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Cryptic diversity in Mongolian vespertilionid bats (Vespertilionidae, Chiroptera,
Mammalia). Results of the Mongolian-German biological expeditions since 1962,
No. 299
THOMAS DATZMANN1, 8, DIETRICH DOLCH2, NYAMSUREN BATSAIKHAN3, ANDREAS KIEFER4,
MARIA HELBIG-BONITZ1, 5, ULRICH ZÖPHEL6, MICHAEL STUBBE7, and FRIEDER MAYER1
1Museum

für Naturkunde — Leibniz Institute for Research on Evolution and Biodiversity, Invalidenstrasse 43,
D-10115 Berlin, Germany
2
Landesfachausschuss (LFA) Säugetierkunde im Naturschutzbund (NABU) der Länder Brandenburg und Berlin, Dorfstraße 2d,
D-16818 Radensleben, Germany
3
Mongolian National University, Faculty of Biology, Department of Zoology, Ulaanbaatar 210646, Mongolia
4
Johannes Gutenberg-Universität Mainz, Department of Ecology — Population Biology, Johann-Joachim Becherweg 13,
55099 Mainz, Germany
5Ulm University, Institute of Experimental Ecology, Albert Einstein Allee 11, D-89069 Ulm, Germany
6Sächsisches Landesamt für Umwelt und Geologie, Pillnitzer Platz 3, 01326 Dresden Pillnitz, Germany
7Martin-Luther-Universität Halle-Wittenberg, Department of Zoology, Domplatz 4, D-06099 Halle/Saale, Germany
8Corresponding author: E-mail: thomas.datzmann@web.de
In contrast to the Eastern Palaearctic region a high degree of cryptic diversity was discovered among temperate bats of the Western
Palaearctic region in the last ten years. Climatic oscillations caused severe changes in the distribution of species throughout the
Palaearctic region during the Pleistocene. Exploring multiple taxa can help to understand general evolutionary differentiation
processes. In the present study genetic variation within and among 94 Mongolian vespertilionid bats of six genera (Hypsugo,
Eptesicus, Vespertilio, Myotis, Plecotus, and Nyctalus) was screened by sequencing a 798 bp fragment of the mitochondrial ND1
gene and then subsequently compared with those of Western Palaearctic taxa. This allowed first insights in the differentiation among
a wide range of bats across the Palaearctic region. A total of 16 distinct mitochondrial lineages were found in Mongolia. Thirteen
lineages differed by at least five percent sequence divergence from Western Palaearctic species. Only three lineages (Eptesicus
nilssonii, Vespertilio murinus, and Nyctalus noctula) showed lower divergence values. Our data demonstrate a substantial
differentiation between most Western and Eastern Palaearctic vespertilionid bats. Estimations of divergence times showed that most
divergence appeared prior to the Pleistocene, but current distributions of bats were most likely shaped by the usage of multiple
refugia during glaciations.
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INTRODUCTION
Since the Middle Miocene strong climatic oscillations have led to warm and ice ages. They have
strongly affected and changed the floral and faunal
distribution patterns and have led to many geographic separations and speciation events. Especially in
the Western Palaearctic region, glacial refugia of
many taxa are well known, including those of
vespertilionid bats (Ibáñez et al., 2006). The fossil
record and particularly the genetic investigations revealed the Iberian, Italian and Balkan Peninsulas in
the Mediterranean as the major glacial refugia in
Europe. Colonization from more northern or from

more eastern refugia could not be excluded in many
taxa. The main reason for this is a lack of comprehensive biogeographic investigations about most
taxa from Eastern Europe and the Eastern Palaearctic region (Taberlet et al., 1998; Hewitt, 2000,
2004a, 2004b; Schmitt, 2007).
This also applies to the well-studied group of
bats, which represents the second largest mammalian order. Most bat species in the Palaearctic region belong to the family Vespertilionidae and the
distribution ranges of some species extend far towards the north. Simmons (2005) listed a total of
44 vespertilionid bats for the Western Palaearctic
region that were mainly discovered while studying
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Nyctalus plancyi and Falsistrellus petersi (Chiroptera: Vespertilionidae) from
northern Luzon, Philippines: ecology, phylogeny, and biogeographic implications
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We report the first records of Nyctalus plancyi from the Philippines, on the basis of three specimens taken in high-elevation mossy
forest in the Central Cordillera of northern Luzon. We also report three new specimens of Falsistrellus petersi in the same areas,
previously a poorly known species within the Philippines, and provide the first genetic data on the phylogenetic position of the
genus. Analysis of sequence data from the mitochondrial gene cytochrome b shows ca. 4% divergence of the Philippine N. plancyi
from a sample from China. Combined sequence data from cytochrome b and the nuclear gene RAG2 confirm that N. plancyi is
related to Pipistrellus. They further show that F. petersi is related to Hypsugo and Vespertilio, and Philetor brachypterus is related
to Tylonycteris, with all of these taxa being members of the Vespertilionini, not the Pipistrellini. Nyctalus plancyi is the first mammal
species documented to have colonized the main, oceanic body of the Philippines from the north (i.e., Taiwan or mainland China),
rather than from the south (Borneo, Sulawesi, or New Guinea).
Key words: colonization, cytochrome b, RAG2, mossy forest, oceanic islands, Southeast Asia

INTRODUCTION
The Philippine bat fauna is one of the most
diverse in Asia, with 78 species currently formally
recognized (Heaney et al., 2010). However, much
uncertainty exists about the number of species actually present, due to evidence that some currently
recognized species represent species complexes
(e.g., Ingle and Heaney, 1992; Rickart et al., 1999;
Helgen et al., 2007; Sedlock et al., 2008, 2011;
Sedlock and Weyandt, 2009; Esselstyn et al., 2012),
documentation of species not previously known
from the Philippines (e.g., Balete et al., 1995; Esselstyn et al., 2004; Heaney et al., 2005; Duya et al.,
2007), and the continuing discovery of previously
unknown endemic species (Esselstyn, 2007; Esselstyn et al., 2008). Further, many of the recorded
species are poorly known, with few specimens and
little information on ecology and distribution within
the archipelago, and much uncertainty about phylogenetic relationships (Heaney et al., 2010). During
the course of recent intensive efforts to document
the mammal fauna of Luzon Island, the largest

island in the Philippines at ca. 103,000 km2 (e.g.,
Duya et al., 2007, 2011; Balete et al., 2009, 2011;
Alviola et al., 2011; Heaney et al., 2011; Rickart et
al., 2011a, 2011b; Sedlock et al., 2011), we obtained
specimens and data on two species of vespertilionids that allow us to add a new and surprising species
record to the island’s bat fauna, and to clarify the
ecology and phylogenetic position of a poorly
known species, as documented below.
MATERIALS AND METHODS
Field and Museum Methods
Field studies were conducted under permits from the
Philippine Department of Environment and Natural Resources;
all relevant Philippine rules and regulations regarding the capture, handling, and exportation of specimens were followed.
Specimens were measured in the field with a ruler graduated in
millimeters and with Pesola scales graduated to either 1 g (used
for Nyctalus) or 0.1 g (used for Falsistrellus). The following
measurements were taken: total length, from the tip of the rostrum to the tip of the tail vertebrae; tail length, from the base of
the tail at the pelvis to the tip of the tail vertebrae; hind foot
length, from the ankle to the tip of the longest claw; ear length,
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Miniopterus schreibersii is a complex, polytypic species group with a wide distribution ranging from Northern Africa, Southern
Europe to Asia, the Solomon Islands and Northern Australia. Two subspecies previously recognized in Turkey, M. s. schreibersii and
M. s. pallidus, differ significantly in nuclear and mitochondrial DNA, and in morphology. Until now, the distribution records of
M. s. schreibersii and M. s. pallidus showed that they were allopatric and hence even though there was clear morphological and
genetic differentiation between the two taxa, whether they represented separate species or subspecies was still not determined with
certainty. Here we present the first data on syntopic occurrence of both forms in three caves in south-eastern Turkey. We show
that the three caves host individuals of both taxa by using mitochondrial DNA, nuclear DNA and morphometric analyses. These
findings provide the final line of evidence to date, for designation of M. s. schreibersii and M. s. pallidus as two separate species,
M. schreibersii and M. pallidus. This will raise the number of species in the Eurobats agreement area from 45 to 46.
Key words: Chiroptera, Miniopterus schreibersii, speciation, Anatolia, mitochondrial DNA, microsatellites

INTRODUCTION
The delimitation of species with non-overlapping
distributions, in allopatry, can be problematic under
the biological species concept. When differentiated
allopatric populations of a species are found, their
designation as a subspecies or (allo)species is not
straightforward. Mayr and Ashlock (1991) suggest
that three lines of evidence may indicate if geographically disjunct populations are separate species; the populations may be as morphologically differentiated as other sympatric species in the same
genus, exhibit parapatric distributions without interbreeding, or show some distributional overlap. Yet,
in many cases such evidence is not available and
taxa composed of a large number of allopatric forms
with only minute phenotypic differences have traditionally puzzled researchers, with regards to taxonomic interpretations.
A typical example is the bent-winged bat, Miniopterus schreibersii (Kuhl, 1817), formerly considered to be one of the few mammalian species with

a subcosmopolitan distribution; ranging from
Northern Africa, Southern Europe to Asia, the Solomon Islands and Northern Australia (Koopman,
1994). More recently, the taxon has not been considered a homogenous species (Maeda and Honyurui,
1982; Horáček et al., 2000), and this has been confirmed recently with molecular methods. Appleton
et al. (2004) demonstrated that M. schreibersii actually represents a paraphyletic complex with respect
to other miniopterine species and is composed of
multiple taxa.
A region in which two forms of M. schreibersii
are observed is Anatolia, the part of Turkey within Asia (Fig. 1). These are M. s. schreibersii and
M. s. pallidus. These two subspecies were initially
differentiated based on fur coloration with M. s. pallidus being defined as the paler type (pallidus is
Latin for pale) and being found in Anatolia (Steiner
and Gaisler, 1994). Focusing in Turkey in greater
detail, initial research suggested that the subspecific
differentiation occurred between Thrace (the part
of Turkey in Europe) and Anatolia (Albayrak and
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The taxonomic position of Bobrinski’s serotine (Eptesicus bobrinskoi) is still unclear. In the present study the relationships
between E. bobrinskoi and other small Palaearctic serotines were examined based on morphometric and molecular evidence.
Both mitochondrial (cytochrome b) and nuclear (THY) sequence data indicate that E. bobrinskoi is closely related to Gobi serotine
(E. gobiensis). The difference between these two forms is significantly lower than between either of them and any other Palaearctic
serotine. The results of morphometric analysis suggest that morphological differentiation between E. gobiensis and E. bobrinskoi
is to a large extent accounted for by size difference. It is concluded that the species status of Bobrinski’s serotine is doubtful and this
bat should be treated as a subspecies of E. gobiensis.
Key words: Eptesicus, taxonomy, morphometrics, cytb, Eptesicus gobiensis, Central Asia, geographic variation

INTRODUCTION
Bobrinski’s serotine was described by Kuzyakin (1935) as a species possibly closely related to
‘E. alashanicus’. The latter form was treated later as
a subspecies of ‘Vespertilio’ savii (Kuzyakin, 1950)
and, hence, transferred to Pipistrellus (Tate, 1942;
Ellerman and Morrison-Scott, 1966; Corbet, 1978)
and finally to Hypsugo (Horáček and Hanák,
1985–86). However, Bobrinski’s bat is still retained
in Eptesicus (Pavlinov and Rossolimo, 1987) regarded as, probably, the smallest member of the
genus. It was considered as a full species by Tate
(1942) and this opinion was accepted by most
subsequent authors despite questionable relations
with other minute eptesicoid, Eptesicus nasutus
(Ellerman and Morrison-Scott, 1966). Similar to all
small-size Eptesicus it was once allocated to the
subgenus Amblyotus (Pavlinov and Rossolimo,
1987). However, recent genetic studies (Hoofer and
Van Den Busche, 2003; Artyushin et al., 2009) demonstrated that the division of Eurasian Eptesicus
into subgenera should be revised and, hence, the status of Amblyotus is doubtful. Strelkov (1986, 1989)

demonstrated the species validity of the Gobi serotine, Eptesicus gobiensis on the morphological basis
and proposed close relationships between this
species and E. bobrinskoi. Finally, obvious segregation between E. bobrinskoi and E. nasutus was clearly shown on the material from the Middle East (Benda and Reiter, 2006).
For decades E. bobrinskoi was thought to be
an endemic species of Kazakhstan (Strelkov, 1980;
Strelkov and Shaimardanov, 1983), though a specimen once attributed to this species was found in
Ossetia, the Caucasus (Kuzyakin, 1950). Actual taxonomic attribution of the Ossetian material (preserved in Zoological Museum of Moscow State University) is a matter of controversy since it was interpreted as an abnormal Hypsugo savii or E. gobiensis
(I. Kozhurina, personal communication). Recently
E. bobrinskoi was found in Syria (Benda and Reiter,
2006) and this is probably the only well-documented record of the species out of Kazakhstan.
Eptesicus bobrinskoi still remains one of the
least investigated Palaearctic bat species, particularly with regards to its taxonomic position. While
E. gobiensis was included in studies based on
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Due to its morphological conservatism, the American funnel-eared bats of the genus Natalus have had a complex taxonomic history.
In Mexico only one species, N. stramineus, has traditionally been recognized. But recently a new endemic species, N. lanatus, was
described in the region as a sympatric sibling species of N. stramineus. Natalus stramineus, with a geographic distribution extending
from Mexico to Panama, was subsequently reassigned to N. mexicanus. In this study, we analyzed morphological and molecular
characters to determine if two distinct species of funnel-eared bats (N. lanatus and N. mexicanus) occur in Mexico. We found that
the proposed diagnostic morphological characters that separate the two taxa are not consistent and rarely differentiate between the
two forms. Likewise, phylogenetic analyses do not support the separation of Natalus into two species in Mexico, but there is clearly
geographic structure when all Mexican haplotypes are combined. The genetic distance between the haplotypes that could be ascribed
to N. lanatus and N. mexicanus was typically within the range of conspecifics and not distinct species. To summarize, the results of
both morphological and molecular analyses point to the presence of a single species of Natalus in Mexico.
Key words: bats, cytochrome b, Mexico, sibling species, taxonomy

INTRODUCTION
Due to its morphological conservatism, the
American funnel-eared bat genus Natalus has had
a complex taxonomic history with an uncertainty in
the number of species, which has ranged from two,
N. stramineus Gray, 1838, and N. tumidirostris Miller, 1900 (Koopman, 1994) to eight: N. espiritosantensis (Ruschi, 1951), from Brazil, Bolivia and Paraguay; N. jamaicensis (Goodwin, 1959), from Jamaica; N. lanatus Tejedor, 2005, from Mexico and
Costa Rica; N. major Miller, 1902, from the Dominican Republic and Haiti; N. mexicanus Miller,
1902, distributed from Mexico to Panama including
several offshore continental or oceanic islands of
Mexico, Panama, and Colombia; N. primus Anthony, 1919, from Cuba, Isle of Pines, the Bahamas,
and Grand Cayman; N. stramineus Gray, 1838,
from the islands of the Lesser Antilles north of the
St. Lucia Chanel; and N. tumidirostris Miller, 1900,

found in Colombia, Venezuela, Guyana, Suriname,
French Guiana, and the islands of Trinidad, Tobago,
Margarita, Curacao, and Bonaire (Tejedor, 2011).
In Mexico, the taxonomic status of the funneleared bats of the genus Natalus has also been unclear, with different researchers proposing contrasting taxonomic arrangements. Only one species,
N. stramineus, has been generally recognized in
Mexico with two allopatric subspecies, N. s. stramineus and N. s. mexicanus (Hall, 1981), which were
differentiated by morphological features such as coloration and body size, but with recognized inconsistencies (Dalquest, 1950; Goodwin, 1959; VillaRamírez, 1966; Hall, 1981).
The most recent taxonomic arrangement suggests the presence of two American funnel-eared
bat species in Mexico: N. lanatus and N. mexicanus
(Tejedor, 2006). Natalus lanatus, which was described one year earlier in a taxonomic review based
on museum specimens (Tejedor, 2005), displays
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The original description for Anoura fistulata (long-lipped bat) was mostly qualitative in nature. Here we make a quantitative
reassessment of morphological variation in skull shape for this and other Ecuadorian species. Our goal is to provide a perspective
into morphospace for understanding the boundaries and extent of variation within and among species of Anoura occurring in
Ecuador. Our results show that, besides its singular differences in soft-tissue anatomy, the distribution of samples in morphospace
for A. fistulata suggests this species occupies an intermediate space between A. geoffroyi and A. caudifer. Anoura geoffroyi and
A. caudifer share opposite regions of morphospace, where size is the largest factor contributing to variation, and along the shape
vector both species are distinguished mostly by a contraction of the maxilla and a contraction of the braincase, respectively. Although
size is the main factor determining boundaries among species, for A. cultrata shape seems to be more relevant, as its geometric
configuration of the skull is remarkably different. The other species are similar in shape when size is factored out. An unusual group
of specimens may require further study as they may represent an unknown species, as these occupy unexpected areas of
morphospace. A discussion of why we do not think there is evidence to assign this unusual group to any of the small species of
Anoura (i.e. A. caudifer, A. aequatoris, and A. luismanueli) is also included. Populations of A. geoffroyi from the western and eastern
slopes of the Andes show statistically supported differences in most of the measured morphological traits, however this is not true
for A. caudifer. The effect of western and eastern habitats on the geometric configuration of the skull is different and inverted
between both species. This results in a statistical interaction between the two slopes of the Andes and the two species. Eastern
populations of A. geoffroyi and A. caudifer are morphologically closer than western populations in both species. Anoura geoffroyi
possesses a larger altitudinal range and a larger body size, a positive correlation that may concur with the hypothesis of body size
serving as a buffer to extreme or highly variable environments. The frequency distribution of character states in morphospace and
their differentiation across the various species of Anoura is discussed in the context of diet and habitat.
Key words: Anoura, geometric morphometrics, morphology, morphospace, shape, size, species boundaries

INTRODUCTION
In a previous study Jarrín-V. and Kunz (2008)
discussed the drawbacks that a qualitative interpretation of character state variation may have for the
diagnosis of species in Anoura. Jarrín-V. and Kunz
(2008) suggested that a quantitative approximation to the study of boundaries among species could
provide a deeper understanding of previously unknown patterns of variation. Based on the premise
that the qualification of continuous variation is limited and inaccurate (sensu Jarrín-V. and Kunz, 2008),
herein, we make a quantitative reassessment of
the cranial variation that was qualitatively described
by Muchhala et al. (2005) for Anoura fistulata, in

the context of other sympatric species within the
genus. This is the first approach to the study of variation in Anoura from a geometric and multivariate
perspective.
Apart from what seems to be a remarkable set of
differences in soft anatomy, such as an exceedingly
long tongue and lower lip (Muchhala, 2006), and by
means of qualitative comparisons of morphological
characters states (i.e. a visual assessment), the original description for A. fistulata affirmed that the cranium and mandible in this species were similar in
shape, but not size, to Anoura caudifer (Muchhala et
al., 2005). We would expect, therefore, that quantitative shape variation, when controlled for size variation, will overlap between both A. caudifer and
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A diverse syntopic bat community was studied in Central Europe. The study was primarily aimed at forest bats utilizing a foliagegleaning foraging strategy (Myotis nattereri, M. bechsteinii and Plecotus auritus). The results indicated the foliage-gleaning foraging
strategy and the effective resource partitioning. Once a certain diet item comprises an important food resource for one bat species,
it is usually exploited much less by the other two bat species, and despite important seasonal dietary changes this pattern lasts
throughout the entire season. Dietary composition varies more among the entire guild of forest foliage-gleaning bats than it does
between these species and their morphological siblings or evolutionarily related species (e.g., Plecotus auritus vs. P. austriacus or
Barbastella barbastellus, Myotis nattereri vs. M. emarginatus). The results are not fully consistent with the predictions of sensory
ecology, which presume that bats with longer ears feed more frequently on prey that generates sound. The results do not support the
hypothesis that rare bats exploit a narrower range of prey. The relatively rare M. bechsteinii has a wider trophic niche, whereas the
more common P. auritus exploits a narrower range of prey. Comparison of dietary composition and morphological and echolocation
parameters indicates that larger species feed on harder prey, species with longer ears are moth-eating specialists and species with
a higher call intensity exploit small dipterans, probably in uncluttered habitats.
Key words: gleaning bats, foraging strategy, trophic niche overlap, Myotis nattereri, Myotis bechsteinii, Plecotus auritus

INTRODUCTION
It has been suggested that insectivorous bats,
sometimes feed on whatever insects are available at
a given time and place (Belwood and Fenton, 1976;
Fenton and Morris, 1976) and study of syntopic
community provides an excellent opportunity to test
the hypothesis that insectivorous bats simply feed on
the available insect taxa: if bats eat what is available, then all bats taken at the same time and place
should essentially feed on the same foods (e.g.,
Whitaker, 2004). The current study is focused on
three bat species of similar body size, dwelling in
the same habitat and furthermore, applying the
same foraging strategy. Aforementioned prediction
of Whitaker (2004) leads to a guiding hypothesis
that the studied species should have very similar
diet compositions. On the other hand, it is alternatively hypothesised that animals living in the same
habitat are usually distinguished by various niche

parameters that enable their coexistence (MacArthur
and Pianka, 1966; Siemers and Schnitzler, 2004).
Therefore, the question arises, how syntopic species share the available food resources. Different
species should consequently diverge in their trophic
niches despite their occurrence in the same habitat. The main aim of the study is to compare two
alternative hypotheses being previously mentioned. Niche partitioning and coexistence ability together with regional species pool and distribution patterns determines species composition, richness and morphological assembly mechanisms in
bat assemblages (e.g., Arita, 1997; Moreno et al.,
2006).
The diets of Myotis nattereri (Kuhl, 1817), Plecotus auritus (Linnaeus, 1758) and Myotis bechsteinii (Kuhl, 1817) were studied throughout most of
Europe (Bauerová and Červený, 1986; Beck, 1991;
Beck, 1995; Swift and Racey, 2002; Siemers and
Swift, 2006; C. M. McAney and C. Morris, in litt.,
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Most European bat species are insectivorous and share foraging areas to some extent. Where similar species rely on similar resources
in the same foraging habitat, they are likely to interact. This study addresses the trophic niche of the Northern European trawling
bat species Myotis dasycneme (Boie, 1825) and Myotis daubentonii (Kuhl, 1817), occurring in the same habitat, and possible
interactions or differences within their dietary behaviour. Dietary data of both species were analysed to draw conclusions on their
ecology, possible dietary overlap, hints for coexistence mechanisms and community structure. In this study, M. dasycneme and
M. daubentonii fed mainly on Chironomidae (M. dasycneme: 44.4%; M. daubentonii: 32.8%) and Trichoptera (M. dasycneme: 20.4%;
M. daubentonii: 22.2%), showing a high trophic niche overlap and similar niche breadth. Nevertheless, there were differences in the
diet of the two species concerning the predation of chironomids. Differences also occur regarding the prey types, referring to the
terrestrial or aquatic life-cycle of prey groups. This could be evidence for different foraging habitats and a spatial segregation of both
species. High resource abundance is also likely to allow the coexistence of both species within the same hunting habitat.
Key words: Myotis dasycneme, M. daubentonii, diet analysis, faecal samples, trophic niche, coexistence

INTRODUCTION
Bats are the most diverse group of mammals, and
this is especially pronounced in regard to their variability in trophic niches (Simmons, 2005). In temperate regions bats generally feed on arthropods,
and although temperate communities are less
diverse than those in the tropics, they still show
a variety of different foraging techniques and hunting behaviours. For example, some bat species that
hunt mostly over water show so-called ‘trawling’
behaviour or gaffing (Siemers et al., 2001b; Fenton
and Bogdanowicz, 2002). The described behaviour
and accompanying morphological adaptations, like
proportionally large feet, have now been observed in
species of three bat families: Noctilionidae (e.g.,
Kalko et al., 1998), Phyllostomidae (e.g., Weinbeer
and Kalko, 2007), and Vespertilionidae (e.g., Jones
and Rayner, 1988). In particular it is very common
among the genus Myotis, with over 12 species showing the mentioned adaptations (Ruedi and Mayer,
2001; Fenton and Bogdanowicz, 2002).
The European bat community harbours three
species of water surface foraging Myotis bats: the

long-fingered bat, M. capaccinii, the pond bat,
M. dasycneme and Daubenton’s bat, M. daubentonii, which all hunt for prey directly above the water
surface using their hind-feet to scoop prey that flies
above or floats directly on the water into their mouth
(Jones and Rayner, 1988; Kalko and Schnitzler,
1989; Siemers et al., 2001a, 2001b; Fenton and
Bogdanowicz, 2002). Myotis capaccinii occurs in
the Mediterranean basin and is absent from the central-northern parts of Europe. Myotis dasycneme is
distributed throughout the northern part of the
Eastern Palaearctic, showing a rather fragmented
distribution in Western European Lowlands, higher
abundance in Eastern Europe and Siberia with some
evidence of its occurrence in the Far East. It is regarded as threatened in most of its Western distribution area. In contrast, M. daubentonii occurs in nearly the entire Euro-Siberian zone from the British
Isles to Siberia, and also enters the Mediterranean
zone in the south. Along its eastern and southern
areal borders it is replaced by subspecies and sister
species (Matveev et al., 2005; Simões et al., 2007).
Myotis daubentonii is regarded as among the most
common bats in the Palearctic region.
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Seed dispersal is a key process for plant colonization and for the establishment of many plant populations in tropical environments.
A large proportion of all tropical woody plants with fruits and seeds depend on frugivorous vertebrates for their dispersal, and
frugivorous bats are essential for the dispersal of seeds from many tropical plants. Many of these plants are important for vegetative
regeneration after disturbances. Our main goal was to document the process of seed dispersal through feces-seed analysis by the bat
community among semi-deciduous, evergreen, and secondary forests in the ‘Huasteca’ region of San Luis Potosí, Mexico. We
hypothesized that bats would disperse seeds among all three forest types, and thus predicted that we would find seeds from both
early and late successional stages in bat feces in all three forest types. In each of three replicate sites representative of each of these
forest types, we trapped bats with mist-nets and collected their feces with seeds. A total of 558 individuals from eight frugivorous
bat species were captured. The most abundant species were Sturnira ludovici, Glossophaga soricina and Artibeus jamaicensis. We
documented seeds in bat feces from 16 plant species belonging to four families: Moraceae, Piperaceae, Solanaceae, and Myrtaceae;
43% were pioneer species, and thus important for the initial stages of regeneration, and 37% were species of late successional stages.
Seeds in bat feces were found in similar proportions in all forest types, thus contributing to the regeneration of highly deforested
habitats in the Huasteca region. To maintain the entire mutualistic network between bats and plant species, diverse bat communities
are important.
Key words: diet, frugivorous bats, frugivory, lowland tropical forest, Phyllostomidae, regeneration, San Luis Potosi, succession

INTRODUCTION
Seed dispersal by vertebrates is an essential
process for the establishment and colonization of
new habitats by most plant species from tropical environments. Between 70% to 98% of the flowering
woody plants from tropical moist forests are dispersed by vertebrates (Howe and Smallwood, 1982;
Janson, 1983). Frugivorous bats are perhaps one of
the most important groups involved in this process.
In a single night, bats visit several physically separated areas in which they feed, and can transport the
seeds they consume up to 10 km (Galindo-González, 1998; Bernard and Fenton, 2003). A large proportion of the seeds dispersed by bats in tropical
environments belong to pioneer species from the
families Solanaceae, Piperaceae and Cecropiaceae
(Galindo-González et al., 2000). Most of these plant

species are fast-growing trees that tolerate the extreme environmental conditions that predominate
in human-disturbed and deforested areas (EstradaVillegas et al., 2007). Therefore, bats play a key role
in forest regeneration processes (Muscarella and
Fleming, 2007). Moreover, bats also disperse seeds
from late successional tree species (Galindo-González, 1998; Galindo-González et al., 2000; OleaWagner et al., 2007), thus contributing to the development and persistence of climax forests stages.
The Huasteca region of Mexico, located at the
northeastern limit of the Mexican Neotropics, harbors a large number of well-preserved natural plant
communities, including semi-deciduous and evergreen tropical forests in its lowlands and oak and
pine-oak temperate forests in its highlands. Although
many of these forests previously received little
anthropogenic disturbance, they are increasingly
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Dietary differentiation can be a key mechanism for the coexistence of syntopic species with similar niches. On the Caribbean island
of Puerto Rico, three species of bat from the family Mormoopidae — the Antillean ghost-faced bat (Mormoops blainvillei), sooty
mustached bat (Pteronotus quadridens), and Parnell’s mustached bat (Pteronotus parnellii portoricensis) — are aerial insectivores
that roost in the same caves. To investigate the possibility of dietary differentiation, we estimated the percent volume and percent
frequency of occurrence of the orders of arthropods consumed by these three species of bat, using standard fecal analysis. We also
compared dietary diversity among species, as well as the amount of dietary overlap, with respect to season and habitat. Lastly, this
study used canonical correspondence analysis (CCA), a method of ordination, to assess the effects of species, sex, age, reproductive
condition, season, and habitat on intraspecific differences in the diet of the Puerto Rican Mormoopidae. Eight orders of arthropods
were found in the diet of these mormoopids, with Lepidoptera, Hymenoptera, and Coleoptera being major staples. The CCA revealed
differences in diet among the three species, suggesting that dietary differentiation is at least one mechanism for coexistence. In
addition, the variables habitat and season correlated significantly with the diet of M. blainvillei and P. quadridens, whereas habitat
and sex correlated with the diet of P. p. portoricensis. Thus, our study shows dietary differences among the three species of
Mormoopidae living in the same caves on Puerto Rico, as well as intraspecific differences within the diet of each species.
Key words: bats, diet, Mormoopidae, Mormoops blainvillei, niche partitioning, Puerto Rico, Pteronotus parnellii portoricensis,
Pteronotus quadridens

INTRODUCTION
Syntopic species depend on mechanisms, such as
dietary partitioning, that reduce interspecific competition and enhance individual fitness (Kinahan and
Pilley, 2008). Dietary partitioning can result from
changes in the behavior or morphology of one or
more of the species in an assemblage over time
(Aldridge and Rautenbach, 1987). For dietary differences to be a mechanism for coexistence of syntopic
species (Husar, 1976), each species must be more
efficient at locating, handling, and digesting its particular food than its competitors (Kinahan and
Pilley, 2008). However, there is conflicting evidence
as to whether various species in an assemblage of
bats exploit different foods when in syntopy
(Findley, 1993; Hickey et al., 1996; Carter et al.,
2004; Whitaker, 2004).
Oceanic islands are typically rich in endemic
species, but islands are also poorer in overall species
richness than assemblages on the mainland (Groom,
2006). Insular populations also are usually small and
subject to local catastrophes, such as hurricanes, that

affect the availability of habitat and food, thus contributing to high rates of extinction (MacArthur and
Wilson, 1967). For example, biologists have recorded 69 ‘extinction events’ among bats on islands in
the Caribbean Sea, with an extinction event defined
as any one species becoming extinct on any one
island (Morgan, 2001; Suaréz and Díaz-Franco,
2003). Knowledge of diet is essential information
needed for proper management of populations of endemic or endangered species, like those on oceanic
islands (Soto-Centeno and Kurta, 2006), and knowledge of diet also is crucial to understanding how
similar species can coexist on islands.
Puerto Rico (18.2613°N, 66.4360°W) is the
smallest (9,104 km2) and easternmost island of the
Greater Antilles. Thirteen species from five families
of bats reside on Puerto Rico, including members of
the Mormoopidae, a neotropical family with only
eight extant species (Dávalos, 2006). Three species
of mormoopids inhabit Puerto Rico: the Antillean
ghost-faced bat (Mormoops blainvillei), sooty mustached bat (Pteronotus quadridens), and Parnell’s
mustached bat (Pteronotus parnellii — Gannon et
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Populations of Pipistrellus nathusii (Nathusius’s bat), an insectivorous aerial-hawking species that breeds in north-eastern Europe,
perform long-distance migrations between breeding sites and hibernation areas in central and southern Europe. The feeding strategy
of migrating P. nathusii was investigated in Latvia on the east coast of the Baltic Sea, exploring evidence for and against two
non-mutually exclusive predictions that i) the bats feed shortly after dusk at highest aerial insect activity and continue to migrate
thereafter or ii) apply a ‘fly-and-forage’ strategy and frequently interrupt their migration flight to feed. Echolocation calls and
feeding buzzes of P. nathusii were recorded throughout the night from August until September on a known migration flyway over
coastal dunes and at potential foraging sites in adjacent woodlands, over meadows and wetlands. The results indicate that P. nathusii
applies a fly-and-forage strategy along the Baltic coast. However, a threshold in aerial insect availability may exist, below which no
foraging occurs and migration continues.
Key words: Baltic Sea, feeding strategy, Latvia, Pape Ornithological Research Station

INTRODUCTION
In autumn, some bat species from Fennoscandia
and north-eastern Europe, such as Pipistrellus
nathusii (Nathusius’s bat), migrate south along the
Baltic coast towards central and southern Europe
to overwinter (Popa-Lisseanu and Voigt, 2009).
Recoveries of wing-banded individuals (Strelkov,
1969; Pētersons, 2004; Hutterer et al., 2005) and
stable hydrogen isotope composition analysis (Voigt
et al., 2012a) suggest that this migration can be as
long as 2000 km between summer breeding and
winter hibernation areas (maximum distance documented from recapture data is 1905 km — see Pētersons, 2004). Meeting energy demands of migration is presumably of primary importance for
survival and reproductive success of the bats.
Bats are able to forage and feed during flight, thus
replenishing energy loss due to flight by rapid
mobilisation and oxidation of ingested nutrients
(Welch et al., 2008; Voigt et al., 2010; Suarez et
al., 2011). Direct and indirect observations suggest that migrating bats may feed while migrating
(Ahlén et al., 2009; Valdez and Cryan, 2009). Prior
to hibernation and migration bats feed intensively

to store fat (Kunz et al., 1998; McGuire et al.,
2009; Šuba et al., 2011). Stored fat is also utilised
for energy during migration flights, complementing or substituting the exogenous fuel source
obtained directly from consumed prey (Voigt et al.,
2012b).
By acoustically monitoring migrating P. nathusii
in the field at the Baltic coast of Latvia, we investigated how bats allocate their time between migration flights and foraging efforts. At high latitudes, nocturnal insect abundances typically peak
shortly after dusk and then decline until a second
peak occurs just before sunrise (Taylor, 1963). This
bimodal pattern is usually reflected in the foraging activity of aerial-hawking bats (Racey and
Swift, 1985; Rydell et al., 1996). We may therefore expect that bats on migration would allocate
most feeding efforts to the period after dusk and
before dawn, and show a reduced feeding rate in
between. However, if insect abundance remains
high throughout the night, they may apply a ‘flyand-forage strategy’ en-route (Strandberg and
Alerstam, 2007), perhaps interrupting the migration flight to feed whenever rich food patches are
encountered.

Acta Chiropterologica, 14(2): 387–399, 2012
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS
doi: 10.3161/150811012X661701

Ranging patterns and habitat use of a solitary flying fox (Pteropus dasymallus) on
Okinawa-jima Island, Japan
ATSUSHI NAKAMOTO1, 3, KAZUMITSU KINJO2, and MASAKO IZAWA1
1Faculty of Science, University of the Ryukyus, 1 Senbaru, Nishihara, Okinawa, 903-0213, Japan
Faculty of Law, Okinawa International University, 2-6-1 Ginowan, Ginowan, Okinawa, 901-2701, Japan
3
Corresponding author: E-mail: dasymallus@gmail.com

2

Most flying fox species (genus Pteropus) exhibit strong coloniality. They are highly mobile animals and commonly forage over vast
areas. Only a small number of species are solitary, and their foraging and roosting patterns are not well understood. Here, we
examined ranging patterns and habitat use of Orii’s flying fox, Pteropus dasymallus inopinatus, a solitary fruit bat, using radiotracking from April 2002 to January 2006 on Okinawa-jima Island, Ryukyu Archipelago, Japan. The daily home range size for this
species was very small (mean 52.5 ha) compared to other Pteropus species, although home range size was highly variable among
individuals and seasons. The distance between a day roost and feeding trees was 621 m on average, with a maximum of 6,875 m.
Day roost site shifted frequently (every 1.6 ± 0.8 days) to a nearby site in the current foraging area. The distance between consecutive
day roost sites was 792 m on average, with a maximum of 6,000 m. These bats favored forest habitats for roosting sites, whereas
they often used residential areas as feeding sites. Our results suggest that they regularly shifted the location of their personal activity
range, a small home range with roost switching, probably to track changes in food availability and to avoid local competition for
food. The solitary roosting system of this species links to its flexible foraging system, which likely provides an advantage for using
limited food resources on a small island, even when food is patchily distributed in urbanized habitats.
Key words: home range size, movements, Pteropus dasymallus inopinatus, radio-tracking, Ryukyu flying fox, roost switching, social
system, urbanization

INTRODUCTION
Roosting habits are one of the most important determining factors for home range and movement
patterns in many chiropteran species (Kunz, 1982).
Most species exhibit coloniality and use caves as
fixed roosting sites, although a variety of roosting
types are known (e.g., tree hollow and tent making).
Several advantages are derived from living in large
colonies or using of caves, such as stability in temperature and humidity levels or predator avoidance.
Flying foxes (genus Pteropus) also exhibit strong
coloniality and form large colonies that consist of
hundreds to over a million individuals in a traditional roosting site, which is known as a camp (Pierson
and Rainey, 1992). The movement patterns of many
frugivores, such as flying foxes, commonly depend
on seasonal changes in food distribution and
availability due to fruiting phenology (Whitney and
Smith, 1998; Palmer et al., 2000; Hodgkison et
al., 2004; Nakamoto et al., 2007b). Marshall (1983)
suggested that colonial roosting results in flock

foraging in the same feeding area or long-distance
commuting from a day roost to feeding sites because
local competition for food is higher around the
colony. Indeed, many Pteropus species commonly
commute long distances (20–50 km) from a day
roost to foraging sites (Marshall, 1983) and have
huge home ranges. The extents of the daily ranges of
individual bats may be strictly limited by their roosting locations in colonial flying foxes such as campmaking bats. On the other hand, only two species
(P. samoensis and probably P. pumilus) had been
known to be solitary flying foxes (Mickleburgh et
al., 1992), until the recent addition of the Ryukyu
flying fox (P. dasymallus) to the list of solitary
species (Nakamoto, 2008). The foraging patterns of
these flying foxes are generally unknown because of
their rare social system among chiropterans.
The Ryukyu flying fox [body mass 350–600 g,
forearm length (FAL) 130–145 mm] inhabits the
Ryukyu Archipelago of Japan, Turtle Island and
Green Island of Taiwan, and small northern islands
of the Philippines. It is divided into five subspecies
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The effects of detector height and season on bat activity have not been investigated in the UK and are poorly understood globally,
yet are crucial to designing effective acoustic activity surveys. The aim of this study was to test predictions of species foraging
preferences for the canopy or understorey and to determine whether this pattern shows seasonal variation. Bat activity was recorded
using automated detectors in the canopy and understorey of an ancient broadleaved woodland in south-west England in spring and
summer for a total of 40 nights. Activity levels were then compared between each of the two detector heights and two seasons. The
canopy detector recorded significantly more bat activity overall and recorded significantly higher activity of Nyctalus, Pipistrellus
pipistrellus and P. pygmaeus compared to the understorey detector. Nyctalus were more frequent in summer compared to spring.
Pipistrellus pipistrellus consistently preferred the canopy, whilst P. pygmaeus showed this preference in summer only. Myotis were
more frequent in spring compared to summer, favouring the understorey in spring but displaying a marginal preference for the
canopy in summer. This suggests that it is advisable to record at multiple heights at different stages of the active season to assess
bat activity in woodland. These effects should be tested in other woodland sites in order to determine the consequences of groundbased recording during a limited survey period.
Key words: Anabat, forest, flight height, ultrasound, vertical stratification

INTRODUCTION
An understanding of the spatial and seasonal
usage of woodlands by bats is necessary to design
effective activity surveys and improve our knowledge of bat distributions. Such information is also
important for our understanding of fine level foraging and habitat requirements and helps us in protecting important sites, which are research priorities
(Hutson et al., 2001).
Investigations into the foraging height preferences of bats have been strongly geographically biased to tropical regions and temperate North America. Extensive studies in the tropics, most of which
involved the use of mist netting, have found differences in vertical stratification between and within
taxonomic families (Handley, 1967; Ingle, 1993;
Francis, 1994; Zubaid, 1994; Simmons and Voss,
1998; Whybird, 1998; Kalko and Handley, 2001;
Hodgkison et al., 2004; MacSwiney et al., 2008).
Studies in temperate North America have primarily
relied on ultrasound detectors. Large, open-adapted
species such as Lasiurus cinereus and Eptesicus

fuscus, as well as the smaller Nycticeius humeralis
are more active above the canopy (Kalcounis et al.,
1999; Hayes and Gruver, 2000; Menzel et al., 2005).
In contrast, small, manoeuvrable Myotis species
favour the lower canopy, but are more versatile,
perhaps reflecting differences between species (Kalcounis et al., 1999; Hayes and Gruver, 2000). In
temperate Australia, edge-space adapted bats, defined as those echolocating above 32 kHz, were
more active in the sub-canopy and canopy whereas
open-adapted bats favoured the canopy alone
(Adams et al., 2009).
The flight height preferences of British bats can
be predicted using the results of previous studies
elsewhere in the world. Canopy specialist species
tend to have higher wing loadings, aspect ratios, and
lower frequency echolocation calls, all of which
make them better adapted to open rather than cluttered environments. Applying this pattern, Nyctalus
and Eptesicus can be predicted to favour the canopy,
but Myotis and Plecotus should favour the understorey given their flight morphologies (Norberg,
1981). The only published study to investigate the
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The vocalizations of the Malagasy endemic fruit bat, Eidolon dupreanum (family Pteropodidae) were previously not documented.
Individuals of this species, which make day roost sites in rock crevices or the dark zones within caves, were recorded while exiting
a cave in the Parc National d’Ankarana. Individuals leaving a roost at dusk were recorded 200 m and 35 m inside the cave, as well
as two sites outside the cave. Visible light in the cave dropped to 0 lux about 50 m from the entrance. While exiting, individuals flew
within 50–100 cm of the ceiling, often settling and perching every 5–10 m along their flight patch and displacing in a leapfrog
manner towards the cave entrance. Three distinct call types were identified: social calls 1, social calls 2 and echo clicks. Bats produce
the echo clicks while flying towards the entrance, while the other two calls were emitted at roost sites and near the cave entrance.
Although the results are preliminary, we suggest that the social calls 1 and 2 were employed for social communication, whilst echo
clicks may have been used in a sensory context, potentially as incipient echolocation to navigate in the dark cave.
Key words: Eidolon dupreanum, cave-roosting, dark zone, vocalization, incipient echolocation, Madagascar

INTRODUCTION
Bats are the only animals with sophisticated laryngeal echolocation (Jones and Holderied, 2007).
Specifically, Yangochiroptera and Yinpterochiroptera (except Pteropodidae) use echolocation to navigate and detect, localise and classify prey in space
(Eick et al., 2005; Jones and Teeling, 2006). In contrast, vision and olfaction are the dominant sensory
systems for orientation and food acquisition in
Pteropodidae (Altringham and Fenton, 2003), which
are largely frugivorous, hence their frontally positioned eyes, visual brain centres and olfactory regions are much larger than those of echolocating
bats (Barton et al., 1995; Hutcheon et al., 2002).
Nonetheless, bats from the genus Rousettus use
tongue-clicks to navigate dark habitats — specifically caves — where they roost (Griffin et al., 1958;
Holland et al., 2004; Yovel et al., 2010). Although
it was long assumed that this method is more
primitive, R. aegyptiacus performed equally well
in obstacle negotiation tests as laryngeal echolocators (Yovel et al., 2011a). In fact, click-based

echolocation in bats is an effective echolocation
strategy, similar to the biosonar used by whales and
dolphins (Yovel et al., 2011b).
Extreme environments such as caves are believed to funnel evolution towards a limited number
of predictable outcomes (Trontelj et al., 2012). The
use of echolocation as sensory mechanism in pteropodids that roost in caves may be such an example. In addition to Rousettus, click-based echolocation has evolved multiple times in cave-roosting
birds (e.g., oilbirds Steatornis caripensis and cave
swiftlets such as Aerodramus spp. and Collocalia
troglodytes), and even within swiftlets there are high
levels of homoplasy in this trait (Price et al., 2005).
Excluding Rousettus, there is limited evidence
that other genera of Pteropodidae use sound to navigate. Grinnell and Hagiwara (1972) found that the
echolocation clicks of Rousettus are not greatly
different from the clicks produced at a high repetition rate in the ‘screams’ of Macroglossus or Syconycteris bats, and speculated that the latter genus
might be able to obtain information from echoes,
especially after forced to live in total darkness for
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During monthly bat surveys carried out in winters of 2008/2009 and 2009/2010 we studied clustering behavior of greater mouseeared bats (Myotis myotis) hibernating in the Międzyrzecz Fortified Front (MFF) in western Poland. Since the behavior of
hibernating bats is usually affected by varying environmental conditions we measured changes in the ambient temperature (Ta) and
water vapor pressure (WVP) and their variability in the selected areas and analyzed the relationship between clustering behavior of
hibernating bats and abiotic conditions. In both winters, the number of solitarily roosting individuals of M. myotis decreased from
autumn to spring while the highest number of bats hibernating in clusters was recorded in the middle of winter. The number of
clusters did not change significantly over the winter, but the number of individuals within a particular cluster increased from
November (median = 5, inter-quartile range, IQR = 5–8) to March (median = 20, IQR = 14–35.5). The changes of the clusters' size
were best explained by a mixed model with WVP and the variability in WVP over the 20 days prior to the bat survey as explanatory
variables. As WVP and the variability in WVP decreased, the number of individuals in a cluster increased. Also, Ta affected the size
of clusters. However, neither of the models supported the hypothesis of the effect of variability of Ta on clustering of M. myotis.
We propose that huddling enables bats to reduce evaporative water loss during the middle and at the end of the hibernation and
reduces costs of spring arousals, perhaps by synchronizing them between clustered individuals and thus allowing the use of passive
re-warming.
Key words: bats, Myotis myotis, hibernation, clustering behavior

INTRODUCTION
Temperate zone bats are heterothermic and use
torpor both daily and seasonally (Lyman et al.,
1982). According to the “Glossary of Terms for
Thermal Physiology” (IUPS Thermal Commission,
2003: 275), torpor is “a state of inactivity and
reduced responsiveness to stimuli” but is also characterized by lowered body temperature (Tb) and reduced energy expenditure (Geiser, 2004). In summer, when weather is bad and food availability is
scarce, temperate zone bats enter episodes of torpor
which are usually shorter than 24h. In winter most,
if not all, temperate zone bats enter hibernation,

which is comprised of long, multi-day episodes of
torpor that are interrupted by short episodes of interbout normothermy (Altringham, 2011). During hibernation, Tb of bats is maintained only a few degrees above ambient temperature (Ta) (Hock, 1951)
and, as a result, their energy expenditure is significantly reduced (Dunbar and Tomasi, 2006).
Most temperate zone bats hibernate in cold (from
ca. 0 to ca. 10°C) and relatively humid (ca. 90% relative humidity) hibernacula (Thomas and Cloutier,
1992; Thomas and Geiser, 1997). The preferred ambient temperature for hibernation varies markedly
within and among bat species (Harmata, 1969, 1973;
Gaisler, 1970; Urbańczyk, 1991; Webb et al., 1996).
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Distribution patterns of bats in the Eastern Mediterranean Region through
a climate change perspective
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The impact of climate change on different species has been analyzed many times in various geographical areas. However, some areas
still have a large knowledge gap while harbouring significant levels of biodiversity. The main aim of this study was to determine
how climate change will affect 16 different bat species in the Eastern Mediterranean Region. Using presence only modelling
techniques and relevant bioclimatic data forecasts according to two different climate change scenarios (A2A and B2A) of the
Intergovernmental Panel on Climate Change (IPCC), the potential geographic distribution of bat species in the eastern
Mediterranean region for the current period and the years 2020, 2050 and 2080 were modelled. The results suggest that climate
change can affect bats negatively throughout the 21st century in the studied area on two fronts: i) species richness will deteriorate,
and ii) the total area occupied by bats will decline. These impacts are likely to be more severely observed in Turkey’s coastal areas,
northwest Turkey, Red Sea coasts, Israel, and the west of Syria and Jordan. Using only bioclimatic variables as factors, and thus not
using any land cover (or habitat) data, was the main limitation of the study. Hence the models and results of the study present ‘best
case’ scenarios.
Key words: Chiroptera, Environmental Niche Modelling, climate change, distribution, Eastern Mediterranean

INTRODUCTION
Average global temperatures have increased by
0.74°C over the last 100 years (Bernstein et al.,
2007) and significant effects of global climate
change on biological species are already being felt
in a number of taxa. For example, the polar bear,
Ursus maritimus, populations now suffer from the
loss of summer sea ice in the Arctic and five Arctic
nations have declared climate change to be the single greatest threat to this species (WWF, 2002); the
pika, Ochotona princeps, a species living in western
United States and highly sensitive to temperature
changes, is the first species considered to be pushed
to the brink of extinction due to climate change
(Grayson, 2005). In fact, recent research showing
temperature-related shifts affecting more than 100
species, ranging from mollusks to mammals and
from grasses to trees, demonstrates the current and
visible impact of climate change (Root et al., 2003).
In the mid- and late 21st century, the effects of
global climate change are expected to be even more

drastic, when the global temperatures are predicted
to increase by as much as 6°C (Hegerl et al., 2007).
The potential impact of these changes on species
distributions has been investigated for various organisms with several approaches: monitoring current bat distributions and study its changes in relation with climate change (Lundy et al. (2010),
studying bat behavioral and/or physiological responses to climatic conditions similar to the predicted climate change [Adams and Hayes (2008), investigating species responses to past climate change
(Flanders et al. (2011)], and using a modelling approach involving the construction of a ‘climate envelope’ (Willis and Bhagwat, 2009). This method is
probably where the majority of studies have focused
though little has been produced for bats. The function of this envelope is to delimit the climatic conditions such as temperature and humidity, that particular species or groups of species are found in. This
envelope is subsequently projected on the climate
scenarios for the 21st century, giving a projection of
where suitable climatic conditions will be located,
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Factors influencing bat activity and mortality at a wind farm
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Our study aims to determine how different climatic variables influence bat activity and mortality at wind farms in Portugal. The
study was conducted from March to October 2007 at a wind farm with 20 turbines located in Northern Portugal. Bat activity was
determined by ground bounded acoustic sampling, while mortality was assessed through fatality searches around each turbine.
Sampling occurred weekly and activity was measured the night before fatality search. The highest activity and mortality rates were
from Nyctalus leisleri and Pipistrellus pipistrellus. The majority of activity and mortality (95% and 94% in that order) occurred from
August to October and both were significantly correlated with wind speed, temperature and relative humidity; mortality also
appeared to be influenced by wind direction. Our results show that it is possible to establish a relationship between ground bounded
activity and mortality. Our results are relevant for the implementation of effective minimization measures and, therefore, for bat
conservation in the Mediterranean region. Specifically, our results show that nearly all (94%) of bat mortality at wind farms happens
from August to October, at temperatures higher than 13.0ºC, and wind speeds lower than 5.0 m.s-1.
Key words: Chiroptera, activity, mortality, conservation, weather conditions, P. pipistrellus, Portugal, N. leisleri, wind farms

INTRODUCTION
Since 1996, when attention initially was drawn
towards bat mortality on wind farms (Osborn et al.,
1996), several investigators have reported high
numbers of bat deaths throughout Europe and North
America (e.g., Bach et al., 1999; Rahmel et al., 1999;
Erickson et al., 2002; Ahlén, 2003; Dürr and Bach,
2004; Kunz et al., 2007a; Arnett et al., 2008; Baerwald et al., 2008; Rydell et al., 2010a). That bats are
dying at wind turbines is undeniable, but in most
cases most mortality seems to happen during a limited period of time and under specific weather conditions (Johnson et al., 2003; Fiedler, 2004; Cryan
and Brown, 2007; Arnett et al., 2008; Baerwald et
al., 2008).
In response to this potential threat to bats, a number of mitigation measures have been recently suggested, such as the installation of deterrents and
changes in wind turbine cut-in speed. Acoustic deterrents (Szewczak and Arnett, 2007) and electro-

magnetic radiation (Szewczak and Arnett, 2007)
have not yet been proven to be effective at preventing bats from approaching wind farms. Moreover,
the impact of such measures on other wildlife, like
birds or insects, has not been assessed to date.
Changes in wind turbine cut-in speed do seem to be
highly effective at reducing bat mortality (Behr and
von Helversen, 2006; Baerwald et al., 2009; Arnett
et al., 2011). Despite the potential low cost to wind
farm producers, there has been considerable resistance to enacting this measure, however. Specialists
and regulatory officials must provide data indicating the conditions that lead to higher levels of
mortality for the widespread implementation of
any such preventative measure. Arnett et al. (2011)
have demonstrated that reduced mortality could
be accomplished increasing turbine cut-in-speed,
defined as the wind speed at which turbine-generated power enters the electricity grid, with minimal
losses for wind farm operators. Improving the
knowledge of weather variables that influence bat
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Bat fatalities at wind farms in north-eastern Greece
PANAGIOTIS GEORGIAKAKIS1, 5, ELŻBIETA KRET2, BEATRIZ CÁRCAMO2, BAPTISTE DOUTAU2,
ARTEMIS KAFKALETOU-DIEZ2, DIMITRIS VASILAKIS2, 3, and ELENI PAPADATOU4
1Natural

History Museum of Crete, University of Crete, Knossos Ave, P.O. Box: 2208, GR71 409, Irakleion, Crete, Greece
2
WWF Greece, Evros Project, Dadia 68400 Soufli, Greece
3
University of Ioannina, Department of Environmental & Natural Resources Management, Seferi 2, 30100, Agrinio, Greece
4D. Vernardou 14A, Athens, Greece
5
Corresponding author: pangeos@nhmc.uoc.gr
Several recent impact studies reveal that in some localities industrial wind farms are associated with high numbers of bat fatalities.
In Europe, most published studies have been conducted in the northwest, while bat diversity generally is much higher in the south
of the continent. Here we provide evidence from a post-construction monitoring study conducted in north-eastern Greece between
August 2009 and July 2010. Overall, 88 turbines from nine wind farms were intensively searched, and 181 dead and two injured
bats were found in their proximity. The most frequently killed species were Nyctalus leisleri (n = 56), Pipistrellus pipistrellus/
P. pygmaeus (53), P. nathusii (35), Hypsugo savii (23) and N. noctula (10). Fatality rates were high from June to September. Most
killed bats were adult males. Observed differences in the temporal pattern of fatalities among species may be associated with
differences in their behaviour and distribution. Sex segregation with males at higher elevation, where the wind farms were located,
and/or absence of females from such areas during summer may be the reason behind the higher male mortality rates. Bat fatalities
were unequally distributed among wind farms and turbines. Four turbines (5%) accounted for 27% and 13 turbines (15%) for 51%
of the fatalities. The most frequently killed species exhibited different spatial patterns of fatality, presumably because some turbines
were located closer to roosts and/or commuting corridors. Fatalities were positively correlated with tower height but not with rotor
size. To reduce bat fatalities, we recommend an increase in the cut-in speed of turbines responsible for fatalities from sunset to
sunrise.
Key words: wind turbine, bat fatalities, migration, elevational distribution, Nyctalus, Pipistrellus

INTRODUCTION
In order to reduce greenhouse gas emissions,
more energy is produced from renewable resources
(European Commission, 2010; REN21, 2010) and
wind power is among the most common and fastest
growing renewable energy sources worldwide
(EWEA, 2010). Although wind energy is considered
as an environment-friendly alternative to fossil
fuels, wind energy facilities may have severe
adverse effects on important habitats and wildlife
during construction and operation. Following the
installation of the first large-scale wind energy facilities, concerns were raised regarding their impact on
birds, especially migrating raptors and passerines
(Rogers et al., 1977; Barrios and Rodríguez, 2004;
de Lucas et al., 2004; Smallwood and Thelander,
2008; Garvin et al., 2011). However, many bats
killed at wind turbines were subsequently reported

(e.g., Alcalde, 2003; Dürr and Bach, 2004; Brinkmann et al., 2006; Barclay et al., 2007; Kunz et al.,
2007b; Arnett et al., 2008, 2009; Horn et al., 2008;
Rydell et al., 2010a).
Numerous hypotheses have been proposed to
explain why bats are susceptible to being killed
by operating wind turbines such as: 1) random collisions with moving turbine blades, 2) collisions
due to coincidental reasons, such as reduced ability
of bats to locate turbines, 3) attraction of bats to
wind turbines by emitted sounds, by moving blades
or by insects (reviewed by Cryan and Barclay,
2009). Βats are killed through direct collision and/
or barotrauma, i.e. internal injuries to the thoracic
and abdominal cavities associated with the exposure to rapid air pressure changes near the trailing
edges and tips of moving blades (Baerwald et
al., 2008; Cryan and Barclay, 2009; Grodsky et al.,
2011).
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Do green roofs provide habitat for bats in urban areas?
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Green roofs, (roofs that are deliberately vegetated), are a technology that seeks to lessen the impacts of urbanisation on people and
wildlife. This study investigates their value for UK bat species within the context of the built environment. Green roofs were
categorised as ‘sedum’ or ‘biodiverse’ according to their dominant vegetation type. Bat activity was monitored over 13 biodiverse,
nine sedum and 17 conventional un-vegetated roofs located within the Greater London area for seven nights using Anabat SD1
detectors. Influence of roof type and environmental variables on bat activity were evaluated using generalised linear models.
Pipistrellus pipistrellus were most frequently recorded followed by Pipistrellus pygmaeus, Nyctalus/Eptesicus and Pipistrellus
nathusii. The mean number of call sequences per night was 5.2. Feeding events accounted for 16% (217) of call sequences. Bat
activity was significantly higher over biodiverse roofs compared to conventional roofs. A greater extent of suitable habitat within
the surrounding area had a positive influence on bat activity but numbers of call sequences and feeding events were significantly
higher over biodiverse roofs compared to conventional roofs when suitable habitat within a 100 metre radius of the roof was below
33% cover. Other factors affecting bat activity included roof height (negative influence with increased height) and the month of
survey. No significant differences were found between sedum and conventional roofs. The findings suggest that biodiverse roofs
offer enhanced habitat for bats within the context of urbanised environments. Further studies are needed to predict more accurately
their value as a bat conservation measure.
Key words: green roofs, bat activity, Anabat, generalised linear modelling, urban environments

INTRODUCTION
As the world population continues to increase,
with more than 50 percent of people now residing
within cities, remaining natural and semi-natural
habitats within urban areas play an increasingly important role for people and wildlife (Mortberg and
Wallentinus, 2000; Benedict and McMahon, 2002;
Jim, 2004; Town and Country Planning Association,
2004; Bierwagen, 2007; Gill et al., 2007; Tratalos et
al., 2007). Urban development has been shown to be
a direct threat to biodiversity, by causing and continuing to cause habitat destruction and degradation (McNeely and Mainka, 2005). Green roofs are
a technology that seeks to lessen the impacts of
urbanisation on people and wildlife.
A green roof is the roof of a building that has
been deliberately (partially or completely) covered
with vegetation and a growing medium. They can be
broadly categorised into ‘intensive’ and ‘extensive’
type roofs according to their depth of substrate and
management requirements. Intensive roofs are the

equivalent of parks or gardens on roofs with trees
and shrubs included within their design. They
have a deep substrate (200–400 mm) and require
investments in plant care and irrigation. Conversely, extensive roofs have shallower substrates
(20–200 mm, but usually about 35–75 mm) and require less maintenance. In general, they comprise
‘sedum roofs’ that support low growing succulent
plants, or ‘biodiverse roofs’ which are planted with
and/or have become colonised by a variety of wildflowers, herbs, sedums, mosses and grasses.
Green roofs provide ecosystem services such as
a reduction in the urban heat island (Kumar and
Kaushik, 2005; Jim and Hongming, 2010), alleviation of the impact of flash floods following summer
storms (Mentens et al., 2006; Carter and Jackson,
2007; Stovin, 2010), improved thermal and energy
performance of buildings (Okeil, 2010; Teemusk
and Mander, 2010) and improved air quality (Clark
et al., 2008), as well as urban green space that offers
amenity and wildlife value (Clemants et al., 2006;
English Nature, 2006; Dunnett and Kingsbury, 2008;
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Disturbance by tourists of bats in their day roosts represents a potential threat to the conservation of these mammals. We assessed the
effect of experimental tourist visits on behavior of the Malagasy endemic Rousettus madagascariensis (Chiroptera: Pteropodidae)
in the Ankarana National Park, northern Madagascar. We measured bat behavior, including time activity budgets, under two levels
of experimental human visit proximity (far and near) and illumination (low and high). These visits caused an increase in bat flights
and an increase in alertness in a frequently-visited colony with faint ambient daylight. The greatest response occurred for human
approaches to 5–6 m that directly illuminated the bats and the least response occurred for approaches to 12–14 m that did not directly
illuminate the bats. In an infrequently-visited colony with no ambient daylight, visits that remained 12–14 m away and did not
illuminate the bats directly caused an increase in alert behavior and a decrease in bat grooming behavior. The difference in response
between the colonies suggests that R. madagascariensis may demonstrate an attenuated response to some frequent human visits.
Alternatively, colonies roosting with some ambient light may be less sensitive to disturbance from visits, and colonies with previous
experience primarily with hunting visits may be more responsive to disturbance. Maintaining a minimum visit distance of 12 m
and not illuminating the bats directly, as well as not opening other roost sites to tourism, is likely to help to limit disturbance of
R. madagascariensis by tourists at Ankarana.
Key words: Ankarana, behavior, cave, Chiroptera, disturbance, Madagascar, roost, Rousettus, tourism

INTRODUCTION
Nature tourism in biodiversity hotspots represents an economic activity that can promote biodiversity conservation. When properly managed,
tourists observing bats and other wildlife may provide livelihoods that depend on the conservation of
protected resources and provide financial resources
for sustainable development in local communities
(Pennisi et al., 2004; Cousins and Compton, 2005).
Tourism, however, may also increase resource use in
an area, facilitate access to protected areas for resource exploitation, introduce species and diseases,
alter behavior of wildlife, and ultimately threaten
wildlife populations (Weaver, 2008). Cave tourism
is expanding to new caves in several regions (Niu et

al., 2007; Palmeirim et al., 2007; Papadatou et al.,
2009; Zhang et al., 2009) and cave tourism can represent a threat to wildlife, including bats (Buckley,
2004).
Human visits to caves can disturb bat populations, potentially causing physiological or behavioral responses leading to changes in roost use, in
survival, and in reproduction. Studies of maternity
or hibernating colonies of temperate, insectivorous
bats have provided information on these effects
(Mohr, 1972; McCracken, 1989; Thomas, 1995;
Johnson et al., 1998; Mann et al., 2002). Flight activity, vocalization intensity, or energy expenditure
increased after non-tactile human disturbance
(direct and indirect artificial illumination, voices)
of bats in the laboratory (Speakman et al., 1991) and
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The habitats in areas like the Northern Great Plains of North America present challenges to bat researchers in the field. Due to limited
vegetative cover, mist-netting efforts often must be concentrated over ponds, streams or rivers. This can present problems to
researchers, such as deep water, soft mud bottoms or uneven terrain, all of which can make traditional mist netting difficult and
unproductive. While boats can be useful under these circumstances, this leads to additional safety and logistical challenges. The
purpose of this study was to address these problems by developing a novel tool that permits sampling with mist nets over water
without the need to directly enter the water. We developed a basic conceptual design for a mechanical gate-like support system that:
1) supports a traditional mist net system, and 2) swings out over a body of water. Initial results indicate that the over-water mist net
support system is an effective, versatile research tool that allows researchers to sample for bats under challenging field conditions
in which placement of traditional mist net systems would be dangerous or not feasible.
Key words: bats, mist nets, survey design, water

INTRODUCTION
The habitat of North Dakota ranges from rugged
badlands in the West to the drift prairie and wetlands
of the Prairie Pothole Region (PPR) in the East. The
PPR is a prime example of an area that proves challenging to bat researchers in the field. Sparse tree
cover and extensive open areas complicate strategic
equipment setup and hinder effective capture of
bats. As a result, mist netting efforts are often concentrated over water, particularly small streams or
ponds, to be successful. In general, mist netting requires ground that is firm enough to properly support net poles (Kunz et al., 2008). However, the
bank conditions, water depth and excessively soft
substrate of many of the ponds and streams in the
PPR and other areas can further hamper attempts to
capture bats. Boats can be used under conditions in
which high water depths are an issue (Kunz et al.,
2008), with researchers extracting bats from nets as
they sit or stand in the boat. Yet, boats are not always
available to researchers, can be unwieldy for transport in the field, and are potentially unsafe for the
researcher or the bats if not used properly.
To overcome such obstacles, a change in sampling
techniques or equipment is required. The objective

of this work was to construct a mechanical apparatus capable of permitting mist net surveying over
otherwise inaccessible water sources. For this to be
possible, the device needed to meet the following
functions: 1) be capable of extending a mist net
across deep water, 2) be operable from one anchor
point of the mist net, 3) permit easy retrieval of bats
from all mist net shelves across the span of the entire net, and 4) be a reasonable size and weight when
dismantled for easy transport in the field. Our initial
design consisted of a mist net support arm attached
at a single anchor point. This device swiveled at the
anchor point, which allowed a mist net to be set up
on the support arm and then swung out over the
water. When bats were captured, the arm would be
swung back to be within reach of researchers.
DESIGN AND CONSTRUCTION
After field testing a prototype, a full model was
constructed of metal (Table 1) that included a rigid
mist net support arm with an adjustable support
cable, a stable anchor support, 2.6 or 6 meter mist
net capability, and a hinged gate-like mechanism for
the swing operation of the support arm (Fig. 1). The
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Dextrocardia in short-nosed fruit bats (Cynopterus sphinx) and
their relative heart masses
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Autopsies carried out on 26 short-nosed fruit bats (Cynopterus sphinx, Pteropodidae, Chiroptera) from Guangdong Province, South
China, revealed that the hearts of three individuals were found lying in the right hemithoracic cavity with their base-to-apex axes
directed to the right. This is the reverse of what is normally seen in mammals and is similar to the rare congential heart defect
known as dextrocardia which has been described in humans. A comparison of the two orientated hearts found that there was no
significant difference in heart mass (MH) or relative heart mass (RHM). We observed that the short-nosed fruit bat has higher RHM
compared to non-flying mammals but lower RHM when compared to insectivorous bats, and similar RHM when compared to those
of other fruit bats.
Key words: Cynopterus sphinx, dextrocardia, short-nosed fruit bat, heart mass, relative heart mass

INTRODUCTION

MATERIALS AND METHODS

The mammalian heart is an asymmetric structure, which receives its polarit y from the three body
axes; the anterior-posterior axis (A-P), the dorsalventral axis (D-V), and the left-right axis (L-R)
(Brand, 2003). The vast majority of mammalian
hearts, including those of bats, are located in
the left hemithorax along the A-P axis (Rowlatt,
1967; Tagoe et al., 1995; Pauziene et al., 2000;
Mauricio et al., 2005). However, in rare cases,
the position of the human heart has been
found lying in the right hemithorax with its baseto-apex axis directed to the right. This cardiac
positional anomaly is known as dextrocardia
(Mahendrakar and Seth, 2004) which is a congenital heart disease with a low incidence rate of
around one in 12,000 pregnant women (Bohun et
al., 2007). To the best of our knowledge, although
dextrocardia has been described in domestic
animals such as dog (Carrig et al., 1974) and cat
(Abduch et al., 2003), it has not been found in
any wild mammal population. In this paper, we
report the first case of dextrocardia in bats (order
Chiroptera).

Twenty-six adult female short-nosed fruit bats (Cynopterus
sphinx) were captured from the same colony in Guangdong
Province, South China (113.14°E, 23.10°N) as part of the investigation into the SARS outbreak in China. Cynopterus sphinx
is not a protected species in China and is widely distributed
in Guangdong Province. The handling of all bats conformed
to guidelines for animal care and approved by the Ethical
Committee, State Key Laboratory of Reproductive Biology,
Institute of Zoology, Chinese Academy of Sciences. Before any
bats were euthanized their body mass (Mb) was measured. The
hearts were extracted through a standard thoracotomy procedure
after which the venous and connective tissues were removed.
Each heart was squeezed empty of blood, weighed on electronic scales (SB-S702, Shanghai; accurate to 0.01 g) and then
measured immediately. The transverse and vertical diameters of
the hearts (DT, DV) were measured using vernier calipers.
Comparisons between right and left orientated bat hearts were
carried out using Mann-Whitney (M-W) U-tests. A comparison
of heart mass (MH) and relative heart mass (RHM, MH/Mb, in
%) was also carried out between the two different types of heart
(Mann-Whitney U-test).

RESULTS
Out of the 26 short-nosed fruit bats studied, three
individuals were found to have their hearts situated in the right hemithoracic cavity when their

