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A moveable face: deconstructing the Microchiroptera and
a new classification of extant bats
JAMES M. HUTCHEON1 and JOHN A. W. KIRSCH2
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Recent comparative-method and molecular studies have called into question both the classic subordinal division
of bats into Megachiroptera versus Microchiroptera and the infraordinal separation of microchiropterans as
Yinochiroptera and Yangochiroptera: megabats are not necessarily large, nor are microbats uniformly small;
some yinochiropterans may be specially related to megachiropterans whilst others are more nearly affiliated
with yangochiropterans; and quite apart from the conflict with DNA comparisons, the microbat dichotomy
(based on moveable versus fused premaxillae) is neither completely cladistic nor parsimonious. We conclude
that current appellations — including the neologism Yinpterochiroptera — no longer embody the authors’
intended groups or have been so frequently redefined as to be positively misleading. We therefore adopt the new
subordinal names Vespertilioniformes (for the group including Emballonuridae, Nycteridae, and the
‘yangochiropterans’) and Pteropodiformes (for the taxon comprised of Craseonycteridae, Hipposideridae,
Megadermatidae, Rhinolophidae, Rhinopomatidae, and Pteropodidae). These epithets are ultimately based on
the oldest valid generic names for included taxa (respectively Vespertilio Linnaeus, 1758 and Pteropus Brisson,
1762), and are thus impervious to pre-emption or misinterpretation.
Key words: Chiroptera, systematics, classification, premaxilla, Megachiroptera, Microchiroptera

INTRODUCTION
Understanding of bat systematics and
evolution has undergone a radical transformation in the last decade as a result of a series of studies employing molecular techniques to investigate higher-level bat relationships (Hutcheon et al., 1998; Teeling
et al., 2000, 2002, 2003, 2005; Springer et
al., 2001; Hoofer et al., 2003; Hutcheon
and Kirsch, 2004; Eick et al., 2005). While
some conclusions of these papers have
garnered more attention than others (e.g.,
‘microbat paraphyly’), it should be apparent that the overall implications of the

molecular studies go well beyond the replacement of one or two bat families and
touch also on issues which relate to the evolution of both flight and echolocation
(Hutcheon et al., 1998; Teeling et al., 2000).
We begin by discussing the traditional bat
classification and its rationale, then go on to
consider evidence necessitating its renovation, and finally suggest appropriate nomenclature.
The Sizes of Bats
For over a century and a quarter, most
bat biologists have accepted Dobson’s
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The definition of Harpiola (Vespertilionidae: Murininae) and
the description of a new species from Taiwan
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A new species of Harpiola from Taiwan is described based on 11 specimens collected between 1998 and 2004.
Careful examination of these specimens and those of the genus Murina, revealed the valid characters
distinguishing Harpiola from Murina, including the enlarged upper incisors, the well developed first premolars
in both toothrows with their bulk subequal to canines and the second premolars in the corresponding toothrow,
and the strongly bifid lower canine. The new species from Taiwan can be distinguished from Harpiola grisea
in India by having different shape of second upper premolar and different structure of first upper molar.
Key words: Harpiola sp. nov., Taiwan, taxonomy

INTRODUCTION
Within the subfamily Murininae two
genera are accepted generally, namely
Murina and Harpiocephalus (Corbet and
Hill, 1992; Koopman, 1993, 1994; Pavlinov, 2003; Simmons, 2005). The name
Harpiola was introduced by Thomas (1915)
as a separate genus with Murina grisea
Peters, 1872 as its type species. Although
Tate (1941) accepted this opinion and provided a brief diagnosis of the genus (characterized by the attachment point of the
wing and by dental features), Ellerman
and Morrison-Scott (1951) listed this form
as a subgenus of Murina, a taxonomic
arrangement which was followed subsequently.

The description of the genus Harpiola
was based on a single specimen collected
from Northwest India and both the wet
specimen and its extracted skull are in
a very bad condition. As Corbet and Hill
(1992: 151) stated “the features upon which
Thomas based Harpiola do not appear to be
artificial, but to some extent the status of
grisea must remain uncertain until further
material is obtained.” Recently, alongside
the description of the second known specimen of H. grisea from Mizoram, India,
Bhattacharyya (2002) re-evaluated Harpiola and raised once again the taxon to
generic rank.
During a series of bat surveys carried
out between 1998 and 2004 in mountain
areas in Taiwan, 11 Harpiola bats were
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A new species of Scotophilus (Chiroptera: Vespertilionidae)
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We describe a new species of Scotophilus (Vespertilionidae) from western Madagascar. This bat differs from the
other members of this genus known from the island, Africa, and Asia based on its notably diminutive size,
pelage coloration, and tragus shape and length. Scotophilus sp. nov. is known from seven different specimens
taken at three different sites in the central western portion of the island, in zones with anthropogenic savanna
dominated by palms (Bismarckia nobilis) and dry deciduous forest. The holotype was collected in the palm leaf
roof of a thatched dwelling, which is the first evidence of the synanthropic occurrence of a member of this genus
on Madagascar. Four species of Scotophilus are now known to occur on Madagascar of which three are
endemic.
Key words: Scotophilus, Vespertilionidae, new species, western Madagascar

INTRODUCTION
On going biological inventories of Madagascar continue to reveal new information
on the island’s chiropteran fauna, including
species previously unknown to science
(e.g., Goodman and Cardiff, 2004; Goodman et al., 2005a), resolution of taxonomic
issues (e.g., Goodman and Ranivo, 2004;
Yoder et al., 2005), and insight into ecological and biogeographical aspects (Goodman
et al., 2005b). Several families or genera of
bats remain poorly sampled, and new specimen material helps to resolve some of the
remaining taxonomic issues.

The Old World genus Scotophilus comprises 13 species (Goodman et al., 2005a;
Simmons, 2005) found from the Philippines, across portions of Asia, to the Middle
East, La Réunion, Madagascar, and much
of Africa. Species limits in members of this
genus, particularly sub-Saharan animals,
have been difficult to resolve, as certain
forms possesses few clear mensural differences and there is considerable intraspecific
variation in pelage coloration (e.g., Hayman
and Hill, 1971; Robbins et al., 1985). The
genus was previously poorly known on
Madagascar, with only a handful of specimens available of one or two recognized
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A new species of bat of the Hipposideros bicolor group (Chiroptera:
Hipposideridae) from Central Laos, with evidence of convergent
evolution with Sundaic taxa
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A new species of bat in the Hipposideros bicolor group, found in a very restricted area in Central Laos, is
described. The new bat is very similar in general body size and shape to H. rotalis, a species whose distribution
includes the known range of the new species. However the new species differs noticeably in the size of the
noseleaf, rostral chambers, skull structures related to sound emission or reception, frontal skull width, and
echolocation frequency. Both species are superficially very similar to H. orbiculus and H. ridleyi, from the
Malayan peninsula, Borneo, and Sumatra, which had been considered sibling species of H. rotalis, perhaps
implying vicariant speciation involving the Isthmus of Kra. The new species resembles H. orbiculus in
its smaller internarial septum, and the echolocation frequency is also similar, but skull traits clearly ally
H. orbiculus with H. ridleyi, which is sympatric with it in peninsular Malaysia. Molecular systematic analyses
of cytochrome b nucleotide sequences of a sample of species in the H. bicolor group support the sister status
between the new species and H. rotalis. However, H. ridleyi does not join the latter two in a monophyletic
group, apparently having evolved similar morphology and echolocation convergently from a different ancestor.
Key words: convergence, cytochrome b, echolocation, Hipposideros, Indo-Malaya, Laos, sibling species,
speciation

INTRODUCTION
The Palaeotropical genus Hipposideros comprises about 55 described species of
bats. Tate (1941) organized the genus into
11 supraspecific groups that were reduced
to six in Hill’s (1963) taxonomic revision. The Hipposideros bicolor group is the
largest in the genus, and Hill (1963) divided it in two loosely defined subgroups,
corresponding approximately to the H. bicolor and H. galeritus groups of Tate
(1941). Taxonomy of the bats in the genus

Hipposideros, and in the H. bicolor subgroup in particular, has been complicated by
the morphological similarity of many species and the lack of adequate field collections in many regions of the Old World tropics (Bogdanowicz and Owen, 1998). This
has resulted in the recent split of some species and description of new ones after review of old and newly collected material
(Thonglongya and Hill, 1974; Smith and
Hill, 1981; Hill and Yenbutra, 1984; Hill et
al., 1986; Kitchener and Maryanto, 1993;
Robinson et al., 2003). The use of harp
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Phylogeographic structure in Rhinonicteris aurantia (Chiroptera:
Hipposideridae): implications for conservation
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The orange leaf-nosed bat Rhinonicteris aurantia (Hipposideridae) is a rare Australian endemic with
a fragmented distribution, an uncertain taxonomic status of distributional groups and is subject to human
disturbance pressure in several areas. Two mitochondrial DNA markers (ND4 and D-loop) were partially
sequenced to investigate the similarity of allopatric isolates and the phylogeographic structure of colonies.
A clear phylogeographic pattern based on female philopatry emerged from both markers. Limited movement of
females within the Pilbara isolate was also inferred, supported by AMOVA, and in agreement with spatial
models generated previously using GIS. The position of the small number of Kimberley haplotypes available
fitted with the phylogeographic pattern of both markers, but further sampling is required from this population.
Two repeat arrays (with 104 and 6 base pair units) were present in the D-loop, which might be useful as markers
in future studies. The phylogeographic pattern also coincided with differences between the Pilbara and the more
northern group observed previously in the nasal apparatus involved in echolocation, as well as the frequency of
the calls themselves. Formal taxonomic reclassification of isolates was not supported by the ND4 fragment
marker, but the combination of patterns from all available datasets suggested that the current recognition of the
Pilbara population as a separate form for conservation purposes is justified, according to the concept of
‘adaptive evolutionary conservation’. Furthermore, the differences observed in the Pilbara suggested that
colonies in the mines of the eastern Pilbara should be managed as a unit distinct from those in the Hamersley
Range and Barlee Range according to the precautionary principle until further studies have been conducted.
Key words: allopatry, Rhinonicteris aurantia, Evolutionary Significant Unit, network, Pilbara, phylogeography

INTRODUCTION
Fragmentataion of distributions, either
human influenced or naturally occurring because of historical biogeography, is a major
consideration in conservation biology. Genetic substructuring is often observed in
species that have spatially structured distributions. In the case of many terrestrial
vertebrates, geographic features such as
mountains, rivers, peninsulas, ocean gaps
and habitat boundaries coincide with

intraspecific genetic discontinuities (e.g.,
Avise and Nelson, 1989; Joseph et al., 1995;
Schneider and Moritz, 1999; Castella et al.,
2000; Riddle et al., 2000), as well as morphological divergence (e.g., Kitchener and
Suyanto, 1996). Isolation caused by the lack
of suitable habitat in intervening areas can
be enhanced by behavioural traits such as
female philopatry (Worthington Wilmer et
al., 1999). Barriers to gene flow may not always be spatially large, but may have been
effective for long periods (e.g., Castella et
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The diversity of Rhinolophidae in Thailand and Vietnam is briefly discussed and the taxonomy of Asian
Kerivoulinae, with particular reference to the genus Phoniscus, is reviewed. Four new country records are
included: Rhinolophus shameli and Kerivoula kachinensis from Vietnam and Phoniscus jagorii from Vietnam
and Thailand. A second record of Phoniscus atrox from Thailand is also discussed.
Key words: Rhinolophus shameli, Phoniscus jagorii, P. atrox, Kerivoula kachinensis, Thailand, Vietnam,
systematics, distribution, ecology

INTRODUCTION
Of the 73 species of Rhinolophus currently described (Cotterill, 2002; Fahr et al.,
2002; Csorba et al., 2003), 30 are known
from mainland southern and South-East
Asia (Bates et al., 2004). Of these, 17 are
recorded from Thailand, or 18 if R. siamensis is treated as a distinct taxon from R. macrotis (Simmons, 2005). Csorba et al.
(2003) included 13 species of Rhinolophus
from Vietnam. Borissenko and Kruskop
(2003) listed 17, of which one, R. acuminatus, was the first country record. Five others
were based on provisional or doubtful
records and one, R. sinicus, which was

included by Csorba et al. (2003), was omitted. Of the others, Borissenko and Kruskop
(2003) included R. cf. rouxi, on the basis of
specimens from Phong Nha-Ke Bang National Park but the identification was ‘provisional’ and they stated that specimens
may prove to represent another taxon. The
inclusion of R. subbadius was based on
Huynh et al. (1994) and Corbet and Hill
(1992), which in turn was based on Osgood
(1932). However, Borissenko and Kruskop
(2003) and Csorba et al. (2003) suggest that
both records may represent R. pusillus. Two
species, R. yunanensis and R. shameli, are
included on the basis of the unpublished report entitled “Preliminary report on the bats

Acta Chiropterologica, 8(1): 95–102, 2006
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

Distinguishing between cryptic species Myotis ikonnikovi and
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Previously, braincase shape has been the most useful character for species diagnosis of the Myotis mystacinus
group members in Hokkaido, Japan. However, this character is difficult to apply in live individuals. Recently,
the different patterns of venation in the tail membrane were described for species diagnosis of M. ikonnikovi
and M. mystacinus (actually M. brandtii gracilis in Japan). We evaluated this new method in these two cryptic
species in Hokkaido, Japan, based on molecular analysis. Our results revealed complete congruence between
haplotypes of the mtDNA cytochrome b gene and the patterns of tail membrane venation in these two species.
Thus, tail membrane venation pattern should be regarded as an unambiguous diagnostic character to distinguish
M. ikonnikovi and M. b. gracilis under field conditions in Hokkaido. Further, since our field sampling was
extensive, we suggested that only two species in the M. mystacinus group, M. ikonnikovi and M. b. gracilis
occur in Hokkaido, and concluded that the occurrence of other cryptic species in the group in Hokkaido is
unlikely.
Key words: Myotis ikonnikovi, M. brandtii gracilis, cryptic species, venation pattern, mtDNA cytochrome b,
non-lethal method

INTRODUCTION
The genus Myotis (Vespertilionidae) has
a broad distribution throughout the World
and includes approximately 100 species that
comprise four subgenera (Koopman, 1994,
but see Simmons, 2005). The Myotis mystacinus group, within the subgenus Selysius,
contains several sibling or cryptic species,

such as M. mystacinus and M. brandtii,
which are recognised on the basis of morphological similarities.
Nine species of Myotis are said to occur in Japan (Maeda, 2005). The taxonomic
classification of M. mystacinus group members has been the subject of controversy
for several decades in Japan. Yoshiyuki
(1989) recognised three cryptic species in

Acta Chiropterologica, 8(1): 103–128, 2006
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

Bats of Jaú National Park, central Amazônia, Brazil
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Although recognized as highly diverse, the bat fauna of the Amazon basin has been only patchily sampled. This
paper combines data from five short surveys conducted between 1998 and 2001 in Jaú National Park, 220 km
east of Manaus, central Amazônia. We used mist-nets, recordings of echolocation calls and roost visits to
provide the first bat inventory for this area. A total of 53 bat species in 33 genera and five families were
documented, including several species that are regarded as rare, in particular Saccopteryx gymnura,
Vampyriscus brocki, Molossops neglectus, and Promops centralis. The Chao 1 index indicates that sampling is
about 72% complete, suggesting that around 73 bat species might co-exist in Jaú. We compare the composition
of Jaú’s bat fauna to those of other sites in Amazônia and interpret the resulting patterns of diversity. Data on
reproduction are given for 14 species.
Key words: Amazônia, inventory, bats, ecology, conservation

INTRODUCTION
Neotropical bat communities are highly
diverse and provide important ecosystem
services including seed dispersal (e.g.,
Galindo-González, 1998; Gastal and Bizerril, 1999; Lobova et al., 2003) and pollination (e.g., Fleming et al., 1996; Helversen
and Winter, 2003; Tschapka, 2003) for up to
a quarter of all trees in some forest communities as well as predation on a large number
of arthropods (e.g., Findley, 1993; Kalka

and Kalko, 2006). Hence, a better understanding of species composition and diversity patterns of bats is of central interest in
community ecology and conservation.
Central Amazônia has been the focus of
a suite of bat studies (e.g., Handley, 1967;
Reis and Guillaumet, 1983; Reis, 1984;
Uieda and Vasconcellos-Neto, 1985; Reis
and Peracchi, 1987; Gribel and Taddei,
1989; Marinho-Filho and VasconcellosNeto, 1994; Gribel et al., 1999; Bernard,
2001a, 2001b, 2002; Kalko and Handley,

Acta Chiropterologica, 8(1): 129–139, 2006
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS
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sheath-tailed bat Coleura seychellensis
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The Seychelles sheath-tailed bat Coleura seychellensis is a Critically Endangered species endemic to the
Seychelles islands of Mahé and Silhouette, with historical records from Praslin and La Digue islands. Published
descriptions exist for only one active roost containing 32 bats. The present study located the species only in
coastal boulder field caves with stable cool temperatures and access into palm woodland or marsh habitat. At
one roost gaps in the woodland are used for foraging and the natural woodland appears to be important for the
conservation of the species primarily as foraging habitat. A second roost on Silhouette island has been located
near a large, insect rich marsh habitat. Faecal analysis demonstrated that at this site C. seychellensis feeds
predominantly on marsh associated Ceratopogonidae (Diptera), in contrast to Curculionidae (Coleoptera) in
palm woodland. This dietary plasticity indicates that food is not limiting for this species. The decline in this
species may have been caused by habitat alteration caused by invasive plants obstructing roost entrances;
conservation of the species requires active habitat management.
Key words: Emballonuridae, Coleura seychellensis, Silhouette, roost characteristics, conservation, foraging

INTRODUCTION
Classically bats (Order Chiroptera)
comprise two suborders, Megachiroptera
fruit bats and the largely insectivorous
Microchiroptera. The latter group currently
includes at least 834 recognised species (but
see Simmons, 2005), of these 22% are considered to be threatened with extinction
(Hutson et al., 2001). A significant proportion of the microchiropterans are endemic to
islands (14%) and of these 120 species a very high proportion are threatened (54%).
The threatened status of island bats may
be even more precarious than this indicates
as there is a lack of information on many

species; the conservation status of 20% of
island bats remain unclear (Data Deficient)
and even where species have been assigned
to a threatened category the causes of decline are often poorly known. Of the four
Extinct species, three were endemic to islands, and of the 15 Critically Endangered
species four (27%) are island endemics
(Hutson et al., 2001). The Seychelles
sheath-tailed bat Coleura seychellensis is
typical of the insular Critically Endangered
taxon in having a restricted range and very
small known population size.
As with most Critically Endangered insular bat species, the Seychelles sheathtailed bat is very poorly known, having
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Seasonal foraging by Rhinolophus euryale (Rhinolophidae) in
an Atlantic rural landscape in northern Iberian Peninsula
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We investigated the foraging behaviour of the Mediterranean horseshoe bat (Rhinolophus euryale) in an Atlantic
mosaic-like landscape consisting predominantly of meadows and broadleaved tree structures, and containing
the largest known breeding colony in northern Iberian Peninsula. We radio-tracked a total of 46 individuals
during pre-breeding, lactation and post-lactation periods. Bats were divided into different classes based on
season, sex, reproductive condition or age. Significant differences between classes were apparent in the
distances travelled to foraging areas. During pre-breeding foraging occurred on average within 1.3 km, and at
most 4.2 km from the roost. Contrary to our predictions, lactating females extended mean foraging distances to
4.3 km, and covered the widest range with a maximum individual distance from the roost of 9.2 km. Males in
the same period foraged closer (mean 1.9 km), but with lower fidelity to the main roost. The foraging distances
of adult bats during post-lactation did not differ from that of lactating females (mean 4.6 km). Newly volant
juveniles flew on average 2.6 km, though showed a varied behaviour. No seasonal effect was found on the size
of individual foraging home ranges, as great variation was recorded within all groups. We conclude that
the increase in foraging distances is the consequence of higher density as colony size increased by 55% from
pre-breeding into the lactation period on. Our results show another aspect of the scale of foraging movements
of R. euryale and highlight the need to take these into account when formulating conservation policy, especially
during such crucial periods as lactation and juvenile dispersal.
Key words: Rhinolophus euryale, Atlantic rural landscape, seasonality, foraging

INTRODUCTION
The Mediterranean horseshoe bat (Rhinolophus euryale) has suffered an alarming regression throughout all its European
range in recent decades (Brosset et al.,
1988; Stebbings, 1988). Although primarily a Mediterranean species, it also extends
over the Euro-Siberian ecoregion including
Atlantic maritime and continental humid

climates (IbaZez, 1999). It has been in these
latter climatic regions where the species has
suffered the most dramatic declines (Horáèek, 1984; Brosset et al., 1988). In the Iberian Peninsula local extinctions have also
been documented from relatively large areas (De Paz and Alcalde, 2000). Several recent radio-telemetry studies have advanced
our knowledge of both habitat use and spatial ecology in this species (Russo et al.,
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Habitat selection and spatial use was studied in a population of Myotis capaccinii (Bonaparte, 1837) in the
eastern Iberian Peninsula during the spring of 2004. The radio-tracked bats used only aquatic habitats as
foraging sites, and most foraging activity concentrated on rivers. Rivers were positively selected and showed
the highest preference rank. Pools were also positively selected but only a single pool was used through the
tracking period. Foraging was not evenly distributed along rivers. The features of the water surface further
determined habitat selection. Open waters with smooth surfaces were selected over cluttered surfaces or waters
completely covered by vegetation. This microhabitat preference is thought to be due to a greater efficiency in
prey detection and capture over open calm waters. Nonetheless, the extremely high aggregation of foraging
individuals observed suggests that the distribution of prey might also affect the location of foraging sites along
rivers. Thus, conservation management of M. capaccinii should ensure protection of low-flowing or stagnant
waters in rivers around the bats’ main caves.
Key words: Myotis capaccinii, trawling bats, radio-telemetry, habitat selection, spatial ecology, Mediterranean

INTRODUCTION
Several bats species of the genus Myotis
are referred to in the literature as ‘trawling
Myotis’ or Myotis that forage over water
(Siemers et al., 2001; Fenton and Bogdanowicz, 2002). Formerly referred to as subgenus Leuconoë (Findley, 1972), this group
seems to be paraphylletic and its constituents share a series of morphological
convergences (Ruedi and Mayer, 2001;
Fenton and Bogdanowicz, 2002), such as
large hind feet, large wingspan, and pointed
wings (Findley, 1972; Norberg and Rayner, 1987). The species within this group

typically hunt low over water, often gaffing
preys from the water’s surface using their
large feet and uropatagium (Jones and
Rayner, 1988, 1991; Britton et al., 1997;
Fenton and Bogdanowicz, 2002). Typical
preys are water-associated arthropods (Britton et al., 1997; Law and Urquhart, 2000;
Flavin et al., 2001), although some of the
trawling Myotis species also prey on fish
(Robson, 1984; Aihartza et al., 2003; Ma et
al., 2003). Hunting on aquatic habitats
could be advantageous to bats in terms of
foraging economy, as insects usually swarm
over water. The reduced flight cost resulting
from the ground effect (Aldridge, 1988;
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Most previous studies of the use bats make of their foraging areas have been concerned with general habitat
preferences rather than with microhabitats. The present study focuses on microhabitat preference within three
landscape features: linear landscape elements, ponds and rivers. The importance of linear landscape elements to
bats was investigated by placing recording stations next to treelines, and others in adjacent open spaces
approximately 35 m away. Most pipistrelle (Pipistrellus pipistrellus and P. pygmaeus) bat activity was recorded
next to treelines and very little over open spaces. Bats used treelines for both commuting and foraging, but flew
closer to treelines when commuting than when foraging. More insects were caught, and more pipistrelle feeding
attempts were recorded close to treelines than further away. The relationship between the number and type of
landscape elements leading to and surrounding ponds, and the use pipistrelle and Daubenton’s (Myotis
daubentonii) bats make of such ponds, was similarly investigated. Bats preferred to commute to ponds along
woodland edges and streams, and not along hedgerows. More bat activity was recorded over ponds that had little
overhanging and surrounding vegetation in comparison to ponds that had more, and over large wide ponds in
comparison to small narrow ones. The extent to which pipistrelle and Daubenton’s bats’ use of river corridors
extends beyond the water body was also investigated. Bat activity decreased with increasing distance from
rivers, up to a distance of 70 m. River sites which were wooded on both sides attracted more bat activity for
a longer duration than sites which had no trees on either side. Pipistrelles made use of the wider river corridor
whereas Daubenton’s bats restricted their activity almost exclusively to the water body.
Key words: echolocation, landscape, microhabitat, pond, river, treeline, Pipistrellus spp., Myotis daubentonii

INTRODUCTION
The habitat in which bats forage reflects
a combination of their morphological and
echolocation characteristics (Norberg and
Rayner, 1987). Other factors such as reproductive state, weather, predation pressure,
and insect availability may also influence
habitat use. Despite the fact that each bat
species may have specific habitat requirements, some habitats are more valuable to
bats than others. Although several studies
have highlighted the general importance

of water bodies and broad-leaved woodland
and the avoidance of open habitats (De
Jong, 1994; Tangney and Fairley, 1994;
Walsh and Harris, 1996a, 1996b) there have
been few rigorous quantitative investigations of the use bats make of linear landscape elements. Limpens and Kapteyn
(1991) first drew attention to the importance
of such elements and Verboom and Huitema
(1997) subsequently demonstrated that pipistrelle bats (Pipistrellus pipistrellus) flew
preferentially along lines of hedges or trees
and suggested that the use of vegetation
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Flight activity of bats at the entrance of a natural cave
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Activity patterns of bats were investigated at the entrance of a natural karstic cave (Kateøinská cave, Czech
Republic). The activity was recorded automatically with a double infrared light barrier allowing discrimination
between those bats leaving and those entering the cave. Five periods were defined on the basis of bat flight
activity: A) Hibernation period (November–late March), with very low activity; B1) Departure period 1 (late
March–mid April), with intensive departure during the first quarter of the night; B2) Departure period 2 (mid
April–beginning of June), with emergence activity in the first quarter, and a small number of bats entering the
cave in the fourth part of the night. The peak of activity was in the second part of the night. C) Summer period
(mid June–mid July), with low activity. D) Autumn period (late July–late October), with very high activity and
increasing number of bats entering the cave. The peak of activity was around midnight. All periods showed
a non-random temporal distribution and a concentration of flight activity around specific time. There was
a positive correlation between the number of bat passes through the entrance and outside ambient temperature
and a negative correlation between the number of passes and barometric pressure. Rain had no significant effect
on the level of bat activity.
Key words: flight activity, caves, seasonal changes, IR light barrier

INTRODUCTION
The caves in the area of Moravian Karst
belong to the most important hibernacula of
bats in Europe. Although some of them
have been studied for the longest time in
the Czech Republic, the research has mainly been focused on the long-term monitoring of the numbers of bats (Zima et al.,
1994). A few studies on the seasonal dynamics and ecology of bats during the hibernation period have also been produced
(Gaisler, 1970, Bauerová and Zima, 1988b,
Øehák et al., 1994). In 1971, J. Gaisler initiated the research of flight activity in the

non-hibernation period, using mist nets to
capture bats (Gaisler, 1973, 1975). In the
1980s, Bauerová and Zima (1988a, 1988b)
carried out a mist netting study of bats at
two cave entrances. However, their published results are a summary of data from several seasons. In the 1990s, Z. Øehák and
J. Zukal continued the research of flight
activity in different habitats, using mist
nets and ultrasound detectors (Øehák et al.,
1994; Øehák, 1995).
However, using mist nets or harp-traps
involves disturbance of bats. Stress caused
by capturing the bats and manipulating with
them may result in leaving the locality and
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Ultrasound social calls of greater horseshoe bats
(Rhinolophus ferrumequinum) in a hibernaculum
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Ultrasound calls made by adult Rhinolophus ferrumequinum in a hibernaculum in early October were recorded
using a time expansion detector during two 24 hrs periods. In addition to echolocation calls (83–84 kHz),
ultrasound social calls were recorded, similar to those recorded previously in a nursery roost. The recordings
also included social calls not found in the repertoire of the nursery roost colony from late April until early
October. These were multiple component ultrasound social calls with six or seven components and prolonged
trill calls. The trill call frequency varied periodically over a range of 2.9 ± 1.7 kHz about the mean with a period
of 8.0 ± 3.1 ms. The trill calls and very long ultrasound social calls have not been reported previously. The
possibility that the trill calls may be used by male bats as advertisement calls in the cave is discussed.
Key words: Rhinolophus ferrumequinum male bats, trill ultrasound social calls, hibernaculum

INTRODUCTION
Rhinolophid ultrasound social calls
were first described by Möhres (1953,
1966), Long and Schnitzler (1975) and
Matsumura (1979). Ultrasound social calls
made by greater horseshoe bats R. ferrumequinum, in a nursery roost in Wales, provided evidence of extensive social communication in the colony at frequencies below
those used for echolocation (Andrews and
Andrews, 2003). The diversity of calls indicated extensive social activity within a colony of R. ferrumequinum bats similar to that
studied by Rossiter et al. (2000, 2002) who
suggested that social interaction was based
on fidelity to mating sites and kin-biased associations. It was proposed by Andrews and

Andrews (2003) that one or more of the frequency modulated (FM) ultrasound social
calls identified in the nursery roost might
represent male advertisement since mature
male bats occupied the nursery roost (Andrews, 2000) but further investigations were
needed to test this hypothesis. There have
been many reports of social calls made by
bats during the mating season (Sluiter and
van Heerdt, 1966; Barclay and Thomas,
1979; Barclay et al., 1979; Thomas et al.,
1979; Lundberg and Gerell, 1986; Racey et
al., 1987; Gerell-Lundberg and Lundberg,
1994; Barlow and Jones, 1997a, 1997b;
Russo and Jones, 1999; Locke, 2004).
Mature male R. ferrumequinum bats habitually occupy their own mating territories
with mature females from midsummer to
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The sessile serotine: the influence of roost temperature on philopatry
and reproductive phenology of Eptesicus serotinus (Schreber, 1774)
(Mammalia: Chiroptera)
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Maternity colonies of serotine bats inhabiting large roof spaces were studied at three localities in southwestern
Germany and Luxembourg. Bats of all three colonies returned to the maternity roosts during the second or third
week of April, and were strongly philopatric to their main roost. Roost switching occurred only rarely and for
short periods. Measurements of temperature inside two roosts showed gradients according to height and aspect
of the roof space with a mean roost temperature of 22°C during gestation and lactation. The availability of
adequate microclimates within the roost during gestation and lactation was thought to favour roost philopatry.
Females of all ages and reproductive classes inhabit the roosts throughout summer. Mean (± SD) inferred
gestation length was 52 ± 6 days, and variations were not related to roost temperatures during gestation. The
mean date of birth was 16th June with most births occurring within a period of 14 ± 6 days and of young first
emerged from the roost 36 ± 7 days after birth. Prolonged adverse weather conditions, leading to low roost
temperatures, resulted in mortality of 11–27% of preweaning young in four of the five years studied. Since
immigration occurs, the number of young emerging from the roost cannot be deduced from the number of
females present during gestation or lactation. Adult females and young start to disperse after the first young are
weaned at the beginning of August and are last observed in October. The implications of these results for the
epidemiology of European bat lyssavirus 1 are discussed.
Key words: Eptesicus serotinus, roost microclimate, reproductive phenology, philopatry, juvenile mortality,
European Bat Lyssavirus

INTRODUCTION
The serotine bat (Eptesicus serotinus,
Schreber, 1774) has a palaearctic distribution, is locally common (Baagre, 2001) and
is a major vector of the European Bat Lyssavirus (EBLV 1 — McColl et al., 2000). Its
synanthropic life-style pressages the need
for detailed research of its roosting ecology
to evaluate the risk of rabies virus transmission from bat to bat and from bat to man.
At the same time there is a requirement to

conserve the species and its roosts to meet
the obligations of the European Bats Agreement (Racey, 2000), the Fauna-Flora-Habitat-Directive (97/43/EC) and national legislation in Germany and Luxembourg.
One of the main threats to bats, especially to the house-dwelling species, is the
loss of roosts by renovation work, remedial
timber treatment or exclusions. Roof spaces
as well as fissure-type roosts are commonly used by serotines as nursery roosts (Glas,
1981; Horáèek, 1981). In southwestern
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The diurnal behavior of members of a harem group of the big fruit-eating bat, Artibeus lituratus, in Mérida,
Venezuela was investigated while they roosted beneath palm leaves. Behaviors were recorded applying a digital
video camera to characterize diurnal activities, and from these an ethogram was constructed. Scan sampling and
focal sampling were used to analyze the recorded behaviors. Four long behavioral states and seven short
behavioral events were distinguished. During the diurnal period, most bats were inactive and were presumed to
be sleeping, although at least one individual always remained active and alert. The fact that at least one bat was
always alert during the day-roosting period suggests that some level of vigilance may be needed for bats to
successfully occupy exposed roosts. Although the bats were inactive more than 80% of the day-roosting period,
this was an interrupted phenomenon since individuals did not sleep continuously for more than 20 min (on
average) when they were observed sleeping. Differences between the single harem male and an associated
female were significant in terms of the frequency of states and events, and duration of some behavioral states.
The harem male was active (i.e. alert) 13% of time of the diurnal period, whereas the female was active 1% of
the time during this same period. Differences may be related to predation risks or actual and potential incursions
of other males into the roost. The male allocated 4% of his time to grooming, whereas the female allocated 9%
of her time to grooming, which may be related to the female’s reproductive condition.
Key words: Artibeus lituratus, ethogram, behavior, diurnal activity, Venezuela

INTRODUCTION
Bats spend more than a half of their lives
inside their diurnal roost, leaving it only to
feed at night (Bradbury, 1977; Kunz, 1982;
Winchell and Kunz, 1993; Fleming et al.,
1998; Kunz and Lumsden, 2003). During
diurnal periods, bats are known to rest,
groom, digest, interact, mate, and care for
their young (Fleming et al., 1998; Kunz and

Lumsden, 2003). Despite the importance of
the diurnal roosting period, there is limited
information about behavior of bats at roost
sites. Daily activities were characterized at
maternity colonies in the temperate species
Myotis lucifugus (Burnett and August,
1981) and Pipistrellus subflavus (Winchell
and Kunz, 1996), but detailed ethograms are
only available for a few megachiropteran
bat species (Nelson, 1965; Markus, 2002;
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Muntingia calabura — an attractive food plant of Cynopterus sphinx —
deserves planting to lessen orchard damage
NATARAJAN SINGARAVELAN1, 2 and GANAPATHY MARIMUTHU1, 3
1Department

of Animal Behaviour and Physiology, School of Biological Sciences, Madurai Kamaraj
University, Madurai 625 021, India
2Department of Biology, University of Haifa at Oranim, Tivon 36006, Israel
3
Corresponding author: E-mail: gmari@sancharnet.in

Of the 14 species of pteropodid bats that are found in India, Cynopterus sphinx receives most of the blame for
causing damage to commercial fruit crops. We observed the number of visits made by C. sphinx to four species
of commercial fruits in orchards (Mangifera indica, Achras sapota, Psidium guajava and Vitis vinifera), and
four species of wild/non-commercial fruits (Muntingia calabura, Ficus bengalensis, F. religiosa and Bassia
latifolia) in suburban areas. The total number of bat visits to M. calabura was significantly greater than to all
other fruit species. The range of percentages of total nightly bat visits was from as low as 5% (V. vinifera) to
47% (F. religiosa), in comparison to the total nightly visits made to M. calabura. In addition, the number of
mist-netted individuals of C. sphinx per hour near M. calabura was also significantly higher than near other fruit
species. We suggest that if M. calabura is grown in and around orchards, damage caused by C. sphinx to
commercial fruit crops may be decreased and therefore would serve as a non-destructive method for managing
removal of commercial fruits by bats.
Key words: Cynopterus sphinx, orchards, bat damage, non-destructive control, Muntingia calabura

INTRODUCTION
Even though megachiropteran bats in
the Old World tropics feed chiefly upon
fruits, flowers and nectar produced by wild
plant species, they occasionally feed on
commercial fruit crops as well. Therefore,
the public frequently views these generally ecologically beneficial megachiropterans
in a negative light due to the potential for
damage to crops (Fujita and Tuttle, 1991;
Mickleburgh et al., 2002). Large-scale cultivation of commercial fruits frequently
leads to conflicts between fruit growers and
bats in countries like Australia (Loebel and

Sanewski, 1987; Tidemann et al., 1997), Israel (Moran and Keidar, 1993), South Africa (Jacobsen and DuPlessis, 1976), and
Malaysia and Indonesia (Fujita, 1988). The
most serious conflict occurs where the supply of native fruits is reduced through habitat loss, forcing bats to feed on commercial
fruits (Fleming and Robinson, 1987; Tidemann and Nelson, 1987). Fruit bats and
farmers in India are also subjected to such
conflicts. The short-nosed fruit bat, Cynopterus sphinx (Chiroptera: Pteropodidae), is
one of the most common of the 14 megachiropterans on the Indian subcontinent (Bates
and Harrison, 1997). Its dietary breadth is
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We carried out a set of experiments on a megachiropteran bat Cynopterus sphinx to examine its olfactory
discrimination ability to a variety of food odor substances. We used seven undiluted odorants such as isoamyl
acetate, ethyl acetate, hexanol, benzaldehyde, limonene, pinene, and dimethyl disulfide for odor discrimination
experiments. These volatile substances are present at various quantities in the natural food (fruits and nectar) of
C. sphinx. Equal amount (200 µl) of seven odor substances kept individually but simultaneously in seven of
eight specimen tubes which were equipped in a radially and horizontally arranged experimental set-up. In
addition to the odorants, about 5 mm pieces of any one of the fruits such as guava, papaya and sapota were
offered in cups as reward to the bats. The behavior of bats was observed visually and number of bat-visits to the
odorants, and to the scentless control was continuously recorded in an event recorder. The mean number of
approaches made by the bats differed across the odorants and scentless control (χ2 = 34.94, d.f. = 7, P < 0.001).
Bats made relatively more number of visits to the odorants compared to the control, except hexanol and
dimethyl disulfide. Among the odor substances, bat-visits and preference factor showed a gradational pattern
with relatively maximum to ethyl acetate and minimum to dimethyl disulfide. The pattern of bat-visits was
bimodal to benzaldehyde and dimethyl disulfide, whereas it was unimodal to all the remaining five odorants.
Our study suggests that C. sphinx is able to discriminate different odor substances in a complex olfactory
environment.
Key words: Cynopterus sphinx, food odor, odor discrimination, olfactory sense, temporal pattern

INTRODUCTION
Flying foxes are known to use olfactory
sense in a variety of their behavioral repertoire (Suthers, 1970). For example, they use
olfaction in the context of mother-young
recognition (Kulzer, 1958), marking roost
territories (Nelson, 1965), and location of
fruits under natural conditions (Oldfield et
al., 1993). Luft et al. (2003) reported that
the pteropodid bats are able to discriminate

ripe and unripe fruits mainly using olfactory cues. Volatile substances present in flowers and fruits are considered as most important attractants for chiropterophily and chiropterochory, respectively (Gibson, 2001).
Such scents of plants that associate with
bats have been studied in several species
(Kaiser and Tollsten, 1995; Knudsen and
Tollsten, 1995; Bestmann et al., 1997;
Gribel et al., 1999; Varassin et al., 2001).
Apart from pteropodids, phyllostomid bats
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INTRODUCTION
Studies on the feeding ecology of vampire bats (Phyllostomidae: Desmodontinae)
have been limited by the diagnostic techniques available for identifying host taxa.
A precipitin-based test has been the standard method for determining their domestic
host preferences (e.g., Cardoso, 1995). This
postmortem immunological assay provides
a presence or absence indication of a particular host’s blood in a vampire bat’s gut contents (Greenhall, 1970). However, the precipitin test has significant limitations. The
bat must be sacrificed for its stomach sample, a particular difficulty for the rare species Diaemus youngi and Diphylla ecaudata. The precipitin test has low utility for
identifying wild hosts (Greenhall, 1970), as
it requires the harvesting of antibodies, usually in rabbits, using serum collected from
all potential host organisms. For this reason,
antibody techniques are generally considered too costly (time-wise and financially) for investigating a diverse potential prey

range (Symondson, 2002). Indeed, harvesting antibodies of all the potential sympatric
avian host species of a vampire bat would
be unfeasible. Third, cross-reactivity among
related host taxa is expected, and the
precipitin technique is therefore unlikely
to be diagnostic at the level of families or
genera.
An alternative and potentially powerful
approach is to use the host DNA as a marker for host identification. Although previous
studies demonstrate that prey DNA can be
isolated and amplified via PCR from feces
(Hoss et al., 1992; Sutherland, 2000; Jarman et al., 2002, 2004; Jarman and Wilson,
2004; Deagle et al., 2005) and even fossilized feces (e.g., Kuch et al., 2002), vampire bat fecal samples are a uniquely implausible PCR template due to the lack
of robust tissue and very high concentration
of PCR-inhibiting heme compounds. The
resistance of prey tissue to digestion is
a factor determining the extent to which
the targeted fecal DNA is degraded (Jarman
et al., 2004). Past successful PCR-based
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INTRODUCTION
A lack of information about seasonal
distribution and movement patterns of migratory bats is hampering efforts to manage
and conserve migratory bats (Cryan, 2003).
The eastern red bat (Lasiurus borealis) is
a migratory, tree-roosting bat that occurs
throughout eastern North America. Migration of this species into summer roosting areas occurs in March and April with departures believed to occur in October and November (Whitaker and Hamilton, 1998).
Analysis of museum collections indicates
L. borealis become more abundant in southern states from December through March
(Cryan, 2003), although some individuals
winter as far north as Kentucky, Indiana,
and Illinois (Whitaker and Hamilton, 1998).
Wintering areas are not well documented,
but are presumed to be mostly in the southern states due to the increased number of
occurrences there from December to March
(Shump and Shump, 1982). Adults of several species are known to begin migration before juveniles. However, this pattern is not
known for L. borealis. While studying the
nocturnal behavior of L. borealis near the
Indianapolis International Airport in central
Indiana, we incidentally obtained information about the migratory behavior of L. borealis. The purpose of this paper is to report
these observations which will provide information about: 1) the timing of migration of

L. borealis through this area, 2) direction
and speed of migration, and 3) if adults and
juveniles leave the area at different times.
MATERIALS AND METHODS
This research was conducted on properties in
Marion, Hendricks, and Morgan counties, Indiana.
These properties, located 20 km southwest of Indianapolis (39°44’N, 86°17’W), are managed for conservation of the federally endangered Indiana bat (Myotis sodalis) (Sparks et al., 1998, 2005; Whitaker et al.,
2004) by the Indianapolis Airport Authority and BAA
Indianapolis (a private airport management company). The properties extend south and west along US
highway 40 from the airport to Indiana state highway
267 in the west and Indiana state highway 67 in the
south with Interstate highway 70 bisecting the study
area. We captured bats in 50-denier, 9-m mistnets that
were strung near known roosting and foraging areas
and across the East Fork of White Lick Creek. Once
captured, each bat was identified to species, sexed,
aged, weighed, reproductive condition determined,
and each bat received an individually numbered
lipped aluminum wing band. We radio-tagged a subset of 24 XX L. borealis weighing more than 8 g by
shaving a small patch of fur in the mid-scapular area
and attaching a 0.49 g radio transmitter (model LB-2
from Holohil Systems Ltd., Carp, Ontario, Canada) to
the bat using a surgical adhesive (Skin-Bond, Smith
and Nephew, Largo, Florida USA). We released the
bats within 45 min of capture.
We located roosts each day using radio-telemetry
receivers (model TRX2000S, Wildlife Materials Inc.,
Carbondale, Illinois, USA) and 3-element yagi antennas. At dusk, we returned to the roost and waited for
the bat to emerge. Upon emergence we took a series
of multi-azimuth (3–7) triangulations in order to obtain an estimated location of the bat every 2–12 min
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INTRODUCTION
The Ussurian tube-nosed bat Murina ussuriensis, a forest-dwelling insectivore, is
distributed in the Kurile islands, Sakhalin,
Southeastern Siberia (Ussuri) and Korea
and is the northernmost species of the genus
Murina (Koopman, 1994; Simmons, 2005).
In Japan, it ranges from Hokkaido Island in
the north to Yakushima Island in the south.
Although this population is classified as
M. sylvaticus in Yoshiyuki (1989), Koopman (1994), and Simmons (2005), we regard it to be M. ussuriensis, following Maeda (1980, 2005).
Various types of day roosts have been
reported for the species, including tree cavities, under tree bark, among the foliage of
trees and thickets, and beneath the roofs of
houses (Imaizumi, 1949; Endo, 1961; Yukawa, 1966; Kuroda, 1969; Honda, 2002; Yoshiyuki and Karube, 2002). In late spring,
they have also been found in torpor in the
lingering snow of deep-snow area (Hattori,

1966; Ogawa et al., 2002). All of these roost
reports are based on incidental observations, with the exception of the one by Yoshiyuki and Karube (2002).
To investigate the types of roosts used
by this species, how often it changes roosts,
and the distances between roosts, we attached radio transmitters to two adult female Ussurian tube-nosed bats in September 2004 at the Hitsujigaoka Experimental
Forest, Sapporo, Japan. In this paper, we report on the roosts used by these bats and
discuss the implications.
MATERIALS AND METHODS
The Hitsujigaoka Experimental Forest of the
Forestry and Forest Products Research Institute is
a 155-ha research forest located in Sapporo, Hokkaido, Japan. The altitude ranges between 122 m and
262 m, and the topography is a mild slope inclined toward the north. Temperatures occasionally exceed
30°C in summer and fall below -10°C in winter. The
average annual precipitation is about 1,000 mm.
Between December and April the ground is usually
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INTRODUCTION
To date, at least 19 species of bats are
known to either roost in or construct tents
in more than 80 species of vascular plants
(Kunz et al., 1994; Stoner, 2000; reviewed in Kunz and Lumsden, 2003). The shortnosed fruit bat Cynopterus sphinx is one
among the three tent-making bats of the
Old World family Pteropodidae (Goodwin, 1979). Adult males are known to
construct tents by modifying various parts
of at least six plant species (Goodwin,
1979; Balasingh et al., 1995; Bhat and
Kunz, 1995). Once a tent is made, male
typically defends it against other competing males and also defends the females

who join his tent (Balasingh et al., 1995).
Harem males deposit saliva on the interior of the stem tents constructed in the veins
of Vernonia scandens and it has been suggested that the deposited saliva may serve
to repel other conspecific males or may
facilitate females to identify particular male’s tent (Balasingh et al., 1995). Given that, only males were known to take part
in ‘tent-making’ and subsequent defense,
females always seems to depend on males
to acquire safe diurnal roost. Thus, the
mating system associated with C. sphinx
and other tent making/roosting bats is
thought to be a form of resource defense
polygyny (Brooke, 1990; Balasingh et al.,
1995; Kunz and McCracken, 1996; Tan

