread of white-nose syndrome in North America has created an urgent need to estimate
population sizes and connectivity to evaluate the success of current conservation strategies and indicate
where management action is required. Although numerous field methods and analytical tools are available
for gathering and evaluating population-level data, the dearth of known hibernacula in western North
America precludes the use of many of these strategies. Here, we present a novel approach for studying
population ecology in the Rocky Mountains by using high-frequency radio-frequency identification (HFRFID), in combination with an analytical approach previously unused to research bats. For use with these
techniques, we subcutaneously implanted 301 female little brown myotis (Myotis lucifugus) in Yellowstone
National Park with HF-RFID tags and installed 8 continuously scanning HF-RFID readers with 45 antennas
inside three maternity roosts. We recorded 2,928,461 detections of 142 HF-RFID tagged bats between June
2017 and August 2018. Using mark-resight models utilizing data from HF-RFID detections and emergence
counts, we estimated the pre-parturition population size at one building in 2017 to be 904.13 (95% CI =
775.47–1054.16). In 2018, we estimated this same population to be 715.38 (95% CI = 614.91–832. 25) and
estimated a population at a second building to be 199.86 (95% CI = 172.71–231.98). This combination of
HF-RFID and mark-resight models provide estimates with relatively narrow confidence intervals, allowing
biologists to track long-term population trends and uncover aspects of little brown myotis ecology that will
be essential for managing bats populations throughout the region.
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Hoary Bats Swarm
Theodore J. Weller

USDA Forest Service, Pacific Southwest Research Station, Arcata, USA

Swarming is a common behavior for many temperate-zone bat species. This behavior is
characterized by aggregations of bats engaged in intense flight activity including chasing and social
vocalizations. Although its precise function is unresolved and may vary among species and situations,
swarming behavior has several unifying characteristics. Swarming occurs during the autumn as bats move
between summer and winter habitat. Sex ratios at swarms are typically highly male-biased. Usually a small
proportion of individuals hibernate at the same sites where they swarm. Individuals may show fidelity to
particular swarming sites but turnover among individuals on consecutive nights at the swarming site is high.
To date, swarming behavior has been observed in bats that hibernate in underground sites. Using evidence
collected through infrared video, mark-recapture, radio-telemetry, GPS and data-logging tags since 2014, I
propose that hoary bats exhibit many of the behaviors associated with swarming. However, in contrast to
other swarming studies, the observed behaviors were dispersed over a 6 km stretch of stream channel in a
redwood forest in northwestern California. These observations, in concert with observations of a minority
of individuals overwintering at this site, serves to expand our knowledge of the behavioral ecology of hoary
bats while blurring the distinction between migratory and hibernating bat species.
Using Epigenetic Clocks for Comparative Analyses of Bat Longevity
Gerald S. Wilkinson1 and Steve Horvath2

1 Department of Biology, University of Maryland, College Park, USA; 2 Department of Human Genetics, University
of California, Los Angeles, USA

Recorded lifespans of bats greatly exceed other placental mammals of similar body size. Moreover,
considerable variation in lifespan is present among bats. In this talk, I will present a phylogenetic analysis
of potential factors that could explain variation in lifespan among 90 species of bats, such as hibernation,
roosting site, diet, sexual conflict – as estimated by sexual dimorphism, and sociality. I will also describe a
method for estimating the age of a bat that takes advantage of patterns of methylation on conserved regions
of DNA that change in a predictable way over time. By measuring methylation scores across thousands of
sites from individuals of known age a predictive relationship can be obtained. Development of such a
"clock" should provide a way to determine the age of any wild bat without previous capture and marking
and thereby greatly expand the scope of future longevity analyses.
Understanding Farmer Knowledge of and Attitudes Toward Bats in the Vaca Forest Reserve,
Belize
Adam Willcox1, Mallory Tate1, Hannah Shapiro1, Emma Willcox1 and Erin Butikofer2

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, USA; 2 Quinney College of
Natural Resources, Utah State University, Logan, USA

The Vaca Forest Reserve is a 16,339 ha multi-use reserve in western Belize that supports
approximately 50 farming families in and adjacent to its borders. Farmers of the Vaca frequently interact
with a variety of wild species, including at least 75 insectivorous, frugivorous, carnivorous, and
sanguinivorous bat species. Conversations with farmers indicated they received training on trapping and
poisoning bats in hopes of reducing rabies transmission to livestock. To reduce poisoning and promote bat
conservation and knowledge of bat-related ecosystem services, we quantified farmer knowledge and
attitudes toward bats. During summer 2018, we surveyed 44 farmers in and around the Vaca. The survey
was 49 questions addressing knowledge of bat behavior; understanding of ecosystem services and disease
risks associated with bats; and emotions and attitudes toward bats; and farmer sociodemographics. Farmers’
attitudes toward bats were moderately negative, with farmers thinking they are ugly (70%), worthless
(40%), and dangerous (43%). However, our results indicate that these feelings are likely due to economic
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damages rather than human health concerns. Results also suggest farmers’ knowledge of disease risks
associated with bats is low, though they interact with them almost daily. When asked about the need for
management of bats, 57% of farmers who responded positively to management suggested killing or
poisoning bats. In summer 2019, we will use our results to develop bat extension programming in
collaboration with local conservation organizations. Additionally, data will be used to develop a global bat
attitude and emotion scale that can be adapted to a variety of conditions.
Which Niche? Comparing Niche Metrics for Bat Diets across Prey Taxonomic Levels
Amy K. Wray1,2, Claudio Gratton2, Michelle A. Jusino3, Jon Palmer3, Mark T. Banik3, J. Paul White4,
Heather Kaarakka4, Daniel L. Lindner 3 and M. Zachariah Peery1

1 Department of Forest and Wildlife Ecology, University of Wisconsin-Madison, Madison, USA; 2 Department of
Entomology, University of Wisconsin-Madison, Madison, USA; 3 Center for Forest Mycology Research, USDA Forest
Service, Northern Research Station, , Madison, USA; 4 Wisconsin Department of Natural Resources, Madison, USA

The use of high-throughput amplicon sequencing (HTAS) has transformed the analysis of
generalist animal diets, providing identification of prey items that is both broader in overall scope and
deeper in taxonomic resolution than was previously possible with morphological methods alone. However,
the broader question of how to actually quantify dietary niche breadth based on molecular dietary data
remains largely unanswered. To investigate the comparability of dietary niche breadth calculations, we
conducted a meta-analysis of relevant literature on little brown (Myotis lucifugus) and big brown bat
(Eptesicus fuscus) diets and used our own molecular analyses to assess total richness, Simpson’s diversity,
Levin’s standardized niche breadth, and Pianka’s measure of niche overlap. We calculated these metrics at
several prey taxonomic levels, and also considered resource states that included all potential prey items for
both bat species versus all potential prey items for each single species. From these analyses, our data suggest
that 1) little brown bat dietary niche breadth is driven largely by variation within populations, whereas big
brown bat dietary niche breadth was driven by individual niche breadth; and 2) the influence of little brown
bats on the dietary niche of big brown bats is greater than the influence of big brown bats on little brown
bats. Understanding the links between arthropodivorous bats and their prey remains a particularly salient
question as these economically important predators face population declines from white-nose syndrome in
North America and from other factors across the globe.
Niche Partitioning in Carollia Explained by Divergence in Diet and Olfaction
Laurel R. Yohe1,2, Leith Leiser-Miller3, Sharlene E. Santana3 and Liliana Dávalos2

1 Department of Geology & Geophysics, Yale University, New Haven, USA; 2 Department of Ecology & Evolution,
Stony Brook University, Stony Brook, USA; 3 Department of Biology, University of Washington, Seattle, USA

Bat-plant mutualisms are critical for maintaining the diversity and distributions of tropical plants,
but the strength of this mutualism and whether the interaction has evolved through selection is not well
understood. Understanding the extent to which bats are adapted to locate and consume particular plant
resources can reveal the evolutionary processes that have led to the evolution of mutualism. We collected
fecal samples and sequenced the olfactory receptor repertoires of three sympatric species of Carollia, a bat
genus that varies in its specialization on the soft fruits of Piper plants. We used Bayesian hierarchical
modeling to estimate piper preferences based on seed abundances in fecal samples and compared the
olfactory receptor repertoires among Carollia. The most dedicated Piper specialist, Carollia castanea,
demonstrated a strong preference for three piper plants specifically not preferred by the generalist species
and had a unique set of olfactory receptors not shared by the generalist, which may enable the detection of
its primary resource to an extent that the other species cannot. Surprisingly, perspicillata, the species with
the most generalized diet, had a lower diversity of functional receptors, which may result from either a
genetic bottleneck or neutral evolution and loss of some receptors. Future work on population dynamics
within Carollia will shed light on this pattern. Olfactory receptor variation may be a factor in the
coexistence of these sympatric species, facilitating the exploitation of different resources. Our study
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illuminates how gene duplication structures dietary adaptations and reinforces patterns of mutualism
interactions between bats and plants.
Bringing the Museum to the High-school Classroom with 3D-printed Bat Skulls
Heather A. York
Choate Rosemary Hall, Wallingford, USA

The examination of biological specimens is critical for students’ understanding of anatomy.
Whereas teaching collections and commercially available specimens often are sufficient for demonstrating
the salient characteristics of higher-level taxa and of representative organisms (i.e., those organisms
commonly studied in survey courses), museum collections are much more useful for illustrating the features
that distinguish related groups and the variation within species or populations. Nonetheless, often only
researchers with experience are permitted hands-on access to museum collections, and working in museums
can be constrained by distance to collections, the time and financial costs of travel, and the availability of
museum staff. The expanding availability of shared museum resources—such as digitized catalogs,
databases, and images—addresses many of these constraints but cannot take the place of hands-on
observation and measurement of specimens. The high-school course in Vertebrate Evolution at Choate
Rosemary Hall made use of CT images, shared by colleagues with access to museum collections, and onsite 3D-printing technology to create a custom set of phyllostomid bat crania used in an examination of
ecomorphology. This novel use of increasingly available resources is recommended for expanding young
scientists’ access to biological specimens, improving students’ ability to address unique and sophisticated
morphological questions, and promoting an appreciation of the importance of museum collections.
Long-nosed Bats, Migration, and Parasitism
Daniel Zamora-Mejías1,2, Rodrigo A. Medellín1, Juan Bibiano Morales-Malacara3 and Bernal RodríguezHerrera2
1 Instituto de Ecología, Universidad Nacional Autonóma de México, Ciudad de México, MEX; 2 Universidad de
Costa Rica, San Pedro, CRI; 3 Unidad Multidiciplinaria de Docencia e Investigación, Facultad de Ciencias,
Universidad Nacional Autónoma de México, Campus Juriquilla, Juriquilla, MEX

Parasites are considered an important selective force acting on local populations and shaping
communities and ecosystems. In a broad spectrum, a host represents not only the food resource for the
parasite, it is also its habitat and a way to disperse. Host’s behavior, geographical range, spatial movement
and population density may impact parasitic transmission and parasite abundance, being important drivers
of parasite variability, therefore our aim was to measure the variability and changes in parasitic loads among
long-nosed bat species over their distribution ranges. From April 2017 to June 2018 we investigated the
ectoparasites associations of two batflies species and wing mites in twelve caves along the migratory routes
of Long-nosed bats. We inspected a total of 650 bats and collected more than 10,000 ectoparasites. We
analyzed the data using General Linear Mixed Models, Molecular and Geometric Morphometric Analysis.
Our preliminary results show that parasites tend to be more abundant on different host species at specific
localities along their distribution, additionally, the larger host has more parasites than smaller hosts. Other
factors as the interaction between sex and reproductive status might have an important impact over parasitic
abundance. Geometric morphometric shows evidence of coevolution and species divergence on wing mites,
following the phylogeny of its host. Even though, our knowledge of main factors that shape the interactions
between the bat hosts and its parasites remains elusive, bats and their parasites may play an important role
in providing guidelines for conservation and a better understanding of the disease transmission and
infectivity.
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Ecological and Environmental Drivers of Variation in Bat Echolocation Calls
Veronica Zamora-Gutierrez1, Cristina MacSwiney G.2, Rafael Ávila-Flores3, Melina Del Real-Monroy4,
Julián Equihua-Benítez5, Everardo Robredo-Esquivelzeta5, José Antonio Guerrero6, Celia LópezGonzález7, Santiago Martínez Balvanera5, Jorge Ortega8 and Celia I. Selém-Salas9

1 Consejo Nacional de Ciencia y Tecnología, Centro Interdisciplinario de Investigación para el Desarrollo Integral
Regional-Unidad Durango, Instituto Politécnico Nacional, Durango, MEX; 2 Centro de Investigaciones Tropicales,
Universidad Veracruzana, Xalapa MEX; 3 División Académica de Ciencias Biológicas, Universidad Juárez
Autónoma de Tabasco, Villahermosa, MEX; 4 Laboratorio de Genómica Evolutiva, Universidad Autónoma de
Zacatecas, Zacatecas, MEX; 5 Comisión Nacional para el Conocimiento y Uso de la Biodiversidad, Ciudad de México
MEX; 6 Facultad de Ciencias Biológicas, Universidad Autónoma del Estado de Morelos, Morelos, MEX; 7 Centro
Interdisciplinario de Investigación para el Desarrollo Integral Regional-Unidad Durango, Instituto Politécnico
Nacional, Durango, MEX; 8 Laboratorio de Bioconservación y Manejo, Departamento de Zoología, Instituto
Politécnico Nacional, Ciudad de México, MEX; 9 Universidad Autónoma de Yucatán, Mérida, MEX

Sensory traits are used by organisms to perceive and respond to information about their
environment and their variation directly impacts individual fitness. Bat echolocation is an important sensory
trait used for navigation and communication that influences species survival and reproduction. However,
little is known about the patterns and causes of variation in bat echolocation pulses. Here, we analyzed the
patterns and triggers for variation of echolocation pulses in 13 bat species. Animals were sampled using a
standardized protocol across contrasting environments and geographic extent in Mexico. The resulting
audio collection was manually annotated, and call events were transformed to a constant dimensional
feature representation composed by time/frequency samples at positions evenly spaced over the shape’s
longitude. We used Generalized Linear Mixed Effects Models to assess the influence of variables related
to geography, environment, and evolutionary history over call variation. The influence of each predictor
was estimated by grouping the calls by different taxonomic levels and guilds. Evolutionary variables had
the largest coefficients within families, indicating greater influence over variation. The highest ranked
coefficients at guild level were longitudinal range and mean annual precipitation. Genus and species levels
had fewer predictors since some of the variables were constant for most cases and had maximum overall
coefficients for latitudinal range and mean annual precipitation. Our study highlights the influence of
evolutionary history and environmental discontinuities on call plasticity and how they influence calls based
on different grouping levels.
Bat Activity Patterns Decline and Shift in Northeastern Iowa
Gerald L. Zuercher

Department of Natural & Applied Sciences, University of Dubuque, Dubuque, USA

As part of a long-term bat monitoring program at Effigy Mounds National Monument in
northeastern Iowa, acoustic detectors have been established at multiple permanent locations. Detectors at
three sites have been recording continuously since early 2016. Seven species have been documented in the
park via acoustic detection as well as mist-net surveys: Eptesicus fuscus, Lasionycteris noctivagans,
Lasiurus borealis, Lasiurus cinereus, Myotis lucifugus, Myotis septentrionalis, and Perimyotis subflavus.
Results from May and June of 2016 were compared to results from May and June of 2018 to determine the
extent of change to the bat community after impacts of white-nose syndrome (WNS) were detected during
2017. This time period corresponds to post-hibernation activity and the presence of migratory species. The
number of bat calls recorded in 2018 represented a 72% decrease compared to 2016. Decreases were
observed in four species: Lasiurus borealis (94%), M. lucifugus (84%), M. septentrionalis (89%), and P.
subflavus (71%). However, increases in call activity were detected in three species: E. fuscus/Lasionycteris
noctivagans (combined = 47%) and Lasiurus cinereus (152%). A Chi-square test confirms that species
activity in 2018 differed significantly from the species activity in 2016 (χ2 = 40,392.76; d.f. = 5, P <0.001).
These results echo the patterns observed across the mid-west United States with WNS-affected species
(Myotis sp. and Perimyotis) experiencing significant declines. The dramatic decrease of call activity by
Lasiurus borealis is puzzling and requires further investigation.
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Variation in Dental Metrics and Proportions in Pteropodidae
Madeleine E. Zuercher1, Rena R. Dvoretzky1, Shruti Ravindramurthy1, Tesla A. Monson1,2,3 and Leslea J.
Hlusko1,2

1 Department of Integrative Biology, University of California, Berkeley, USA; 2 Museum of Vertebrate Zoology,
University of California, Berkeley, USA; 3 Anthropologisches Institut und Museum, Universität Zürich, Zürich,
CHE

Pteropodidae is a family of large, frugivorous, non-echolocating bats whose geographic range spans
sub-Saharan Africa, southeast Asia, and Oceania. The family is monophyletic; its lineage split nearly 60
million years ago from other usually smaller, echolocating bats. We used dental metrics and proportions to
gain insight into possible selection on body size, biogeography, and dietary specialization in Pteropodidae.
We took linear measurements from four postcanine teeth on 102 megabats: Dobsonia minor (n = 14),
Dobsonia moluccensis (n = 5), Pteropus conspicillatus (n = 20), Pteropus woodfordi (n = 2), Pteropus
yapensis (n = 30), and Rousettus amplexicaudatus (n=31), all held at the Museum of Vertebrate Zoology.
On average, Pteropus conspicillatus had the largest teeth and Pteropus woodfordi had the smallest teeth.
Body size explains 90.9% of the variation in dental metrics between species (PCA). We find sex-specific
differences only in the length of the fourth premolar in Rousettus amplexicaudatus (t-test, P <0.05). We
also explored taxonomic relationships with the molar module component (MMC) and premolar-molar
module (PMM) ratios, the morphological outputs of two recently proposed, size-independent genetic
patterning mechanisms which capture relative proportions of teeth. We find that these ratios separate our
specimens by species and genus. While MMC clusters by phylogenetic relatedness, PMM distinguishes
taxa less clearly, mimicking the pattern identified for other mammalian orders. This study is one of the first
to investigate variation in pteropodid dental proportions and utilizes a newly-defined phenotype to
discriminate megabat species. As Pteropodidae is a large family within Chiroptera, understanding dental
evolution in this family can inform our understanding about evolution more generally.
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