
INTRODUCTION

Species of the subfamily Murininae are small to
medium-sized bats of the family Vespertilionidae.
They are distributed throughout Asia from north-
eastern Pakistan, eastern Siberia, Korea to Japan to
northeastern Australia. Diagnostic characters are the
combination of: tubular nostrils, thick and woolly
fur, furred forearms, hind limbs, proximal parts of
wing membranes, and upper surface of interfemoral
membrane; and two premolars in both the upper and
lower toothrows, where the first premolars are 
unusually well-developed (Tate, 1941; Corbet and
Hill, 1992; Koopman, 1994; Simmons, 2005; Kuo et
al., 2006, 2009; Francis and Eger, 2012).

Simmons (2005) listed 17 species of the ge-
nus Murina Gray, 1842 and subsequent studies de-
scribed further 21 species, mostly from southern Asia

(Csorba and Bates, 2005; Bumrungsri et al., 2006;
Csorba et al., 2007, 2011; Kruskop and Eger, 2008;
Furey et al., 2009; Kuo et al., 2009; Eger and Lim,
2011; Francis and Eger, 2012; Ruedi et al., 2012;
Soisook et al., 2013a, 2013b; Tu et al., 2015).
Inventory studies have been recently conducted in
many Southeast Asian countries such as Thailand
(10 species — Bumrungsri et al., 2006; Soisook,
2011; Soisook et al., 2013a, 2013b), Laos (eight
species — Francis and Eger, 2012), Cambodia (five
species — Csorba and Bates, 2005; Matveev and
Csorba, 2007; Csorba et al., 2011; Ith et al., 2011),
and Myanmar (four species — Bates et al., 2000),
indicating that the genus Murina includes interest-
ing forest bats with high species diversity in Asia.

The subfamily Murininae also includes further
two genera, Harpiocephalus Gray, 1842 and Har -
piola Thomas, 1915. The validity of the genus
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The subfamily Murininae has high species diversity in Vietnam, but taxonomic studies are limited. In this paper, we describe a new
species of the genus Murina based on a specimen collected from Ngoc Linh Nature Reserve, Kon Tum Province in the Central
Highlands of Vietnam. It is a medium-sized species with ‘suilla-type’ dentition. A taxonomic review of Murininae from Vietnam
was also conducted based on combined morphological, DNA, and karyological characteristics. Molecular phylogenetic analyses
based on the mitochondrial cytochrome c oxidase subunit (COI) gene supported the subfamily Murininae, while the genus Murina
proved to be paraphyletic in relation to the genera Harpiocephalus and Harpiola. Fourteen species of the genus Murina, one species
of Harpiocephalus, and one species of Harpiola are recognized from Vietnam. Murina tiensa is regarded as a junior synonym of 
M. harrisoni; strong sexual dimorphism was observed in M. harrisoni. Relations between forearm length and total length of skull
showed different trends among species and sexes. Karyotypes of Murina huttoni, M. cyclotis, M. lorelieae, M. beelzebub, M. feae,
and Harpiola isodon were 2n = 44, FN = 50, while that of Harpiocephalus harpia was 2n = 44, FN = 52.
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INTRODUCTION

Stoliczka’s trident bat, Aselliscus stoliczkanus
(original spelling is Asellia stoliczkana; type local-
ity: Penang island, Peninsular Malaysia) (Dobson,
1871) is a small species of the family Hipposideri -
dae that roosts in caves and forages in cluttered 
microhabitats in both intact and disturbed forests 
of northern Southeast Asia, from Myanmar and
southern China in the North through Thailand, Laos
and Vietnam to Pulau Tioman island, Peninsular
Malay sia in the South (Fig. 1) (Lekagul and
McNeely, 1977; Zubaid, 1988; Struebig et al., 2005;
Li et al., 2007; Bates et al., 2008; Francis, 2008). Its
sister-species, Aselliscus tricuspidatus, is found on
the Molucca Islands, in New Guinea, on the
Bismarck Archi pelago, on the Solomon Islands, on
Vanuatu and adjacent small islands (Corbet and Hill,
1992; Simmons, 2005). The two species of Asel -
liscus overlap in body size, but A. tricuspidatus was

known to have a slightly longer forearm and tail
(Sanborn, 1952). They can be distinguished by sev-
eral discrete morphological characters: i.e., the
upper margin of the posterior noseleaf (Zubaid,
1988); the outline of the rostrum; the extent and po-
sition of the upper expansion of the zygoma; and the
position and relative size of the second lower pre-
molar (Sanborn, 1952).

Dobson’s (1871) description was published just
before Peters’ (1871) paper, who described a new
trident bat species from Myanmar (without precise
locality) named Phyllorhina trifida (=A. trifidus),
which was then treated as synonym of A. stolicz -
kanus by Dobson (1876). Later, Osgood (1932) de-
scribed a new species, Triaenops wheeleri from
northwestern Vietnam (locality: Muong Muon) also
considered as a synonym of A. stoliczkanus by sev-
eral authors (Tate, 1941; Sanborn, 1952; Corbet and
Hill, 1992). Currently, trident bats found in Main -
land Southeast Asia are regarded as representatives
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Trident bats found in mainland Southeast Asia are currently subsumed into a single species, Aselliscus stoliczkanus. In this study,
we examined morphological and genetic data from different populations from Southeast Asia, with a special focus on specimens
from Vietnam. Our analyses support the existence of a further species of Aselliscus in northeastern Vietnam that separated from 
A. stoliczkanus sensu lato (s.l.) during the late Miocene. Within the latter taxon, we identified five geographic lineages that diverged
from each other during the Plio-Pleistocene epoch. Some of them may also correspond to further separate taxa, but additional
molecular and morphological data are needed to test this hypothesis. Herewith, based on the combined evidences we describe the
northeastern Vietnamese population as a separate species.
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INTRODUCTION

West Africa has an exceptionally high diversity
of bats (Fahr and Kalko, 2011) with new species still
being described (e.g., Monadjem et al., 2013b). The
highest diversity appears to be at the ecotone be-
tween the Upper Guinea rainforest to the south and
the Guinea woodland to the north (Fahr and Kal-
ko, 2011). The Simandou Mountain Range in the
Guinea Forestière Region of southeastern Guinea
(Fig. 1) is situated within this ecotone and is there-
fore expected to harbour a large number of bat
species (Fahr and Ebigbo, 2003, 2004). Despite the
economic importance of this mountain range, which
has been targeted for iron ore mining, only a handful
of studies have examined the bat fauna of this re-
gion. The most recent bat surveys in the Simandou
Mountain Range were conducted by Conservation

International (CI) as part of two Rapid Assessment
Programs (RAPs). During the first RAP, in 2002, at
Pic de Fon, Simandou, 24 species of bats were doc-
umented from one high-elevation submontane forest
and grassland site (W2) and one semi-deciduous low -
land forest site (BK) (Fahr and Ebigbo, 2003, 2004).
For more detailed site descriptions and approximate
elevations, see Table 1. Simandou vegetation types
are described in more detail in Rio Tinto - Simfer
S.A. (2010). The bats captured during this RAP in-
cluded one species listed by the IUCN as ‘Vulne -
rable’, six species listed as ‘Near Threaten ed’, first
records for Guinea for two species (Keri voula pha-
laena and K. cuprosa) and a surprising first record
of Myotis welwitschii for West Africa (Fahr and
Ebigbo, 2003). A second RAP, in 2003, was design -
ed to examine potential offset sites for Simandou in
the nearby forêts classées (forest reserves) of Déré,
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Tropical West Africa has a high diversity of bats, which are relatively poorly studied. In this baseline biodiversity assessment of bats
in the Simandou Mountain Range of southeastern Guinea (Guinea Forestière), 312 individual bats belonging to 26 species were
captured, four of which represent new species records for the country. Combined with the results of a previous survey, 35 bat species
have been recorded at Simandou to date, including a new species (Neoromicia sp. nov.), which we describe here, and an additional
species potentially new to science. A neotype for Neoromicia tenuipinnis is designated. We present an annotated checklist of the bats
at Simandou and neighbouring sites, including some pertinent field notes on their habitat requirements and conservation status.
Furthermore, we discuss the estimated maximum species richness and show that Simandou supports one of the most diverse bat
communities in tropical Africa. Finally, we outline conservation concerns with respect to bats in the face of the iron ore extraction
activities at Simandou.
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INTRODUCTION

The rise of the Alpine mountain belt led to a par-
tition of the Tethyan Ocean around the Eocene/
Oligo ce ne boundary. This geodynamic process
caused that two different paleogeographic areas
evolved — the (Neogene) Mediterranean and the
Paratethys Seas (Rögl, 1998, 1999). The Badenian
marks the last period of significant connectivity be-
tween the Mediterranean and Paratethys (Rögl,
1998, 1999). The changes in Paratethys Sea paleo-
geography were clearly reflected in faunal evolution
and this region was divided into three areas —
Western (Alpine), Central (Carpathian, Balkan) and
Eastern (Crimean-Caucasian) Paratethys (Gozhyk et
al., 2015: Fig. 1, p. 236). Partial or total isolation 
of individual basins of the Paratethys Sea began to
be more and more pronounced in the Miocene to
Quaternary times.

The Miocene palaeoenviromental changes in the
Central Paratethys area caused by dramatic tectonic
and climatic rearrangements were accompanied by
major changes in the flora and fauna, especially dur-
ing the Middle Miocene (e.g., Hír, 2004; Venczel,
2004; Jiménez-Moreno et al., 2005). Detailed com-
parisons of fossil vertebrate assemblages from dis-
tant areas within the region (e.g., Furió et al., 2011)

thus provide essential information concerning the
Miocene palaeobiogeography of Central Europe, in-
cluding the relationships between particular palaeo-
bioprovinces and palaeoevents.

In these respects the fossil mammal records from
numerous Hungarian sites, which present a continu-
ous succession ranging from the early Badenian to
the earliest Pannonian (details see below), are of
considerable interest (e.g., Hír, 2004, 2010; Hír and
Kókay, 2010; Prieto et al., 2012, 2015). Detailed in-
formation is available particularly on rodents, while
other groups are either in the early stages of the
study, such as the insectivores (e.g., Gál et al., 1999;
Prieto et al., 2011) and lagomorphs (Angelone and
Hír, 2012), or remain undescribed, like the bats. In
general, records of fossil bats are quite scarce in
Hungarian localities older than the Pliocene, in con-
trast to the Pliocene and Pleistocene bats which are
abundant in karstic sites (e.g., Kormos, 1934; Kre-
t zoi, 1956; Topál, 1974, 1979, 1983, 1989). Some
Miocene bats were reported from the Hungarian
sites of Rudabánya (MN 9 — Bernor et al., 2004)
and Polgárdi (MN 13 — Topál, 1989). Here, for the
first time, we document the presence of bats in the
Middle Miocene site Hasznos of Hungary, which
deserve special consideration because the material
represents deposition in a non-karstic facies, in
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We record the first fossil bats from the Middle Miocene non-karstic marshy-lagoonal deposits at Hasznos, northern Hungary. The
bat material consists of mandible fragments of Miostrellus cf. petersbuchensis and Myotis bavaricus, the vespertilionid species until
now recorded only from the Miocene sites of Germany. The discovery suggests an extensive palaeogeographical distribution of these
species and connectivity of distribution ranges over the Central Paratethys region during the Late Badenian.
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INTRODUCTION

The endangered gray bat (Myotis grisescens),
listed by the U.S. Fish and Widlife Service
(USFWS) in 1976 (Brady et al., 1982), inhabits
karst regions of the southeastern United States (Har -
vey et al., 1999). The species experienced a 25%
population decline prior to its listing (Tuttle, 1979;
Harvey, 1992) that was largely attributed to the loss
of suitable hibernacula due to anthropogenic distur-
bance to hibernating bats and modification of criti-
cal cave microclimate conditions (Barbour and
Davis, 1969; Tuttle, 1979; Brady et al., 1982; Mar -
tin, 2007). Gray bats require specific conditions for
hibernation, with winter roosts that maintain tem-
peratures across a narrow range of 5–11°C (Harvey
et al., 1999). Individuals are typically philopatric to
both summer ranges and winter caves (Tuttle, 2003),
but may use as many as six different caves in the
summer. Because there are a limited number of
caves that meet the required hibernacula condi-
tions, gray bats often travel hundreds of kilometers

between summer and winter sites (Tuttle, 1976).
However, the Mississippi River Alluvial Plain repre-
sents a major disjunction between eastern and west-
ern karst regions, and because it is an area of limited
cave availability, it may significantly influence gray
bat migratory patterns and genetic structure. 

While population sizes in gray bats have in re-
cent years increased dramatically due to careful
management, approximately 95% of the overall
pop  ulation still hibernates in only 17 caves (Tuttle,
1979; Harvey et al., 2006). Because a large portion
of the species’ overall population is confined to such
a small number of critical sites, gray bats are partic-
ularly vulnerable to impacts of natural or anthro-
pogenic stressors. Over the past few years, the fun-
gal infection White-nose Syndrome (WNS) has
killed over six million hibernating bats in the United
States, effectively destroying entire populations at
some hibernacula (Foley et al., 2011; USFWS,
2011; WNS Cooperative Partners, unpublished data).
The fungus responsible for WNS, Pseudogymno -
ascus destructans, has been detected in gray bats
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In an attempt to fill knowledge gaps relating to genetic structure in the endangered gray bat (Myotis grisescens), we investigated
geographic patterns in multilocus microsatellite DNA (msDNA) genotypes and mitochondrial DNA (mtDNA) haplotype frequencies
across eight primary hibernacula. Isolation-by-distance (IBD) was absent in the msDNA data and no bottlenecks were detected, with
genotypic diversity (A

R
= 6.52, Ho = 0.64) and overall genetic differentiation (F

ST
= 0.024, P < 0.001) being comparable to other

Myotis and North American vespertilionids. Genetic structure (Φ
CT

= 0.063, P < 0.001) among groups of populations (K = 2) was
observed. We also identified a pattern of slight east-west regional genetic structure, likely attributable to the natural barrier of the
Mississippi River Alluvial Plain, in the haplotype data (Φ

CT
= 0.086, P < 0.05), along with moderate IBD (r = 0.486, P < 0.05).

Though genetic differentiation among populations was generally low, significant interpopulation genetic structure, likely arising
from some degree of philopatric behavior and a lack of hibernacula-associated mating sites within the Mississippi River Alluvial
Plain, was observed.

Key words: genetic diversity, guano, hibernacula, maternity colony, microsatellites, mitochondrial DNA, noninvasive sampling, 
population structure



INTRODUCTION

Nectarivorous bats provide essential ecosystem

services in tropical and subtropical regions, and pol-

linate 528 plant species in 250 genera (Dobat and

Peikert Holle, 1985; Fleming and Muchhala, 2008;

Fleming et al., 2009). The bat species in the Glos -

sophagine clade of the New World family Phyllo -

stomidae and the Macroglossine clade of the Old

World family Pteropodidae are adapted for diets of

nectar and pollen. Bat-pollinated plants are econom-

ically important as food, timber and sources of med-

icine (Fleming et al., 2009; Kunz et al., 2011). In

Southeast Asia, commercial crops like durian (Durio
zibethinus) and the canopy leguminous tree (Parkia
spp.) generate millions of dollars each year through

local and global markets (Fujita and Tuttle, 1991;

Kingston, 2010; Bumrungsri et al., 2013). Studies of

the pollination biology of these crops confirm high

degrees of self-incompatibility that requires cross

pollination for fruit set and improved yield (Hon-

sho et al., 2004). Nectarivorous bats are the principal

visitors to patches of flowering durian and Parkia
and are effective pollinators (Bumrun g sri et al., 2008,

2009). 

In mainland Southeast Asia, three species — the

dawn bat, Eonycteris spelaea, the lesser long-tongued

nectar bat, Macroglossus minimus and the greater

long-tongued nectar bat, Macroglossus sobrinus are

common nectarivores (Start and Marshall, 1976).

Macro glossus minimus is mostly confined to coastal

hab itats while M. sobrinus associates with banana

patches in inland habitats. Eonycteris spelaea visits

all habitat types such as fruit orchards, primary or

secondary forests and coastal mangrove forest and

shares food resources with both Macroglossus spe -

cies (Start and Marshall, 1976; Heaney et al., 1989;

Kitchener and Gunnel, 1990; Heideman and Utzur-

rum, 2003; Fukuda et al., 2009). Although E. spelaea
and Macroglossus share similar food habits and habi-

tats, they are dissimilar in body size and roosting

strategy — Macroglossus spp. are smaller and live in

tree foliage singly or in small groups while E. spelaea
are larger size and live in caves in large numbers.
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We studied the foraging behaviour of the dawn bat Eonycteris spelaea, a cave roosting nectarivore widespread in SE Asia, and

principal pollinator of economically important crops. We radio-tracked 17 individuals for five to 19 nights over a three month period.

The bats were from three cave colonies in agricultural habitats in southern Thailand. They traveled between one and 17.9 km 

(0 ± SD: 4.4 km ± 5.07, median = 2.34) from their roosting cave to food sources. The mean home-range size of the individuals varied

with the method used in its calculation from 518.4 ha (100% Minimum Convex Polygon, MCP) to 564.5 ha (100% Local Convex

Hull method, LoCoH) and 460.8 ha (95% Kernel density estimation, KDE). The mean size of foraging areas used by the bats also

varied according to the method of calculation from 14.26 ha (100% MCP), 13.25 ha (100% LoCoH) and 38.52 ha (95% KDE) and

accounted for 21.9%, 20.08% and 40.5% of the respective home-range size. The bats foraged in one to three foraging areas each

night. The greatest distance between feeding trees varied between 0.25 and 8 km (mean 1.25 km ± 2.19). Those bats with multiple

foraging areas moved from patch to patch of Durio zibethinus and did not return to a previously visited patch, whereas those feeding

on Parkia repeated their visits to several patches in a single night. Ninety percent of foraging areas used by the radio-tagged

individuals were in managed habitat such as fruit orchards and yards of houses to which the bats maintained strong site fidelity.

Key words: radio-tracking, home range, foraging areas, fidelity, Eonycteris spelaea



INTRODUCTION

Roosts provide bats places for resting, reproduc-
tion, and social interaction and protect bats from 
unfavorable thermal conditions as well as predators
and other disturbances (Hermanson and Wilkins,
1986; Kalcounis-Rüppell et al., 2005; Kunz and
Fenton, 2006; Neubaum et al., 2007; Klug et al.,
2012). Roost availability and quality are critical for
bats to survive (Fenton, 1997; Kunz and Fenton,
2006). Therefore bats selectively choose roosts that
can meet their life history requirements. In natural
settings, various bat species choose plants, caves or
rock crevices as roosts. When man-made structures
are available, they also serve as roost options for
many species of bats (Lewis, 1995; Kunz and Fen -
ton, 2006; Ammerman et al., 2012).

Mexican free-tailed bats (Tadarida brasiliensis)
are one of the most widely distributed bat species in
the Western Hemisphere, with millions active 
throughout the year in the southern part of North
America (Wilkins, 1989; Wilson and Ruff, 1999).
Caves are Mexican free-tailed bats’ natural roosts,
though use of buildings is common in cities (Davis

et al., 1962; Wilkins, 1989; Schmidly, 2004; Am -
mer man et al., 2012). Davis et al. (1962) conducted
an intensive survey of Mexican free-tailed bats in
Texas, USA. In 87 towns visited, they found a wide
variety of types of buildings used by Mexi can free-
tailed bats. Their study revealed that build ing age,
height, style, use by humans, relative location in 
a town, and compass orientation of the build ing had
no influence on roost preference. Rather, the only
critical feature of a roost was the presence of open-
ings leading into the interior. No other research has
specifically addressed Mexican free-tailed bat urban
roost selection, despite their prevalent use of build-
ings in cities.

Roosting in buildings can be beneficial to bats as
urban environments provide a warm and mild mi-
croclimate (Parris and Hazell, 2005; Lausen and
Barclay, 2006; Neubaum et al., 2007), accessible
food resources (Rydell, 2006; Williams et al., 2006),
and reduced predation pressures (Ditchkoff et al.,
2006; Lausen and Barclay, 2006). Few studies on
urban roost selection have been conducted on bat
species worldwide. In Poland, Mazurska and Ru -
czyński (2008) demonstrated that building type, 
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The Mexican free-tailed bat (Tadarida brasiliensis) is one of the most widely distributed bat species in the Western Hemisphere.
Despite their prevalence in urban environments, limited research has been conducted to determine the features of buildings or 
of the surroundings that might affect the likelihood of a building being selected by Mexican free-tailed bats as a roost. Our study
objectives were to improve the current understanding of Mexican free-tailed bat’s urban roosting preferences with regard to both
microhabitat and macrohabitat. Between August 2010 and August 2012, we conducted acoustic surveys and emergence observations
and examined 218 buildings in Waco, TX, USA. A total of 54 day-roosts for Mexican free-tailed bats was identified. At the
microhabitat scale, modeling of building characteristics and opening characteristics showed that bats preferred to roost in tall and
abandoned buildings. Roost exits were more likely the results of structural damage to buildings and less likely to have vegetation
blocking the adjacent air space. Roost accessibility seemed to be more important than thermal condition in roost selection. 
At the broader macrohabitat scale, bats were more likely to roost in areas with lower income and were near tall buildings and water
sources.
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INTRODUCTION

Bats are ecologically important as mediators of
seed dispersal in tropical forests (Heithaus et al.,
1975). This provision of ecosystem services is fun-
damental to forest dynamics and regeneration. Over
80% of plant species in the Neotropics rely on fru-
givorous vertebrates for the dispersal of their dias-
pores (the effective dispersal unit) (Howe and
Smallwood, 1982). Geiselman et al. (2002 onward)
reported a total of 549 species in 191 genera forming
62 plant families that are dispersed by bats. In many
cases, bats are the sole or primary dispersal agents
for numerous tropical plants (Fleming and Heit-
haus, 1981; Fleming, 1988; Galindo-González et al.,
2000). López and Vaughan (2007) found that five of
the six most commonly caught sympatric frugivo-
rous bats in Costa Rica had a diet that was composed
of predominately one or two species of plant, 
however, the frequency and extent to which bats
change among food items depends on food resource

abundance and competitors (Humphrey and Bona c -
corso, 1979).

Many neotropical phyllostomid bats rely on one
or more of the five plant genera Cecropia, Ficus,
Piper, Solanum, and Vismia (Fleming, 1986). These
bats are critical to the dispersal of these genera
(Bonaccorso and Gush, 1987); their fruits are nutri-
tionally poor, requiring the consumption of large
quantities to meet the bats dietary needs (Fleming,
1986). Between foraging bouts, bats carry fruit to
feeding roosts where they drop the indigestible ma-
terial (Nowak, 1994), and defecate seeds along the
way. This process results in a single bat dispersing
up to thousands of diaspores each night. 

In Guyana, the phyllostomid genera Artibeus and
Carollia are found in disproportionately high abun-
dances compared with other species (Lim and
Engstrom, 2001a, 2005), and are therefore likely
important seed dispersers that contribute dispro-
portinately to the local forest dynamics in these rel-
atively undisturbed forests. The objective of this
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Seed dispersal by frugivorous bats in Central Guyana and a description 

of previously unknown plant-animal interactions
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Species of bats in the subfamilies Stenodermatinae and Carolliinae are primarily frugivores, and through the ingestion of fruit and
defecation of seeds, they play a crucial role in their environment through the dispersal of early successional and pioneer plants
contributing to reforestation. These ecosystem services provided by frugivorous bats are becoming more critical with time, as
anthropogenic habitat destruction continues to rise. The objective of this study was to survey the plant species dispersed by
frugivorous bats in a tropical rainforest in Guyana. Fecal samples were taken from captured frugivorous bats and stomach contents
were taken from a representative collection. The four most common bats were Artibeus planirostris, A. obscurus, A. lituratus, and
Carollia perspicillata, which accounted for 67% of total captures in mist nets set in the forest understory. Twenty plant species were
identified in fecal and stomach content samples with the most abundant (Ficus nymphaeifolia, Piper bartlingianum, Cecropia
latiloba, and C. sciadophylla) accounting for 60% of the total. Cecropia latiloba, which is an early colonizer of floodplains
throughout the Guiana Shield and Amazon River Basin was previously unknown to be bat dispersed. Seven plant species were
documented as being dispersed by nine bat species for the first time. These results enhance our understanding of seed dispersal by
Neotropical bats, specifically by revealing previously unknown bat/plant relationships.

Key words: Cecropia latiloba, bat-plant interactions, recruitment, regeneration, tropical forest, Artibeus, Carollia, dispersal, 
Neotropics



INTRODUCTION

For a wide range of animal species, including
bats, habitat use studies are undertaken to obtain
valuable information on ecological requirements
and to inform conservation managers and policy
makers (e.g., Vaughan et al., 1997; Russ and Mont -
gomery, 2002; Kusch et al., 2004; Avila-Flores and
Fenton, 2005; Threlfall et al., 2012). Within the
Med iterranean region, these studies have received
increasing attention (e.g., Russo and Jones, 2003;
Davy et al., 2007; Rainho, 2007; Di Salvo et al.,
2009; Lisón and Calvo, 2011, 2013, 2014) and 
several habitat types and features have been found 
to promote bat diversity and abundance. Amongst
these, one finds riparian and aquatic habitats, 
broad leaved and oak woodlands and olive groves
(Russo and Jones, 2003; Davy et al., 2007; Rainho,

2007; Di Salvo et al., 2009; Lisón and Calvo, 
2011, 2014). In the Maltese Islands these habitats
are virtually absent. No permanent rivers or lakes
and only short-lived watercourses and few wood-
land patches reside (Haslam and Borg, 1998; Cassar
et al., 2008). Given these conditions, investigating
spatiotemporal patterns of pipistrelle bats that are
widely distributed and abundant in the Medi -
terranean region but forage in different habitats
would give important insights into how different bat
populations might respond to anthropogenic pres-
sures in comparable landscapes.

Bat species inventories and distribution research
report the presence of Pipistrellus pipistrellus
and Pipistrellus kuhlii on the Maltese Islands (Gulia,
1890, 1914; Lanza, 1959; Lanfranco, 1969; Storch,
1974; Borg et al., 1990, 1997; Jones, 1999). In sub-
sequent reports, P. pygmaeus replaced P. pipi strellus
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In the Mediterranean region, aquatic and riparian habitats are considered amongst the most important for bat survival. These habitats
are transient in the Maltese Islands and detailed research on how different bat species cope in these conditions has not been
conducted. This paper presents results on the activity of pipistrelle bats across different habitats and seasons using acoustic methods
to investigate their foraging habitats in the Maltese landscapes. Regression tree analysis was used to assess the effects of several
environmental variables — including climatic conditions, vegetation characteristics, and prey abundance — on foraging activity.
Echolocation recordings from pipistrelle bats were obtained during 220 hours of active monitoring between summer 2012 and spring
2013. During each sampling period, a maximum of 36 sites were visited (summer, n = 36; autumn: n = 33; spring: n = 35).
Agricultural landscapes, cliffs, shrublands, urban areas, woodland patches, and valleys were all represented by these study sites.
Detailed analyses of echolocation calls revealed the presence of two pipistrelle species, Pipistrellus pipistrellus and P. kuhlii. The
former was more frequently encountered, comprising 55% of the total echolocation recordings. Pipistrellus kuhlii showed significant
seasonality in foraging activity overall (Kruskal-Wallis H(2) = 13.83, P < 0.01) and within each habitat (all P-values < 0.01).
Pipistrellus pipistrellus showed seasonality over agricultural land (ANOVA F2, 14 = 4.13, P < 0.05). Differential habitat use by these
two species during summer was revealed where P. pipistrellus showed higher activity levels over agricultural sites, while P. kuhlii
showed higher activity over woodland patches. Regression tree analyses indicate insect abundance, maximum temperature, and
minimum distance to an urban area to affect foraging activity of P. kuhlii, while minimum wind speed, minimum distance to an urban
area, and average canopy height were found to affect the foraging activity of P. pipistrellus. Both species were found to cope with
conditions found in the Maltese Islands by using an optimal foraging scheme, wherein they seasonally alternate between selective
and opportunistic foraging strategies.

Key words: habitat use, Malta, foraging habitats, seasonality, environmental conditions, echolocation, insect abundance



INTRODUCTION

Anthropogenic noise has become a significant
problem in many ecological systems. This is partic-
ularly true in urban environments, where anthro-
pogenic noise can arise from a multitude of sources.
In urban landscapes, traffic noise often dominates
the soundscape (Botteldooren et al., 2006), and ex-
cessive traffic noise has been shown to cause physi-
ological stress and changes in behaviour in animals
(Halfwerk et al., 2011; Morgan et al., 2012). While
chronic noise exposure can directly impact on ani-
mal health, noise can also inhibit other vital func-
tions, such as the perception of informational sounds
— an effect called acoustic masking (Barber et al.,
2009). Taxa that rely on acoustics as part of their be-
havioural strategies are likely to be highly suscepti-
ble to anthropogenic noise masking. Acoustic mask-
ing can prevent prey from avoiding predators (Chan
et al., 2010), can impact on foraging efficiency
(Siemers and Schaub, 2011), and can impact on
courtship behaviour and the successful rearing of
offspring (Parris et al., 2009; Halfwerk et al., 2011).

While the focus of research has mostly been on birds
and amphibians to date, there is growing recognition
that the implications for bats may be considerable.

Two contrasting factors appear relevant to bats in
urban environments: high mobility appears to en-
able persistence by reducing fragmentation effects
(Threlfall et al., 2011); while urban areas in general
have been shown to reduce species richness and 
promote adaptable species (Duchamp et al., 2004;
Avila-Flores and Fenton, 2005; Hourigan et al.,
2006, 2010). The effect of human-modified land-
scapes on bats has received much attention (e.g.,
Law et al., 1999; Erickson and West, 2003; Du -
champ and Swihart, 2008; Law et al., 2011), leading
to growing concern for their persistence in urban
areas (Duchamp et al., 2004; Avila-Flores and
Fenton 2005; Hourigan et al., 2006; 2010; Basham
et al., 2011; Threlfall et al., 2011; 2012). Although
some species show the ability to adapt to the urban
environment, it seems that many more show at least
some level of sensitivity to urbanisation (Threlfall et
al., 2011). Dispersion of resources, lack of roosts,
and disturbance all contribute to this effect, but less
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Anthropogenic noise is a concern in many ecological systems. One important source of noise pollution is traffic noise as it can
dominate the soundscape in urban and peri-urban environments. Taxa that rely on acoustics for behavioural strategies are likely to
be especially susceptible to noise, as noise can inhibit the perception of informational sounds. Bats use echolocation to hunt prey
while foraging and are therefore prime candidates for adverse effects. Captive studies have shown that foraging efficiency can be
significantly reduced in noisy environments for some bat species, and that these species actively avoid noisy areas. However, it
remains unclear how this selective sensitivity manifests in urban environments. Given that mode of flying and use of echolocation
is entwined with foraging strategies, we hypothesised that different foraging guilds (i.e. fast flyers versus slow flyers) may show
different levels of sensitivity to noisy roads. We used transects running perpendicular to a major traffic route in Sydney, Australia,
to record bat activity and traffic noise levels. Noise amplitude levels across each frequency band dropped by over 50% in the first
50 m, with high frequency components ( > 10 kHz) being especially soft at this distance. Furthermore, all traffic noise above 5 kHz
was lost within the first 150 m from the road. Fast flying bats flew close to the road, despite the traffic noise. In contrast, slow flying
species appeared to fly more often away from the road. However, few calls of slow flyers were recorded, probably reflecting their
difficulty in detecting them using acoustic surveys as well as their earlier decline in these peri-urban environments.

Key words: bats, noise, peri-urban, roads, frequency, foraging, traffic



INTRODUCTION

Many bats are killed at wind turbines at present
and the number is increasing as more turbines are
built. This problem has become an issue of inter-
national concern, particularly at high latitudes in
Europe and North America, where it involves seden-
tary species as well as migratory ones that pass in-
ternational borders (Arnett et al., 2008; Voigt et al.,
2012; Lehnert et al., 2014). The problem applies 
to off-shore wind farms as well as those on land.
Bats routinely cross the Baltic Sea and the North Sea
on their migration (Ahlén et al., 2009; Rydell et al.,
2014). There are occasional reports of bats that visit
off-shore wind turbines in this region (Poerink et al.,
2013) and even forage on what seems to be migrat-
ing insects over the Baltic Sea (Ahlén et al., 2007),
but how frequently this happens is unknown. Cur -
rent plans for many large off-shore wind farms in the
Baltic Sea and the North Sea have generally not
been evaluated with respect to bats, although the tur-
bines will almost certainly interfere with them and
probably affect their populations in the long run
(Voigt et al., 2015). 

Understanding why bats visit wind turbines and
sometimes die there is urgently important, because

the development of efficient mitigation methods to
halt or minimize the fatalities will rely on such
knowledge (Arnett et al., 2011). However, we are
not aware of any investigation of this problem at off-
shore wind farms, and although there are many such
studies made on-shore, there is still no convincing
evidence of why bats turn up at wind turbines at sea
(Arnett et al., In press). 

Accidents of bats at wind turbines have been sug-
gested to be random events, as many individuals
move through a wind farm and are killed as they col-
lide with the moving rotors (Cryan and Barclay,
2009) or become badly affected by sudden air pres-
sure changes behind the blades (Baerwald et al.,
2008). However, bats may also be attracted to the
turbines. Such attraction could be either direct or in-
direct (Kunz et al., 2007; Cryan and Barclay, 2009).
For example, the bats may be attracted by the tur-
bines themselves, including their color (Long et al.,
2011) or the aviation warning lights (Horn et al.,
2008), or the heat, noise, electric fields or Doppler-
effects caused by the generator or by the movement
of the rotor (Long et al., 2010). Alternatively, attrac-
tion to the turbines is indirect, and relates to re-
sources provided at the turbine tower, including in-
sects on which the bats may feed (Kunz et al., 2007,
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Bat activity at a small wind turbine in the Baltic Sea
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Activity of bats at an old wind park four km off the island of Gotland in the Baltic Sea was monitored during 50 nights from August
to October 2013, using an automatic bat detector (Pettersson D500-X) mounted on one of the turbines. Single individuals or pairs
of common noctules Nyctalus noctula were recorded on five occasions only (26 and 27 August), all in calm weather and when little
or no rotor movement occurred. Since such conditions were unusual (five of 50 nights of observation) the visits by the bats were
unlikely to be chance events (migrating bats passing the turbine), but more likely involved bats attracted to the turbines. However,
no feeding buzzes were recorded and the bats never stayed near the turbine more than one minute. The turbines studied are lit by
250 W white lights and this could have been the reason why bats visited the turbines, because such lights potentially attract insects.
The bats could not have been attracted to the turbines by any factor related of the movement of the rotor or the generator, such as
Doppler-effects, noise, heat or electric fields.

Key words: bat migration, Gotland, off-shore, acoustic monitoring, noctules, Nyctalus noctula



INTRODUCTION

Bat fatalities at wind farms were first reported in
Australia over 40 years ago (Hall and Richards,
1972). Since then many studies have been carried
out, mostly in temperate zones of North America
and in Europe (reviewed in Arnett et al., 2007; 
Kunz et al., 2007; Rydell et al., 2010a). Based on
these studies it is clear that wind farms can pose 
serious threats to migrating bats, as well as to
species that forage in open spaces (e.g., Arnett and
Baerwald, 2013). How ever, the Neotropics show 
a notable lack of published information about the
impact of wind turbines on its native, and highly 
diverse, bat fauna (but see Barros et al., 2015). This
high diversity reveals itself not only in number of
species, but also in roosting and foraging behavi-
ors, making it even more difficult to extrapolate 
results obtained from the temperate zones. The 
abundance of phyllostomid bats in the Neo tropics
pose the added challenge of obtaining reliable 
results from pre-construction surveys. Predic tion 
of risk based on pre-construction surveys, typi cal-
ly performed through acoustic monitoring, is im-
precise (Hein et al., 2013). By and large, phyllo-
stomid bats are whispering bats, difficult to detect
through their echolocation calls, making precon-
struction surveys based on acoustic monitoring even
less accurate. 

The deployment of wind turbines in the Neo -
tropics is growing fast (Kozulj, 2010; Ledec et al.,
2011). Therefore, it is important to understand how
the local bat faunas interact with this relatively re-
cent technology. The island of Puerto Rico, in the
Greater Antilles, sustain 13 species of bats in five
families: five species in the family Phyllostomidae,
three Mormoopidae, two Molossidae, two Vesper -
tilio nidae and one Noctilionidae. This bat fauna in-
cludes species that form large aggregations in caves,
but also solitary tree-dwelling species, and spe-
cies using anthropogenic structures (Gannon et al.,
2005). The foraging behavior of these species in-
clude open-space, swift-flying foragers, as well as
maneuverable, canopy and understory foragers that
feed on insects, fruits or nectar. This study repre-
sents one the few published results of the impact of
wind farms on bats from the Neotropics.

MATERIALS AND METHODS

We monitored the bat fatalities caused by a 13 turbines 
wind facility installed in eastern Puerto Rico (18°11’04”N;
65°41’41”W) over a period of 23 months, from February 2013
through December 2014 (an image of the facility can be
searched through Google Earth). Each turbine has a 1.8 MW 
capacity, for a combined potential of 23.4 MW, and are located
along a small altitudinal gradient from about 7 to 70 m above
sea level. Turbines 1 and 2 are located on top of the hills, with
the rest of the turbines at decreasing elevations, between the
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Impact of wind facilities on bats in the Neotropics
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We monitored the bat fatalities caused by a 13 turbines wind facility installed in western Puerto Rico (West Indies) over a period of
23 months. The post-construction monitoring includes observed fatalities and a corrected fatality estimate expressed as bats/
turbine/year adjusted for bat carcass removal rates, searcher efficiency, and percent area searched. Data on seasonality of fatalities
and distance of carcasses from turbines is also provided. Eleven out of the 13 species of bats in Puerto Rico suffered fatalities,
including all five species of phyllostomids. These were: Molossus molossus and Tadarida brasiliensis (Molossidae); Artibeus
jamaicensis, Monophyllus redmani, Stenoderma rufum, Brachyphylla cavernarum and Erophylla bombifrons (Phyllostomidae);
Noctilio leporinus (Noctilionidae); Eptesicus fuscus and Lasiurus minor (Vespertilionidae); and Mormoops blainvillei 
(Mormoopidae). This is one of the first published reports of the impact of wind turbines on bats in the Neotropics.

Key words: bats, Neotropics, Vespertilionidae, wind installation, Phyllostomidae, Mormoopidae, Molossidae, eolic energy



INTRODUCTION

Bats in the genus Eptesicus Rafinesque, 1820
(Chiroptera: Vespertilionidae) are distributed in
tropical and temperate areas of the world (Juste et
al., 2013). In the Iberian Peninsula, genetic analyses
confirmed the presence of two distinct species of
Eptesicus (Ibáñez et al., 2006; Juste et al., 2009,
2013) that appear to be largely allopatric in distribu-
tion. The serotine E. serotinus (Schreber, 1774) is
mainly distributed in the north of Iberia and over
much of Europe, while the recently described merid-
ional serotine E. isabellinus (Temminck, 1840) oc-
curs in the south of Iberia and in north Africa (Juste
et al., 2013). How ever, in the north of Portugal the
species are sympatric (Barros, 2011; Rebelo, 2013)
and the distributions of both species may also over-
lap in Sierra Morena (Santos et al., 2014). Both
species are abundant and they are often associated
with human constructions (Cabrera, 1914; Balcells,
1963; Ibáñez, 2007; Flaquer et al., 2010). Eptesicus

isabellinus occurs in Mediterranean areas that con-
sist of forests and scrubland close to watercourses
and ponds (Lisón and Calvo, 2011, 2014; Dalhoumi
et al., 2014, 2015; Lisón et al., 2014; Santos et al.,
2014; Lisón, 2015). Although Eptesicus bats are
often abundant in Mediterranean countries, only 
a few studies have investigated their diet (Robinson
and Stebbings, 1993; Catto et al., 1994; Benda et al.,
2006, 2010, 2012, 2014; Kervyn and Libois, 2008;
Mikula and Čmoková, 2012; Zukal and Gajdošik,
2012) and there are no data published from Spain
(Ibáñez, 2007).

Dietary studies are important for understanding
seasonal and inter-annual changes in foraging be-
haviour, including insect-prey preferences, priority
hunting areas, behavioural changes and the ecosys-
tem services that bats may provide (Whitaker et al.,
2009). Dietary studies have advanced greatly during
the last decade thanks to genetic methods, which
offer great accuracy in prey identification (Clare et
al., 2011, 2013; Razgour et al., 2011; Zeale et al.,
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The meridional serotine Eptesicus isabellinus (Temminck, 1840) has recently been identified as a cryptic species that occurs in the
south of the Iberian Peninsula. Little is known about its ecology. We used morphological analysis of droppings from an urban
semiarid Mediterranean landscape to determine seasonal differences in diet. We identified 15 insect prey types and found significant
seasonal differences in the consumption of seven prey types. The diet of E. isabellinus was dominated by Scarabaeidae (Coleoptera)
and Diptera, and there were seasonal changes in the consumption of Carabidae (Coleoptera), Lepidoptera and Cercopidae
(Hemiptera). Shannon-Wiener and Levins’ indices showed that the diet was more diverse during the post-hibernation and pregnancy
periods. Pianka’s index showed that there was relatively low dietary overlap between periods. The seasonal changes recorded
between different physiological periods could be related to changes in the energetic needs of the individual or to variation in prey-
availability. Although E. isabellinus mainly eats Scarabaeidae and Diptera, it can show flexibility for example by hunting insects
that fly around blossoms such as chafers Melolontha spp.

Key words: feeding ecology, hunting behaviour, morphological analysis, seasonal variation, Shannon-Wiener index, Pianka’s index, 
Levins’ index



INTRODUCTION

The lesser horseshoe bat, Rhinolophus hippo -
sideros (Borkhausen, 1797) has a wide distribution
range, covering large parts of the western and cen-
tral Palaearctic (Dietz et al., 2009). At global and
European scales, its level of threat is perceived low
(Temple and Terry, 2007; Jacobs et al., 2008), but in
the Central and NW European parts of its range,
populations collapsed from the 1940s onwards (Be -
zem et al., 1960; Roer, 1972, 1984; Schober and
Wil helm, 1984; Kokurewicz, 1990; McAney, 1994;
Mitchell-Jones, 1995; Fairon, 1997). In re cent dec -
ades, this trend was stopped and partly reversed
(Hay som et al., 2013), but R. hipposideros re-
mains extinct in the Netherlands and in Luxem-
bourg (Dietz et al., 2009), and is still classified as

‘Critically Endangered’ in Germany (Haupt et al.,
2009), where large nursery colonies are found only
in the Central German states of Thuringia (Bieder -
mann et al., 2009) and Saxony (Würflein, 2008).

The historic decline of R. hipposideros in Central
Europe was likely the result of several factors (Kul -
zer, 1995; Bontadina et al., 2001). These included
loss of roosts, fragmentation and deterioration of
foraging habitats, e.g. via transformation of small-
scaled traditional landscapes into structurally im-
poverished landscapes, and a pronounced increase
in the use of pesticides from the 1950s onwards,
both in agriculture and silviculture, as well as within
buildings as wood preservatives. Use of the insecti-
cide DDT may have played a particular role in the
decline of Central German populations (Zöphel et
al., 2005).
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As a K-strategist and comparatively sedentary species, the lesser horseshoe bat Rhinolophus hipposideros is considered sensitive to
changes in habitat quality. Knowledge of the species’ dietary requirements and use of foraging habitats is thus considered an essential
prerequisite to manage its habitats adequately. Based on four large annual samples of faecal pellets from three different nursery
colonies, including two consecutive years of sampling from one colony, we studied the diet of Central German populations of 
R. hipposideros. Consistent with findings of similar studies carried out in other parts of the distribution range of R. hipposideros, in
our study, Diptera, Lepidoptera, and Neuroptera represented the most important groups of prey for the studied colonies. However,
Hemiptera made a comparatively larger contribution in our study than in others, and so did Hymenoptera in one of the colonies. We
found seasonal compositional variation in all four annual samples, as well as compositional variation between samples from different
colonies, but not between the two annual samples obtained in consecutive years from the same colony. Differences between colonies
appeared at least to some extent to reflect differences in availability of foraging habitats. Our results are thus in agreement with the
assumption of R. hipposideros being a largely opportunistic, generalist forager. Our findings are also consistent with a known
preference by R. hipposideros of woodland as main foraging habitat, as previously established by other studies carried out in the
northern part of the distribution range. However, the relative importance of Hemiptera, and in particular of Psyllidae, at certain 
times during the foraging season, suggests that the Central German colonies of R. hipposideros might have utilized commercial
orchards and private fruit gardens for foraging during seasonal peaks in abundance of pest species of fruit trees. The implied ability
of R. hipposideros to respond to seasonal abundance peaks of particular groups of prey in a range of habitats suggests that structural
diversity might be key in maintaining viable populations of this species. The potential importance of orchards and fruit gardens in
regions where such habitats are prevalent is likely to have relevant management implications.

Key words: Central Germany, diet, Rhinolophus hipposideros, seasonal variation



INTRODUCTION

Given its roles in the transmission of rabies to
both cattle and humans in the Neotropical region,
the common vampire bat, Desmodus rotundus
(E. Geoffroy, 1810), has received special attention
from public health authorities throughout Latin
America (Belotto et al., 2005; Schneider et al.,
2009; Lee et al., 2012; Vigilato et al., 2013). Rabies
is a lethal viral infection caused by a number of dif-
ferent variants of the genus Lyssavirus (Rhabdovi -
ridae), which are characterized by distinct outbreak
patterns and a range of domestic and wild reservoirs
(Barbosa et al., 2008). Of the wild vectors, D. rotun-
dus is most often reported as the vector of variant 3
(VAg3), even though this variant has also been iden-
tified in other bat species (Sodré et al., 2010).

Over the past few decades, this bat species ap-
pears to have played a prominent role in the spread
of the virus into rural areas, related primarily to the
expansion of cattle ranching operations (Holmes 
et al., 2002). The expansion of cattle ranching has

also led to an increase of this zoonosis in the human
populations of rural areas (Fernandes et al., 2013).
This appears to be the result of the adaptation of 
D. rotundus populations to the novel conditions 
produced by the deforestation process and estab-
lishment of agricultural landscapes (Holmes et al.,
2002).

Faced with a loss of their primary feeding re-
sources, that is, wild animals, the bats increasingly
target secondary sources, including humans (Voight
et al., 2012). Desmodus rotundus feeds preferen-
tially on the blood of mammals, and while groups
such as humans and cattle are not natural source of
food for this species (Taddei et al., 1991).

The Brazilian Health Ministry has produced
guidelines (Ministério da Saúde, 2009) for the noti-
fication of cases based on a standard epidemiologi-
cal report form provided by the National Grievance
Notification Information System (SINAN). This
system provides a fundamental tool for the investi-
gation of the routines and decisions taken by health-
care professionals for the prevention of epidemics.
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Spatial and temporal analysis of attacks by common vampire bats 

(Desmodus rotundus) on humans in the rural Brazilian Amazon basin

FERNANDA A. G. ANDRADE1, 3, ÉRIKA S. FRANÇA1, VILMA P. SOUZA1, MONIQUE S. O. D. BARRETO1, 
and MARCUS E. B. FERNANDES2
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2Laboratório de Ecologia de Manguezal, Instituto de Estudos Costeiros, Universidade Federal do Pará, 

Bragança 68600-000, Pará, Brazil
3Corresponding author: E-mail: atanaena@yahoo.com.br

This article attempts to investigate the effects of the notification of wounds caused by Desmodus rotundus in humans in the rural
zone of the eastern Brazilian Amazon basin. We analyzed data on bat attacks for the period between 2007 and 2012, provided by the
Pará State Secretariat for Municipal Public Health (SMS) and the Pará State Agricultural Defense Agency (ADEPARA). We
recorded 121 attacks in humans in the municipality of Pacajá, in 28 localities, including both rural and urban areas. Urban cases
accounted for almost a fifth (19.8%) of all records. No significant variation was found in the number of cases recorded each year 
(H = 7.28, d.f. = 5, P = 0.20), although significant variation was found in the spatial distribution of the reports (Q = 17.08, d.f. = 5,
P < 0.01), reflecting the heterogeneity of the occurrence of attacks. Our conclusion is that the major reduction in the number of
reported attacks on humans by hematophagous bats in the municipality of Pacajá is a positive result of the notification by the local
people to the public health authorities, which appears to be an effective tool of the prophylactic scheme to control this epizootic in
the rural zone of the Brazilian Amazon basin.

Key words: Brazilian Amazon, Desmodus rotundus, human rabies, bites



INTRODUCTION

The spatial distribution of organisms is the result
of the interaction between geological, ecological,
and evolutionary processes that determine the struc-
ture of a community (Rahbek, 1997; Brown, 2001;
Lomolino, 2001). The regional variation in species
richness has been discussed for many years by ecol-
ogists and biogeographers (Pianka, 1966; Lomolino,
2001; Guo et al., 2013). The effect of altitudinal gra-
dients on the composition of communities is re-
flected in a general trend observed in several groups:
species richness decreases with altitude. This pat-
tern, observed in a variety of taxa and geographic
areas, is known as Stevens’ Rule (e.g., Terborgh,
1977; Stevens, 1992; Rahbek, 1995). Those changes
in species richness and abundance related to altitude
are influenced by ecological factors as climate, pro-
ductivity and habitat heterogeneity (Brown, 2001;
McCain and Grytnes, 2010).

A remarkable characteristic of elevational gradi-
ents is a succession of habitats, which is directly re-
lated to climate. Studies have pointed out on com-
plex climate changes happen along an elevational
gradient, which can affect the diversity and func-
tional composition of the mammals fauna (Soriano
2000; Brown, 2001; Tews et al., 2004; McCain and
Grytnes, 2010).

Elevational variations influence the abundance,
richness, and distribution of mammal species and
each species responds differently to altitude. Two
patterns are acknowledged for mammals: (i) the cli-
nal pattern, in which richness is higher in lower
areas and decreases with altitude (e.g., Stevens,
1992; Patterson et al., 1998; Contreras and Huerta,
2001; Pinares, 2006); and (ii) the modal pattern,
with a peak in richness at medium altitudes (e.g.,
Heaney, 2001; Nor, 2001; Rickart, 2001; Sánchez-
Cordero, 2001; McCain, 2007; Rowe and Lidgard,
2009). Rahbek (1995) concluded that the modal 
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Bat species richness (Mammalia, Chiroptera) along an elevational gradient 

in the Atlantic Forest of Southeastern Brazil

MAYARA A. MARTINS1, 5, 6, WILLIAM DOUGLAS DE CARVALHO1, 2, 3, DANIELA DIAS4, DÉBORA DE S. FRANÇA5,
MARCIONE B. DE OLIVEIRA1, 5, and ADRIANO LÚCIO PERACCHI5

1Programa de Pós-graduação em Biologia Animal, Instituto de Biologia, Universidade Federal Rural do Rio de Janeiro
(UFRRJ), BR 465, km 7, CP 74507, CEP 23890-000, Seropédica, RJ, Brazil

2Laboratório de Diversidade de Morcegos, Instituto de Biologia, Universidade Federal Rural do Rio de Janeiro, UFRRJ, BR 465,
Km 7, CP 74507, CEP 23890-000, Seropédica, RJ, Brazil

3Centro de Biologia Ambiental, Faculdade de Ciências, Universidade de Lisboa, 1749-016 Lisboa, Portugal
4Laboratório de Biologia e Parasitologia de Mamíferos Silvestres Reservatórios, IOC, Fundação Oswaldo Cruz, Avenida Brasil,

4365, Manguinhos, CEP 21040-360, Rio de Janeiro, RJ, Brazil
5Laboratório de Mastozoologia, Instituto de Biologia, Universidade Federal Rural do Rio de Janeiro, UFRRJ, BR 465, Km 7,

CEP 23890-000, Seropédica, RJ, Brazil
6Corresponding author: E-mail: mamartinsbio@gmail.com

The effect of elevational gradients on the richness and composition of communities are reflected by different biotas. The objective
of this study was to document changes in the species richness and composition of bats along a tropical elevational gradient between
500 and 2,500 m of elevation in southeastern Brazil. We carried out fieldwork from June 2009 to December 2012 with the use of
mist nets. During 32 sampling nights we recorded 270 bats from 22 species. Species richness peaked around low-elevation 
(500–1,000 m a.s.l.) and there was richness decrease at higher elevations. The analysis of bat assemblage between the elevational
range showed a significant difference in species composition along an elevational gradient. Bat richness and abundance were
negatively related to altitude.

Key words: high altitude, species composition, trophic guilds, vegetation types



INTRODUCTION

Most species of temperate bats may best be de-
scribed as exhibiting a promiscuous mating system,
in which males and females have multiple mating
partners. Studies from the lab and field have re-
vealed that females of many species, especially
those that can store sperm, copulate with multiple
males (Mendonça et al., 1996; Racey and Entwistle
2000; Rossiter et al., 2000; Vonhof et al., 2006).
However, adding to the challenge of studying mat-
ing systems of bats, in particular for temperate spe -
cies, is that males and females exhibit some form of
delayed reproduction (Oxberry, 1979; Racey, 1982;
McCracken and Wilkinson, 2000) in which storage
of sperm by males and females can occur for periods
≤6 months (Racey, 1973; Uchida and Mori, 1987).
These factors make it difficult to determine repro-
ductive success of individual bats and, thus, tease
apart the behaviors and mechanisms that are likely
to influence the mating strategies of bats.

In addition to mechanisms that may con-
trol postcopulatory selection of a mate, there are 

mechanisms that are likely to influence precopula-
tory selection of a mate. For instance, various com-
munication signals (i.e., acoustic, olfactory, and 
tactile) have been cited as important in social inter-
actions of bats (Fenton, 1985), and are likely to have
potent effects on reproductive success (Bron son,
1989). Acoustic vocalizations play an important role
in choice of mates within many taxa, including in-
sects, amphibians, birds, and mammals (Bradbury
and Vehrencamp, 1998; Bosch et al., 2002). Nu -
merous studies have shown that echolocation calls
of bats can function for social purposes in addition
to being used for navigation and foraging (Barclay,
1982; Fenton, 1985, 2003; Boughman and Wilkin -
son, 1998; Kazial et al., 2004, 2008; Siemers et al.,
2005; Schuchmann and Siemers, 2010; Jones and
Siemers, 2011; Knörnschild et al., 2012). These
stud ies imply that some bats have the potential to
recognize and respond to vocalizations of other bats
in a manner that would indicate the signals are use-
ful for communication.

Like other temperate species of bats, big brown
bats exhibit a dissociated pattern of reproduction,
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Choice experiments demonstrate that male big brown bats (Eptesicus fuscus) 

prefer echolocation calls of high copulatory females
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It generally is accepted that bats emit ultrasonic vocalizations that function for echolocation purposes as well as for communication.
We tested whether male or female big brown bats (Eptesicus fuscus) responded to variation in echolocation calls of the opposite sex
in a manner that would suggest calls are used in a mating context. We presented 31 female and 10 male big brown bats with
ultrasonic playbacks of differentially mating (i.e., high frequency copulators = HM versus low-frequency copulators = LM)
individuals of the opposite sex. We measured 1) which side of the arena each subject selected first (HM versus LM), and 2) duration
spent (seconds) on each side of the arena (HM versus LM). For both of these measures (i.e., first choice and duration) male subjects
were more likely to select the echolocation calls of HM females, but the same respective tests determined that female subjects did
not select echolocation calls of frequently copulating males over calls of infrequently copulating males. These results support 
the possibility that the echolocation calls of big brown bats provides information about the sender that may be important in a mating
context.

Key words: bats, choice trials, echolocation calls, mating, sexual dimorphism



INTRODUCTION

The Wroughton’s free-tailed bat Otomops
wrought oni (Thomas, 1913) (Chiroptera: Molossi -
dae) is a globally rare and data-deficient species,
known only from four locations in the world
(Francis et al., 2008; Ruedi et al., 2014). Until 2001,
this species was thought to be restricted to the
Barapede caves in Karnataka, India (Brosset, 1962;
Daniel et al., 1992; Bates et al., 1994; Bates and
Harrison, 1997). Earlier surveys of these caves
(Brosset, 1962; Bates et al., 1994; Ramakrishna et
al., 2003; Alfred et al., 2006) indicated a population
of 40 to 70 individuals. At present, a resident roost-
ing and breeding population of about 100–150 indi-
viduals is known (Karnataka Forest Department,
personal communication). Otomops wrought oni was
later discovered at two more locations: an adult male
was found in Chhep district, Preah Vihear province,
Cambodia (Walston and Bates, 2001) and an adult
male was captured in Shella Confederacy, Me gha -
la ya, India (Thabah and Bates, 2002). Also, re-
cent sur veys have identified a colony of about 90 

individuals of O. wroughtoni by visual counts in 
the Jaintia Hills district, Meghalaya (Ruedi et al.,
2014). Otomops wroughtoni, initially declared Criti -
cally Endangered (CR), is now placed in the Data-
Deficient (DD) category in the IUCN Red List
(Fran cis et al., 2008). This species is under Sched ule
I of India’s Wildlife (Protection) Act (MoEF, 1972),
which provides the highest degree of legal protec-
tion to the species.

Owing to its rarity, little is known about the over-
all distribution and ecology of this species. Acoustic
methods involving echolocation call recordings of
insectivorous bats offer an excellent non-invasive
method for species identification (Fenton and 
Bell, 1981; Balcombe and Fenton, 1988; Russo 
and Jones, 2002; Marques et al., 2004; Davy et al.,
2007; Georgiakakis and Russo, 2012; Papadatou
and Russo, 2014). These methods have been used to
a limited extent in India (but see Neuweiler et al.,
1984; Raghuram et al., 2014; Wordley et al., 2014).
Acoustics surveys can also be very useful to survey
free-tailed bats (Molossidae) that include the rare 
O. wroughtoni. These bats are often difficult to 
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Acoustic identification of Otomops wroughtoni and other free-tailed bat species

(Chiroptera: Molossidae) from India
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The Wroughton’s free-tailed bat Otomops wroughtoni (Chiroptera: Molossidae) is a globally rare and data-deficient species. This
species has been recorded only from four locations, in India and Cambodia, with the type locality in the Barapede caves, India. 
In this paper, we present an analysis of echolocation and social calls of O. wroughtoni from the Barapede caves. Echolocation calls
of free-flying O. wroughtoni were narrowband and shallow frequency-modulated (shallow-FM), with peak frequency ranging
between 14–17 kHz. Social call sequences of roosting O. wroughtoni showed five distinct signatures. Multivariate analyses of
echolocation calls of O. wroughtoni and the other three molossid species found in India (Tadarida teniotis, T. aegyptiaca,
Chaerephon plicatus), showed strong support for acoustic differentiation of these species. Our study will help identify probable
occurrence of O. wroughtoni and the other species in unsurveyed areas through field acoustic surveys. It also proposes hypotheses
about the ecology and foraging behaviour of O. wroughtoni that could be tested through further studies.

Key words: acoustic identification, Barapede caves, Chaerephon plicatus, India, Molossidae, Otomops wroughtoni, Tadarida
aegyptiaca, Tadarida teniotis



INTRODUCTION

Echolocation acoustics and emission patterns are
similar for species of bats that belong in the same
guild, or group of species that use resources in sim-
ilar ways (Root, 1967; Neuweiler, 1984; Schnitzler
and Kalko, 2001). The level of habitat clutter (un-
cluttered, background-cluttered, and highly-clut-
tered) and foraging mode, (aerial, trawling, surface
gleaning) and more recently, even the level of usage
of echolocation (active, passive) have been used to
define bat guilds (Schnitzler and Kalko, 2001; Den -
zinger and Schnitzler, 2013). Cardioderma cor, the
heart-nosed bat, and Lavia frons, the yellow-winged
bat, are the African members of the small family 
of false vampire bats, Megadermatidae, known for
its interesting foraging and social behaviors, as well
as its conspicuous communication re pertoires
(Wickler and Uhrig, 1969; Vaughan, 1976; Guppy et

al., 1985; Tidemann et al., 1985; Vaughan and
Vaughan, 1986; Tyrell, 1990; Leippert, 1994; Ka -
stein et al., 2013). Cardioderma cor roosts in mixed-
sex and age groups in the cavities of baobab trees
and huts in the savannah ecosystem in East Africa.
In the evening, individuals disperse to their exclu-
sive foraging areas where they move about singing
and foraging (Vaughan, 1976; Mc William, 1987).
Cardioderma cor has been observed to sit in perches
and scan the environment, rotating their body and
pinnae until they detect a prey item to pick off the
surface in the dense scrub habitat (Vau ghan, 1976).
This gleaning foraging style is similar to the three
other carnivorous megadermatid bats: Megader-
ma lyra and Megaderma spasma of the tropical
forests in Southeast Asia, and Macro derma gi gas 
of Australia (Hudson and Wilson, 1986; Nelson,
1989; Csada, 1996; Vonhof and Kal counis, 1999).
The foraging style of the recently described species
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Intra- and interspecific variability of echolocation pulse acoustics in 

the African megadermatid bats
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The yellow-winged bat, Lavia frons, and the heart-nosed bat, Cardioderma cor, are sympatric species of the family Megadermatidae
resident to East Africa. Cardioderma cor roost in groups and disperse to individual foraging areas at night, whereas L. frons roost
in male-female pairs in Acacia trees within a foraging territory. Nightly foraging areas overlap across species, and thus interspecific
differences in echolocation may reflect niche differences crucial for coexistence. Here we compare differences in echolocation from
hand-released C. cor and L. frons, and L. frons individuals recorded during fly-bys. Furthermore, megadermatids display a host of
social behaviors, including territoriality and singing, and thus intraspecific differences in echolocation may be important for
facilitating behavior in this family but has not yet been assessed. We report the patterns of variability of echolocation by sex, body
size, and individual of C. cor. We measured 354 pulses from 17 C. cor individuals and 35 pulses from four L. frons individuals in
Tanzania. Up to four harmonics were observed in both C. cor and L. frons, with the second and third harmonics emphasized and the
first suppressed. Cardioderma cor is a surface gleaner while L. frons is an aerial-hawker, and clear differences in frequency metrics
(Fmin, Fmax, Fpeak) and duration reflect this. We measured 17 variables including temporal, frequency, and shape metrics for
intraspecific C. cor pulse analyses. A MANOVA testing individuality on five principle components was significant, but performed
poorly in a discriminant analysis. Body mass and forearm length did not correlate with any pulse metrics. Males had significantly
lower Fmin and frequency contour parameters than females, although males were slightly smaller than females. These results suggest
that L. frons and C. cor have clear interspecific differences in pulse acoustics that align with guild differences, and may serve
heterospecific discrimination, while some intraspecific difference in C. cor, particularly by sex, are suggestive of other factors
beyond navigation that influence pulse variability.

Key words: bats, animal communication, Cardioderma cor, echolocation, foraging guild, Lavia frons
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