
INTRODUCTION
Known from Asia and Australasia, the

genus Murina is a taxon of forest dependent
bats, whose highest diversity is found in the
tropical forests of the Indomalayan Region.
Relatively rare in systematic collections and
seldom abundant in the field, there is dis-
agreement over the taxonomic status of cer-
tain closely related species [for different
views see Yoshiyuki (1989) versus Abe
(2000), and Wallin (1969) versus Corbet
and Hill (1992)]. Recently, a new species
was named by Maeda and Matsumura
(1998) and probable new taxa are waiting
description (Francis et al., 1999).

The genus has a rather uniform appear-
ance. Externally, differences are primarily
those of size, colour and ear morphology. In
addition, a feature once thought to be diag-
nostic of the genus was the insertion point
of the wing, which according to Corbet and

Hill (1992), Koopman (1994) and others is
attached close to the claw of the first toe.
However, in M. hilgendorfi (including the
forms intermedia, ognevi and sibirica —
see Simmons, In press) the plagiopatagium
is attached to the base of the first toe (Pe-
ters, 1880; Ognev, 1928; Yoshiyuki, 1989).
Cranially, there are differences in the ros-
trum and braincase morphology, in the size
and position of the incisors, the size of the
canines and premolars and the cusp pattern
of the molars.

The genus has been divided into two
species groups based on dental features
(Corbet and Hill, 1992; Koopman, 1994). In
the ‘suilla-group’, the first upper incisor (I2)
is situated anterior to the second (I3) and the
crown area of the first upper premolar (P2)
is half or less that of the second (P4). Spe-
cies in the ‘cyclotis-group’ have I3 situat-
ed adjacent to I2, such that I2 is essentially
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A new species of Murina, which belongs to the ‘cyclotis-group’, is described from Cambodia. It is characterised
by the attachment point of the plagiopatagium, its large skull size, the distinctive shape of the rostrum, and the
relative sizes of the upper incisors. To date, it is only known from Kirirom National Park, where it was collected
in disturbed semi-evergreen gallery forest, which had many immature trees.
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INTRODUCTION

Mystery and controversy have been as-
sociated with three specimens of Myotis all
of which have been classified as Myotis
megalopus (Dobson, 1875). The first two
were the holotype and a second specimen of
Vespertilio megalopus; both are adult males
which Dobson (1875) believed came from
‘Gaboon’ (now Gabon) in west central
Africa. The second specimen was not nom-
inated as anything by Dobson (1875), but
later it was referred to as a paratype by
Aellen and Brosset (1968) and is therefore 
a paralectotype. As their specific epithet in-
dicates, the hindfeet of these bats are rela-
tively long and, in this character and others,
these bats resemble another long-footed
species, known to be from Kashmir, which

Dobson had described in 1872 as Vespertilio
macropus. A year later, because this name
was preoccupied by Vespertilio macropus
Gould, 1854 from Australia, he replaced it
by a new name — Vespertilio longipes Dob-
son, 1873. Dobson (1878), in his Catalogue
of Chiroptera in the British Museum, con-
tinued to recognise both V. longipes and V.
megalopus as distinct species and drew at-
tention to differences which he perceived
between them by placing V. longipes along-
side V. capaccinii Bonaparte, 1837, and by
placing V. megalopus alongside V. dauben-
tonii Kuhl, 1817. The mystery and contro-
versy about V. megalopus seems to have
started when Blanford (1888, 1891) ques-
tioned the provenance of the two speci-
mens. Both had been part of a collection,
purchased by the British Museum (Natural
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A specimen of Myotis, collected by Jean-Paul Adam and later identified as Myotis megalopus, was compared
with the holotype of megalopus and also with Myotis longipes from India and Afghanistan (which currently
includes megalopus as a synonym). It was also compared with M. bocagii (which is sympatric and similar in
size), M. daubentonii from Europe (which several authors reported as being very similar), and M. scotti (another
sub-Saharan African species of similar size). Based on cranial and external morphology and morphometric data,
Adam’s specimen was found to be a new species. It differs in having the combination of a very weakly concave
forehead region of the skull, relatively long feet, wing membranes attached to the bases of the tibiae, and no
backwardly-curved hairs on the margin of the interfemoral membrane. It was collected in a limestone cave at
Loudima in the Republic of Congo, in degraded rainforest near a river.
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INTRODUCTION

Daubenton’s bat, Myotis daubentonii
(Kuhl, 1817), has always been regarded as
one of the most common Palearctic bat
species, being widespread throughout most
of Europe (including UK and Ireland)
northwards to about 60 latitude and east-
wards through the south of Siberia, Trans-
baikalia, northern Mongolia, north-eastern
China and Korea, to the continental Far
East, Kamchatka peninsula and the islands:
Sakhalin, the Kuriles (Russia) and Hokka-
ido (Japan — e.g., Kuzyakin, 1950; Eller-
man and Morrison-Scott, 1966; Krivosheev,

1984; Yoshiyuki, 1989). Up to 12 valid
names were formerly accepted as synonyms
of M. daubentonii (Bogdanowicz, 1994; Pa-
vlinov et al., 1995). Some of them were rec-
ognised as subspecies, though the views on
their number and status have significantly
evolved. While Ellerman and Morrison-
Scott (1966) distinguished five subspecies,
namely the nominate (northwestern Eu-
rope), M. d. volgensis (Eversmann, 1840)
(Eastern Europe to central Siberia), M. d.
ussuriensis Ognev, 1927 (Eastern Siberia
from Baikal to the Far East, northeastern
China to Japan and the Kuriles), M. d. lou-
kashkini Shamel, 1942 (Manchuria) and 
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A combined approach based on the complex use of molecular, morphological and ecological data has shown
that the ‘eastern’ group of forms of transpalearctic Daubenton’s bat, Myotis daubentonii (Kuhl, 1817), deserves
a status of distinct species, and conforms to M. petax, described by Hollister in 1912 from the Republic of Altai
in the south of Western Siberia. In our genetic analysis we used SINEs (short interspersed elements) of nuclear
DNA as genetic markers, and by means of Inter-SINE-PCR, have clearly demonstrated a species distinctiveness
of M. petax. Our further analysis has also shown, that they considerably differ from M. daubentonii s.str. in skull
proportions, dental features, as well as in bacular shape and size. Both species also differ in their ecology and
general appearance, especially coloration.
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INTRODUCTION

It has been argued that continuous-state
characters should be excluded from cladis-
tic analysis mainly due to two reasons: (1)
these data are inappropriate (not phyloge-
netically informative), and (2) the methods
for their conversion into codes are arbitrary.
Pimentel and Riggins (1987) stated that
only character states derived from charac-
ters showing discrete variation can provide
phylogenetic information, whereas continu-
ous characters are transformational homolo-
gies not subject to test and, therefore invalid

for phylogenetic analysis. On the other
hand, more recently Rae (1998: 221) con-
cluded that “metric data [...] fulfill the sole
criterion for inclusion in phylogenetic
analysis, the presence of homologous char-
acter states, and thus cannot be excluded as
a class of data.” This position is also sup-
ported by Thiele (1993), who noted that
data scored for cladistic analyses may be
quantitative or qualitative, continuous or
discrete, and show overlapping or non-over-
lapping values between taxa.

Traditionally, morphometric research has
relied on statistical analyses of distances, 
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Traditionally, morphometric data have consisted of distances, angles, or ratios, and have been considered
inappropriate for cladistic analyses. Recently, geometric morphometrics, based on homologous landmark point-
coordinates, has provided a number of advantages over traditional morphometric data and methods, including
the possibility that phylogenetically informative characters and character-states may be extracted and used in
cladistic analyses. Using two data sets of 3-dimensional point coordinates collected from skulls of bats, we
empirically evaluate this possibility. Partial warps were extracted from the point-coordinate matrix, and these
were then re-coded by gap-coding, for use in the cladistic analyses. In the case of samples from Eidolon helvum
populations (two mainland localities and four islands in the Gulf of Guinea), analyzing males and females
separately, our analyses based on these data were unable to detect consistent phylogeographic patterns among
the populations. In the case of samples from plecotine bat species, these analyses produced a consensus
cladogram showing considerable concordance with an earlier cladistic analysis by us of this group. In both
cases, our results reflect those of earlier studies (based on both morphologic and genetic data), suggesting that
the data and analytic techniques described herein may have interesting utility in cladistic analyses.
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INTRODUCTION

Eonycteris spelaea is a colonial, nec-
tarivorous (Marshall, 1985; Heideman and
Utzurrum, 2003), cavernicolous, medium-
sized (45–75 g) pteropodid species. Col-
onies vary in size from a few dozen individ-
uals roosting in small limestone shelters to
thousands inhabiting large caves. In the
family Pteropodidae most species of the
genus Pteropus are monoestrous, but other
species such as E. spelaea are believed to
reproduce more than once a year. Beck and
Lim (1973) found males with enlarged
testes year around and more than 50% of 
females, at any one time, were gravid, 
lactating or simultaneously in early preg-
nancy and lactating. The present study 
describes the anatomy and cyclicity of the

reproductive tract of this species from spec-
imens provided by Beck and Lim (1973).

MATERIALS AND METHODS

Live bats were obtained by Beck and Lim (1973)
at bi-monthly (January–July) or monthly (August–
November) intervals from Batu Caves, near Kuala
Lumpur, West Malaysia, and samples (30 YY, 28
XX) were provided for this study. These bats were
euthanized and then preserved in 10% neutral forma-
lin. The primary and secondary sex organs and para-
anal glands were subsequently removed, measured
(greatest length) to the nearest 0.1 mm and weighed
(nearest 0.10 mg). Data on seasonal variation in organ
size were calculated and mean monthly values and
standard error of the mean for individual organs
recorded. Graphics were produced utilizing ChartXL
(Harvard Graphics) Version 3.02 (SPC Software
Publishing Corp., 2004). Organs intended for micro-
scopic study were washed free of fixative in tap 
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Reproductive anatomy and cyclicity of the bat Eonycteris spelaea
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Previous field studies suggested that Eonycteris spelaea reproduces at all times of the year, with peak periods
that may be associated with the rainy seasons. This study reports the anatomical and histological features that
are associated with this pattern, using specimens obtained from this study. Our data confirm that this species 
is indeed aseasonal and polyestrous, and that females are monotocous and appear to undergo two pregnancies
a year. The gross morphology of the male and female reproductive tracts is described. Adult males were found
to have spermatogenic testes and secretory accessory sex glands year around. Adult females also were
reproductively active year around. Individuals were pregnant, lactating or pregnant and lactating at each
sampling. Both sexes possess specialized para-anal sebaceous glandular organs whose odoriferous secretions
may have a role as secondary pheromones in the reproductive behavior of Eonycteris. 
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INTRODUCTION

Bats are the only mammals that have de-
veloped active flight. In this group, this en-
ergetically expensive form of locomotion is
associated with several morphophysiolog-
ical factors. These include: well developed
flight muscles (Mathieu-Costello et al.,
1992), large heart and lung size (Jurgens 
et al., 1981; Maina and King, 1984; Mai-
na, 2000b), high heart rate and wing beat
frequencies (Thomas, 1987), high cardiac 
output, high oxygen diffusing capacities
(Maina, 2000a, 2000b), large capillary 
surface areas (Mathieu-Costello et al.,

1992), optimization of the blood gas barri-
er (Maina, 2000a, 2000b) and physical 
optimization of the airway (Canals et al.,
2004).

All these adaptations constitute a very
efficient machinery for acquisition and de-
livery of oxygen to different tissues, associ-
ated with high maximum metabolic rates
(Maina, 2000b). However, oxygen con-
sumption is also related to several other fac-
tors such as phylogeny, life history, wing
morphology, diet, thermal biology and body
size (see Cruz-Neto et al., 2001; Cruz-Neto
and Jones, 2003; Rezende et al., 2004).
From such studies it may be expected 
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We estimated the heart and lung size of several species of small bats (Tadarida brasiliensis, Mormopterus
kalinowski, Myotis chiloensis, Histiotus macrotus, H. montanus, Lasiurus borealis and L. cinereus) and
compared these values to those of bats of larger size and other mammals. Our results confirmed that bats have
the largest relative heart and lung size of all mammals. This is associated with the high energetic costs of flight.
As expected, the mass-specific lung and heart sizes of small bats were larger than those of large bats. However,
although relative heart mass decreased according to body mass, Mb

-0.21, lung volume was nearly isometric with
body mass (exponent = 0.90). This exponent was close to unity, and between exponents reported previously
(0.77 and 1.06). This suggests that small bats compensate the energetic cost of flight mainly by changes in
cardiovascular morphology. The relative heart mass of both H. macrotus and H. montanus was particularly
large, representing 1.71 and 2.18% of total body mass, respectively. These values correspond to 121.3 and
162.7%, respectively, of the expected values from allometric relationships. In these big-eared bats, the large
hearts could be attributed to the energetic costs induced by the ears’ drag. 

Key words: heart, lung, allometric relationships, Histiotus, Chile



INTRODUCTION

Since 1968 the tracking radar ‘Super-
fledermaus’ has been used by the Swiss
Ornithological Institute to observe bird mi-
gration (Bruderer, 1969, 1971, 2003). The
aim of the studies was on the one hand to
estimate the volume of nocturnal bird mi-
gration and its variation with environmental
conditions, on the other hand to study the
flight behaviour and orientation of birds in
relation to topographical and meteorologi-
cal features. In both fields of research there
was increasing interest in the identifica-
tion of different bird types and of non-bird

targets. Although in the regions considered
(for a list of locations see Bruderer, 1999)
bats — in contrast to insects — represent
less than 1% of the observed targets, we
tried to get an idea of the features of bat tar-
gets during the early times of our radar stud-
ies. Due to a study on bats appearing to eat
migratory birds (Ibáñez et al., 2001) collab-
oration between the Swiss Ornithological
Institute and the Biological Station of
Doñana was established to facilitate radar
observations on these bats. In this context it
turned out that up to now no radar data on
flight speeds and wing-beat frequencies of
European bats are available.
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This paper presents for the first time radar recorded flight paths and wing-beat pattern of two identified
Palaearctic bat species. Simultaneous film recordings confirm the wing-beat pattern reflected by echo
signatures. Our results suggest that discrimination of bats and nocturnally migrating birds is usually possible
because the recorded bats differed from the regular flapping and pausing phases in passerines’ bounding flight
as well as from the regular continuous wing-beats of other nocturnal migrants (e.g., waders and waterfowl) by
very short and irregularly distributed glides (flap-gliding). Small, medium and large bats may be differentiated
according to wing-beat frequency. For the discrimination of the similarly sized Nyctalus noctula and Eptesicus
serotinus (both with mean frequencies of 7–7.5 Hz and variation mainly between 6 and 8 Hz) ecological or
behavioural features must be included. The lowest rates of flapping (even below 5 flaps per second) occurred
because some flaps were prolonged by very short glides. Measured flight speeds (13.5 and 13.2 m/s,
respectively) were higher than most of the previously recorded or predicted speeds. In comparison to other
methods, radar studies have the potential to be applied to bats in free flight over relatively large distances. A
limitation of the radar method is given by the fact that very low flying targets cannot be tracked because they
merge with ground echoes.

Key words: Nyctalus noctula, Eptesicus serotinus, flight behaviour, wing-beat pattern, speed, radar tracking



INTRODUCTION

Rousettus aegyptiacus is a member of
the only genus within the Megachiroptera to
echolocate. Brief click-like signals are 
produced by the tongue (Möhres and
Kulzer, 1956; von Herbert, 1985; Holland 
et al., 2004). The signals are low in ener-
gy compared to Microchiropteran echoloca-
tion calls (Holland et al., 2004) and it has
often been assumed that this form of
echolocation is rudimentary compared to
that of Microchiropterans (Griffin et al.,
1958). Nevertheless, it has been demon-
strated that R. aegyptiacus performs compa-
rably with Microchiropteran bats in wire
obstacle avoidance tasks (Waters and Voll-
rath, 2003). Other than this, nothing is
known about the echolocation system of 
R. aegyptiacus.

We noted that R. aegyptiacus has highly
mobile pinnae. Several mammalian species
possess highly mobile pinna that can move
independently of head direction. Despite
this common adaptation, very little attention
has been given to the function of pinnae
movements. When not mobile, the pinnae
serve to provide unique spectral cues, the
head related transfer function (HRTF) that
can be used to give information about the
direction of a sound source (Middlebrooks,
1992). Mobile pinnae may aid location of 
a sound source by allowing the animal to
obtain multiple samples of an acoustic ob-
ject (Thurlow and Runge, 1967) and to sep-
arate the spectrum of a sound source from
the HRTF (Young et al., 1996). The func-
tional role of pinna movement has received
only limited experimental attention how-
ever (Populin and Yin, 1998). The only
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Echolocation signals and pinnae movement in the fruitbat
Rousettus aegyptiacus
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The fruit bat Rousettus aegyptiacus has highly mobile pinnae. Little is known about the role that such
movements play in sound localisation however and whether they interact with the process of echolocation in
this species. Here we report the correspondence of echolocation signals in free flight with the downward
wingbeat and forward movement of the pinnae, and demonstrate that the ears have a greater sensitivity to click
stimuli in front of the animal when directed forwards than when back and to the side. The potential significance
of the production of echolocation signals whilst the ears are moving from their least sensitive to their most
sensitive position is discussed.
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INTRODUCTION

Microchiropteran bats are altricial in
their development when born (Kurta and
Kunz, 1987). Because infants are initially
dependent upon their mothers, they need
efficient and distinctive communication
methods to ensure successful reunion be-
tween mother and pup. Data on the vocal-
izations of young bats exist for several fam-
ilies, including Vespertilionidae (e.g., Epte-
sicus fuscus and Myotis lucifugus —
Gould, 1971; Antrozous pallidus — Brown
et al., 1978; Pipistrellus pipistrellus —
Jones et al., 1991; Nycticeius humeralis —
Scherrer and Wilkinson, 1993), Molossidae

(Tadarida brasiliensis — Gelfand and
McCracken, 1986), Noctilionidae (Noctilio
albiventris — Brown et al., 1983), Phyllo-
stomidae (Phyllostomus discolor — Esser
and Schmidt, 1989), Rhinolophidae (Rhino-
lophus ferrumequinum — Konstantinov,
1973; R. ferrumequinum nippon — Matsu-
mura, 1979; R. rouxi — Rübsamen, 1987)
and Hipposideridae (Hipposideros speoris
— Habersetzer and Marimuthu, 1986).

Evidence suggests that most bats recog-
nize and suckle their own infants (Fenton,
1985; de Fanis and Jones, 1995; Jones,
2000). In some bat species, mothers seem 
to take the more active part in recogni-
tion (Thomson et al., 1984; Hughes et al.,

Acta Chiropterologica, 7(1): 91–99, 2005
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

Development of vocalizations in the flat-headed bats, 
Tylonycteris pachypus and T. robustula (Chiroptera: Vespertilionidae)

LIBIAO ZHANG1, 4, GARETH JONES2, STUART PARSONS3, BING LIANG1, and SHUYI ZHANG1, 5, 6

1Institute of Zoology, Chinese Academy of Sciences, 25 Beisihuan Xilu, Haidian, Beijing, 100080 China
2School of Biological Sciences, University of Bristol, Woodland Road, Bristol BS8 1UG, United Kingdom

3School of Biological Sciences, University of Auckland, Private Bag 92019, Auckland, New Zealand
4Graduate School of the Chinese Academy of Sciences, Beijing, 100039 China

5Guangzhou Institute of Biomedicine and Health, Chinese Academy of Sciences, Beijing, 100039 China
6Corresponding author: E-mail: Zhangsy@ioz.ac.cn

The development of vocalizations during post-natal growth in the flat-headed bats, Tylonycteris pachypus and
T. robustula in South China is described. Females of both species gave birth to twins at the end of May, and the
infants flew in the last ten days of June. Vocalizations served as precursors to echolocation calls and as isolation
calls (i-calls) used to attract mothers. As the infants grew, the frequency of i-calls and precursor calls increased.
The duration of i-calls increased little before 6-day old and then decreased. At the same time, the duration of
echolocation precursor calls decreased. The directive calls that the mother or the infant emitted when searching
for each other are also described. Female directive calls are lower in frequency and longer in duration than their
echolocation calls, and the duration of infant directive calls is longer than those of the i-calls and precursor calls.

Key words: directive calls, flat-headed bats, isolation calls, precursor calls, Tylonycteris pachypus, T. robustula, 
vocal development



INTRODUCTION

Little is known about the biology of 
bats in the genus Laephotis Thomas, 1901,
a group endemic to Africa. The lack of in-
formation is largely because they are rare
and seldom captured. The species compris-
ing this genus (L. botswanae Setzer, 1971;
L. namibensis Setzer, 1971, and L. wintoni
Thomas, 1901) are known from only a few
records in Botswana, Kenya, Namibia,
South Africa, Zaire and Zambia and nothing
is known about the roosting, reproductive 

or feeding behaviour of any of these spe-
cies.

Laephotis wintoni is restricted to Tan-
zania and Kenya in eastern Africa and South
Africa (Free State and Western Cape Prov-
inces) with no records for this species be-
tween these two localities (Taylor, 2000;
Stanley and Kock, 2004). The records in 
the Western Cape are based on two speci-
mens collected by Rautenbach and Nel
(1978) at Algeria Forestry Station (AFS) in
the Cederberg. They concluded that these 
specimens were phenetically more closely
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Foraging and roosting ecology of a rare insectivorous bat species,
Laephotis wintoni (Thomas, 1901), Vespertilionidae
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Laephotis wintoni is a rare bat and little is known about its biology. We studied this species at Algeria Forestry
Station in the Western Cape Province, South Africa. A female caught in November 2002 was pregnant and three
females caught in November 2004 were all lactating. The three lactating females were radio tagged and roosted
in crevices or narrow fissures in a cliff face above the valley where they foraged. Laephotis wintoni is a small
insectivorous bat (body mass, 0 ± SD = 9.6 ± 0.5 g, n = 4) with low wing loading (7.0 ± 0.7 Nm-2, n = 4), low
aspect ratio (5.7 ± 0.5, n = 4), low wingtip shape index (1.2 ± 0.2, n = 4) and long ears (20.9 ± 2.3 mm, n = 2).
Its morphology suggests that it is a slow manoeuvrable flyer that can fly close to vegetation, or the ground or
over water surfaces. Its relatively pointed wings suggest that it probably does not fly in dense clutter.
Furthermore, it combines this wing shape with echolocation calls of relatively low intensity, short duration (2.6
± 0.8 ms, n = 5), narrow band (13.5 ± 2.9 kHz, n = 5) and surprisingly low peak frequency (22.1 ± 0.6 kHz, n
= 5). The latter two parameters make it unlikely that the calls are used to overcome masking effects associated
with flying in dense clutter. Instead, we propose that its echolocation calls are adapted to be less audible to
tympanate insects. This is supported by the fact its diet is dominated by moths in a habitat where tympanate
moths comprise 90% of the moth population.

Key words: Laephotis wintoni, echolocation, wing morphology, diet, radio telemetry



INTRODUCTION
Insectivorous bats have been suggested

as the primary consumer of nocturnal in-
sects (Kunz and Pierson, 1994). They prey
on a number of major farmland pests such
as corn borers, planthoppers, tobacco bud-
worms, and oriental armyworms (Whitaker,
1993). Thus, large colonies of insectivor-
ous bats may result in the large-scale deple-
tion of pest insects in surrounding farm-
lands. Since biological pest control involves
the use of natural enemies to suppress pest

population densities to levels lower than
they would otherwise be (Van Driesche and
Bellows, 1996), insectivorous bats poten-
tially act as biological pest control agents
(e.g., Lee and McCracken, 2005). Several
genera of bats including Tadarida and Mi-
niopterus form very large colonies up to
several million individuals in caves (Dwyer,
1966; Lekagul and McNeely, 1988; Mc-
Cracken, 1996). In Thailand, a total of ap-
proximately eight million individuals of 
the wrinkle-lipped free-tailed bat, Tadarida
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Diet of wrinkle-lipped free-tailed bat (Tadarida plicata
Buchannan, 1800) in central Thailand: insectivorous bats potentially

act as biological pest control agents

WATCHAREE LEELAPAIBUL1, SARA BUMRUNGSRI2, 3, and ANAK PATTANAWIBOON1
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2Department of Biology, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla, Thailand 
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Insectivorous bats are major predators of nocturnal insects and have the potential to act as biological pest control
agents in farmlands. The objective of the present study was to establish the diet of the guano bat, Tadarida
plicata. The study was carried out at the Khao Chong Pran Cave, which houses 2.6 million bats, and is
surrounded by rice fields. A total of 1,925 faecal pellets were collected from 385 bats during their morning
return from January to December 2002. Faecal analysis indicated that T. plicata fed on at least nine insect
orders: Homoptera (28.4%), Lepidoptera (20.8), Hemiptera (16.4), Coleoptera (14.4), Diptera (7.0),
Hymenoptera (6.6), Odonata (6.0), Orthoptera (0.5) and Psocoptera (0.1). Light traps indicated that Coleoptera
(41.2%), Homoptera (25.3), Hemiptera (18.8) and Diptera (12.7) were the most abundant insects in the study
area. Homopterans, most of which were white-backed planthopper (Sogatella sp., Delphacidae) had the highest
percentage frequency of occurrence in the bats’ diet indicating that T. plicata potentially plays an important role
in controlling this major crop pest. The presence of macropterous planthoppers and a large proportion of moths
in its diet suggests that T. plicata feeds on windborne migrant insects at high altitude. Female bats fed
significantly more on lepidopterans and coleopterans and less on damselflies than males. The diet diversity
index of lactating females was higher than pregnant females. Diet did not differ significantly between the dry
and rainy seasons for either sex.

Key words: biological pest control, diet, Tadarida plicata, planthopper, Thailand



INTRODUCTION

Insectivorous bats have been common-
ly considered opportunistic feeders, taking
advantage of abundant resources depend-
ing on local conditions such as type of habi-
tat, seasonality and presence of competi-
tors (Kunz, 1974; Fenton et al., 1977; Whit-
aker et al., 1996). However, a more useful
classification scheme may be constructed
by considering a range of adaptations. This
scheme suggests a number of prey special-
ists in one hand, a number of generalists on

the other, and a higher number of interme-
diate species in the middle of the two ex-
tremes, being either specialists or oppor-
tunistic depending on local and temporal
conditions (LaVal and LaVal, 1980b). In
any case, the decision to specialize on a nar-
row diet or a more general use of resources
should follow an optimal foraging strategy.
Animals should always seek to maximize
energetic benefits while minimizing costs to
fulfill physiological requirements (Hum-
phrey and Bonaccorso, 1979). Such selec-
tive constraints should be directly involved
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Diet variability of Micronycteris megalotis in pristine and disturbed
habitats of Northwestern Ecuador

DAVID LASSO1 and PABLO JARRÍN-V.2, 3

1Pontificia Universidad Católica del Ecuador, Museo de Zoología, Av. 12 de Octubre y Carrión,
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Feeding strategies in foliage-gleaning bats should be affected by insect availability and the constraints imposed
by the environment. Under strong preferences for particular insect prey, habitat should not have an effect on the
expected similarities in diet among conspecific bat colonies occupying different environments. We compared
the diet of Micronycteris megalotis individuals in two colonies located at different sites in the Andean slopes of
northwestern Ecuador, based on insect remains collected at feeding roosts. Our analysis revealed that
lepidopterans were extremely abundant in the diet of bats that forage in grasslands (52% of all insect remains),
whereas the diet of bats that roost in primary forest consists mostly of coleopterans (85%). Log-linear analyses
suggested that Lepidoptera is an influential group determining differences in feeding habits between both
colonies, and that there are temporal fluctuations in diet independent of the habitats that were sampled. Analyses
of the families within Coleoptera exhibited a similar pattern of dietary variability. Our study is the first to
determine differences not only through time, but also among habitats in the diet of M. megalotis. Although our
analysis lacked the benefit of accurate data on prey availability (insect population density), the evidence
suggests that, within the margin of potential preys, there was a level of diet plasticity related to differences in
habitat.

Key words: Micronycteris, insectivory, habitat, seasonality, opportunism, specialization



INTRODUCTION

Neotropical leaf-nosed bats (Phyllosto-
midae; 55 genera, 158 species — Simmons,
In press) display the highest dietary diversi-
ty among mammals, including insectivory,
carnivory, nectarivory, palinivory, frugi-
vory, folivory, sanguivory, and omnivory
(Gardner, 1977; Findley, 1993; Patterson et
al., 2003). Occurrence of these feeding
habits is roughly concordant with the classi-
fication of Phyllostomidae at the subfamily
level (Wetterer et al., 2000; cf. Baker et al.,

2003). Recently, Giannini and Kalko (2004)
demonstrated that the basic trophic structure
of the entire phyllostomid assemblage in
Barro Colorado Island (BCI), Panama, con-
sists of a dichotomy of plant-eaters from
several subfamilies and animal-eaters from
the possibly paraphyletic Phyllostominae.
Here, we focus on dietary habits of Phyllo-
stominae, which in BCI form a guild (or
‘ensemble’ sensu Fauth et al., 1996) of prin-
cipally animal-eating leaf-nosed bats.

In a classic field study on BCI, phyl-
lostomines were first classified as gleaning
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The guild structure of animalivorous leaf-nosed bats 
of Barro Colorado Island, Panama, revisited

NORBERTO P. GIANNINI1 and ELISABETH K. V. KALKO2, 3
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We examined data sets on dietary composition of a rich (15 species) assemblage of animal-eating Neotropical
leaf-nosed bats (Phyllostomidae: Phyllostominae) that occur syntopically on Barro Colorado Island, Panama.
Our aim was to test previously postulated trophic structure of phyllostomines in the light of alternative
analytical techniques and new data. The trophic structure of this assemblage, according to new results from
Correspondence Analysis, has two main trends of variation: a gradient of increased carnivory (axis 1) and a
gradient involving plant and arthropod consumption (axis 2). This rejects previous hypotheses of this guild in
which the structure was described as a complex of many independent discrete resources. Although all data sets
agree that coleopterans as a group are an important food item for most species, Phyllostominae bats are not
typically durophageous; i.e., they lack cranial and dental adaptations for rapid processing of hard-shelled
arthropods as found in other bat families. Furthermore, insectivory varies inversely with body size, and is
gradually replaced by carnivory in association with increasing mass and limited dental modifications. Together
with CA results, this suggests that carnivory is an extreme of animalivory rather than a qualitatively distinct
feeding habit among Phyllostominae bats. This conclusion fits biomechanical data that indicate that carnivorous
bats are bigger and only modestly modified versions of soft-insect specialists.

Key words: Panama, Phyllostomidae, feeding habits, tropical forest, ecomorphology



INTRODUCTION

Myanmar has a significant role to play
in the conservation of biodiversity in South-
east Asia (Dinerstein and Wikramana-
yake, 1993; MacKinnon, 1997; Rao et al.,
2002). However, as a consequence of polit-
ical isolation and financial restraints many
aspects of field-based studies have been
neglected since the late 1930s and most of
the studies that have been conducted by in-
country scientists have not been published

in international journals. Although it is
thought likely that Myanmar would support
a substantial diversity of bats (Hutson et 
al., 2001), studies concerned with the 
bat fauna have only recently developed be-
yond the scope of the colonial expeditions
at the beginning of the 1900s (Bates et al.,
2000). The Mandalay University bat group
has conducted a series of studies within 
the Mandalay area, whilst ten international 
bat surveys and a number of smaller field
studies have been undertaken since 1999 by
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Results of a recent bat survey in Upper Myanmar including 
new records from the Kachin forests
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Recent studies have shown the importance of Myanmar for the conservation of bat diversity. In March–April,
2003, twenty-five localities in Kachin and Shan States and Mandalay and Sagaing Divisions in Upper Myanmar
were surveyed using mist nets and harp traps. Of the twenty-three bat species collected, thirteen were recorded
from two localities in Kachin State, one of which has already been described as a new species, Kerivoula
kachinensis, and a further two (a Rhinolophus and a Kerivoula) are putative new species. Murina tubinararis,
Murina cyclotis and Rhinolophus shameli were recorded for the first time in Myanmar for over 65 years, while
our records of Rhinolophus stheno and Rhinolophus malayanus are the most northern localities for these species
in Myanmar. Species are discussed individually with external, cranial and dental measurements summarised.
We also present descriptive statistics for echolocation calls recorded from five taxa. This represents the first bat
survey of northern Myanmar forests for nearly 70 years. Kachin is already known to support high biodiversity
and these recent records confirm the importance of its forests for the conservation of Myanmar’s mammal
fauna. 

Key words: Chiroptera, Myanmar, Burma, distribution, harp traps, biodiversity, conservation



The family Thyropteridae contains 
only one genus, Thyroptera Spix, 1823, and
three extant species: T. tricolor Spix, 1823,
T. discifera (Lichtenstein and Peters, 1854),
and T. lavali Pine, 1993. The disk-winged
bats inhabit the Neotropical region, from
Mexico to Southern Brazil (Wilson, 1978;
Koopman, 1993; Pine, 1993), and its main
generic diagnostic character is the presence
of circular suction disks with short stalks on
the soles of the feet and at the base of the
well-developed claw of the thumb, which
are histological and anatomically different
from the Old World sucker-footed bat (My-
zopoda sp.; see Nowak, 1999).

Thyroptera tricolor is widely distributed
through the Neotropical region occurring
from southern Mexico to Bolivia, Trinidad,
and southern Brazil, whereas T. discifera
occurs from Nicaragua southwards to the
Guianas and to at least 10°S in Peru, at
13°10’S and 64°13’W in Bolivia, and Be-
lém, Pará State, and Aripuanã, Mato Grosso
State, Brazil (e.g., Wilson and Findley,

1977; Wilson, 1978; Mok et al., 1982; Tor-
res et al., 1988; Pine, 1993; Anderson,
1997; Herrera-Bernal et al., 1999; Nowak,
1999; Tschapka et al., 2000). Both species
apparently occur in lowland forest areas.
Thyroptera lavali is known from a few lo-
calities, including the type locality, Yavari
Mirim River, Loreto Department (Pine,
1993), and at Camisea, Cuzco Department,
and Alto Madre de Dios River, in Manu
Biosphere Reserve, Peru (Solari et al.,
2004), Orinoco Delta, Venezuela (Linares,
1998), Yasuni National Park, Napo Prov-
ince, Ecuador (Reid et al., 2000), and Alter
do Chão, Pará State, Brazil (Bernard and
Fenton, 2002). 

Thyroptera tricolor and T. discifera may
be distinguished by their size, the number of
cartilaginous projections in the calcar and
their fur color (Wilson and Findley, 1977;
Wilson, 1978). Thyroptera lavali differs
from both T. tricolor and T. discifera main-
ly by its larger size, larger free tail portion,
wrist suction disk oblong, and more or less

Acta Chiropterologica, 7(1): 165–188, 2005
PL ISSN 1508–1109 © Museum and Institute of Zoology PAS

SHORT NOTES

First record of Thyroptera discifera (Chiroptera: Thyropteridae) 
in the Cerrado of Central Brazil
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INTRODUCTION

More than half of the bat species around
the world use plants as roost sites, includ-
ing hollow trees, logs, foliage, branches, 
and under bark (Kunz and Lumsden, 2003).
To date, twenty-one species of bats have
been recorded using leaves modified as
roosts (usually called ‘tents’). Including 
the recent report of Platyrrhinus helleri
using a tent in Eirmocephala megaphylla
(Tello and Velazco, 2003), and accepting
the split of Vampyressa pusilla into two
species — V. pusilla in South American 
and V. thyone in Central America (Lim et
al., 2003), at least 17 species of bats use 
leaf tent roosts in the Neotropics (Kunz 
and Lumsden, 2003). All these species 
belong to the family Phyllostomidae, and
most to the frugivore subfamily Steno-
dermatinae; only Rhinophylla pumilio be-
longs to the piper specialist subfamily Ca-
rolliinae.

The big yellow-eared bat (Vampyressa
nymphaea) ranges from southeastern Nica-
ragua to northeastern Ecuador. It is consid-
ered to be a rare or uncommon species of
poorly known habits in primary and late
secondary forests below 900 m a.s.l. (Reid,
1997; LaVal and Rodríguez-H., 2002). The
species is known in Costa Rica only from
Caribbean lowland forest below 600 m a.s.l.
(LaVal and Rodríguez-H., 2002). Reproduc-
tion is bimodal and involves formation of

harem groups (Brooke, 1987). The genus
Vampyressa recently was subdivided into
the genera Vampyressa and Vampyriscus 
(V. brocki, V. bidens — Porter and Baker,
2004). Following Koopman (1993) and 
Lim et al. (2003), the genus Vampyressa has
four species (V. melissa, V. nymphaea, V.
pusilla and V. thyone), and the last three 
of these are known to use tents. Tent use 
appears to be common within the genus
Vampyressa, at least among the three
species known to use tents: V. pusilla 
used tents in Heliconia sparthocircinatha,
H. richardiana, and Simira aff. eliezeriana
(Zortea and De Brito, 2000); V. thyone was
found in Philodendron sp., P. macrophylla,
Rhodospatha wendlandii, and Pentagonia
donnell-smithii (Timm, 1984; Kunz et al.,
1994; Rodríguez-H. et al., 2001). The only
two roosts known to date for V. nym-
phaea were found in P. donnell-smithii
(Brooke, 1987) and Anthurium sp. (López
and Vaughan 2004), both at La Selva Bio-
logical Station. Following the classifica-
tion proposed by Kunz et al. for leaf tent 
architecture (1994), the tents known for 
the genus show an apical shape (V. thy-
one and V. nymphaea) or a mix between
boat/apical shape (V. thyone; Zortea and 
De Brito, 2000). In the present paper we re-
port the use of a new plant species as tent
roost by V. nymphaea, one with an architec-
ture that differs from those known to date
for the species.

Tent use by Vampyressa nymphaea (Chiroptera: Phyllostomidae) in 
Cecropia insignis (Moraceae)  in Costa Rica

BERNAL RODRÍGUEZ-HERRERA1, 2, and MARCO TSCHAPKA3

1Instituto de Ecología, Universidad Nacional Autónoma de México, AP 70-275, México D.F. 04510, Mexico
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Distributional status of the Indian flying fox Pteropus giganteus in Sri Lanka
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The Indian flying fox Pteropus gigan-
teus (Brünnich, 1782) is common and wide-
spread on the Indian subcontinent, includ-
ing Sri Lanka (Corbet and Hill, 1992). Dur-
ing the day, these giant bats roost in large

and noisy flocks on emerging trees, while
their flying appearance is ‘one of the fea-
tures of the evening sky’ (Phillips, 1980).
Pteropus giganteus is thus more easily seen
than any other wild mammal of Sri Lanka,
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INTRODUCTION

When feeding on fruits, frugivores face
foraging decisions at least on three levels:
choice among fruits of different species,
among individual crops of a single species,
and among fruits borne on the same plant
(Sallabanks, 1993; Wheelwright, 1993).
Specifically, selection based upon fruit size,
or related otherwise to size constraints (e.g.,
seed size), has been repeatedly documented
(Jordano, 1995b). However, we found little
information about the details of this kind of
fruit selection by bats, particularly in the
case of individual fruits within the crop of
an individual parental tree. In this study we
investigated the influence of fruit size of
Calophyllum brasiliense on fruit choice by
large Neotropical bats of the genus Artibeus
Leach, 1821 (family Phyllostomidae, sub-
family Stenodermatinae). Specifically we
evaluated the roles of overall fruit size and
amount of pulp in determining fruit choice
in the wild.

MATERIALS AND METHODS

Our study site was a ‘Restinga’ area (coastal
sandy forest) at the ‘Parque Estadual da Ilha do Car-
doso’ (PEIC), municipality of Cananéia, state of São
Paulo, southeastern Brazil. Calophyllum brasiliense
Camb. (Clusiaceae) is a large-seeded, canopy tree
widely distributed over Neotropical America. Bats
have been reported to be one of its seed dispersers
(e.g., Fischer and Santos, 2001). In PEIC we observed
bats from larger species of the genus Artibeus, proba-
bly A. lituratus (considering the species list given 

by Fazollari-Corrêa [1995]), removing C. brasiliense
fruits.

In order to investigate the influence of parental
tree and seed mass on pulp mass/fruit, we measured
the seed mass and total fruit mass of 79 intact fruits
randomly sampled from the canopy of five individual
C. brasiliense trees. Total fresh fruit mass was record-
ed with a precision balance (± 0.01 g) for each indi-
vidual fruit and divided into seed mass and mass of
other fruit matter; we assumed that the latter to be
equal to pulp mass but also included the fruit’s peri-
carp.

Our analysis was based on the comparison of
morphological variation among bat-handled fruits
sampled beneath fruiting C. brasiliense trees and in-
tact fruits sampled from tree canopies before removal
by frugivores. We assumed fruits to have been han-
dled by bats, only when they presented clear marks 
of bat teeth. All handled fruits were partially eaten,
and fruits with single bite marks were not included.
Thus we could assume that bats selected and ate these
fruits, and that they were not accidentally dropped 
by a bat. We must consider the possibility that some
of the fruits collected beneath trees might have come
from other trees of the same species, but this does 
not invalidate our analyses. Furthermore, we consid-
ered only ripe fruits, which could be recognized 
by their relative softness (when compared to unripe
fruits), because C. brasiliense fruits do not change
their color when they ripen. It is also important to
consider that, sometimes, when visiting particular
plant species, bats may eat fruits inside the canopy of
the parent tree, especially when fruits are above a cer-
tain size or if they are difficult to remove, although
they use to carry fruits away from the parent tree in
many circumstances (Heithaus et al., 1975; Handley
et al., 1991; Bizerril and Raw, 1998).

First, we characterized the morphological pat-
terns of C. brasiliense fruits in order to assess the cor-
relates of pulp mass variation for individual fruits.
The influence of seed mass and parental tree on fleshy
pulp mass was estimated by ANCOVA (Zar, 1999).

Size-based fruit selection of Calophyllum brasiliense (Clusiaceae) by bats of 
the genus Artibeus (Phyllostomidae) in a Restinga area, southeastern Brazil
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INTRODUCTION

Pipistrellus nathusii (Keyserling and
Blasius, 1839) is found from the Iberian
Peninsula and British Isles to Asia Minor
and Transcaucasia (Bogdanowicz, 1999;
Russ et al., 2001). Although considered as 
a rare species in most European countries, 
it is thought that this could be merely the
consequence of inappropriate sampling
methods during bat surveys (Bogdanowicz,
1999). 

To date, records of P. nathusii from the
Iberian Peninsula are scarce: the first reli-
able data on this species in Spain were gath-
ered in the early twentieth century in Med-
iterranean areas (Catalonia and Valencia),
central Spain and along the Cantabrian
coast in the north of the country (Cabrera,
1914; Aguilar-Amat, 1921, 1924; Ibáñez et
al., 1992). As no new data had been pro-
duced for several decades, the species was
considered to be extinct (Gonzalez-Álvarez,
1991) until it was recorded in several new
localities in the north of the peninsula dur-
ing the 1990s (Rodríguez-Muñoz et al.,
1994; Aihartza et al., 1997). Nevertheless,
even during this period no more than seven
individuals were captured (Rodríguez-
Muñoz et al., 1994; Woutersen and Bafaluy,
2001; Aihartza and Garin, 2002) and most
records were of single individuals found in
autumn or winter (Ibáñez et al., 1992;
Aihartza and Garin, 2002; Rodríguez-
Muñoz, 2002). Consequently, some authors
considered P. nathusii to be only an occa-
sional wintering species in the Iberian

Peninsula, mainly occurring along the
northern coastline (Ibáñez, 1998). A recent
review of the status of the species in the
Iberian Peninsula recognised that most ob-
servations of the species could be consid-
ered as doubtful (Rodríguez-Muñoz, 2002)
and, according to Rodríguez-Muñoz et al.
(1994), the species should be considered as
insufficiently known.

In this paper we present the first records
of mating groups of P. nathusii in the Ibe-
rian Peninsula, and provide the first evi-
dence of residency in the region for the spe-
cies. Also, we provide information on biom-
etry and sexual size dimorphism. 

MATERIALS AND METHODS

The study was carried out in the Ebro Delta
(Catalonia, NE Iberian Peninsula; UTM: 0º50’E, 
40º42’N), one of the largest deltas (320 km2) in the
Mediterranean region of the Iberian Peninsula. The
landscape is dominated by rice paddies, a few lines of
trees (Eucalyptus globulus and Washingtonia filifera)
and isolated buildings, in which roost sites for bats are
lacking. The mean (± SE) annual temperature during
2000–2002 was 18.5ºC (± 0.26) with a minimum ab-
solute temperature during this period of 0.2ºC. The
mean humidity during the period 2000–2003 was
high (75.3% ± 2.08; Ebro Delta Natural Park office). 

In 1999, 69 bat boxes were put up by the staff
from the Ebro Delta Natural Park to provide more bat
roosting sites (14.5% in trees, 42.0% in buildings and
to 43.5% on poles). Boxes were fixed to trees with
iron nails (Stebbings and Walsh, 1991) and to houses
and posts with screws. Bat boxes were made from
laminated wood (preserved with natural oil) with
walls 20 mm thick, slit size of 15 mm, a rough sur-
rounding landing area of 100 mm, and effective inter-
nal measurements: 140 mm long, 195 mm wide,  and
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