
INTRODUCTION

The aspects of cryptic variation in the
Pipistrellus pipistrellus group are among
the hottest topics of current European bat
research. In the early 1990s, the routine ap-
plication of bat detectors proved that echo-
location calls of the European common
pipistrelle fall into two distinct frequency
bands with terminal frequency at 45 kHz
and 55 kHz respectively. Since then the
view of that species, traditionally consid-
ered monotypic in the western Palearctic
realm (Koopman, 1994), changed quite
readily. The extensive study by Jones and
Parijs (1993) indicated that at least in Bri-
tain the two phonic types occur in sympatry

without sharing the same roosts. Differ-
ences in songflight calls and social calls be-
tween the phonic types were demonstrated
by Barlow and Jones (1997), and their sep-
aration in time of mating suggested their re-
productive isolation (Park et al., 1996). Th-
ese findings provided convincing evidence
to support the conclusion that the phonic
types represent separate species, though
they do not differ in morphology (Barlow et
al., 1997). Barrat et al. (1995) showed con-
siderable genetic differences between the
phonic types (in a 308 bp fragment of cy-
tochrome b). Further mitochondrial DNA
analyses undertaken with samples from
western Europe revealed four cytochrome b
haplotypes clustered into two distinct
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History of the Pipistrellus pipistrellus group in Central Europe 
in light of its fossil record
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In contrast to proposed paleobiogeographic scenarios based on molecular data, the fossil record suggests that in
Central Europe the common pipistrelles, quite rich in the Holocene fossil record, first appeared as late as the
present glacial cycle (including the Weichselian interstadials). Bats of this group are completely absent from the
rich pre-Weichselian record available from Central Europe but occur in the early Middle Pleistocene record in
the Mediterranean (Spain, Malta). Thus, it seems that the European range of common pipistrelles was restricted
to the Mediterranean region until their northward spread during the present glacial cycle. The proposed range
expansion (supposedly from multiple sources) is explained by climatic specificities of the present glacial cycle,
namely with repeated extension of the semiarid, warm open-ground habitats that began in the Mediterranean
region by the end of the Eemian. 
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INTRODUCTION

Forty vespertilionid bat species were
listed for Myanmar by Bates et al. (2000).
During subsequent bat surveys by mem-
bers of the University of Yangon and the
Harrison Institute in 12 of the 14 States 
and Divisions of Myanmar, 19 species of

vespertilionid were collected. A further four
species were collected by a team from Man-
dalay University (Bates et al., 2004b; Stru-
ebig et al., 2005). Of these 23 species, six
have not previously been recorded from
Myanmar. Two, Myotis chinensis and My-
otis horsfieldi were included in Bates et al.
(2001). One is a new species, Kerivoula
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Since 1999, the University of Yangon and the Harrison Institute have conducted a series of bat surveys in
Myanmar. During this time, six species of vespertilionid bat have been collected that have not been recorded
previously from the country. Two, Myotis horsfieldi and Myotis chinensis were published in 2001 and one,
Kerivoula kachinensis, which is a new species to science, in 2004. The remaining three, Myotis mystacinus, Ia
io and Pipistrellus pulveratus are included here for the first time. The record of M. mystacinus is the first
authenticated one for South-East Asia. Since small vespertilionid bats are difficult to identify and are generally
poorly understood, the paper includes a brief review of all 24 species of Myotis, Ia, Pipistrellus, Hypsugo, and
Arielulus currently listed for Myanmar. Three of these, Myotis annectans, Pipistrellus pipistrellus and Hypsugo
savii are removed from the faunal list for lack of supporting data or because of previous misidentifications. The
taxon Pipistrellus peguensis is included in the synonymy of Pipistrellus javanicus. The status of Pipistrellus
anthonyi is discussed. Ninety-five species of bat, including forty-three species of vespertilionid, are now
recorded from the country. 
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INTRODUCTION

The island nation of Singapore is locat-
ed at the southern tip of Peninsular Malay-
sia from which it is separated by the nar-
row Johore Straits. Technically this equato-
rial island falls within the area of maxi-
mum bat species richness (or density) for
the Old World (Findley, 1993) that is pre-
scribed by the extraordinary diversity of the
Malay Peninsula and Borneo (Kingston et
al., 2003; Simmons, In press). However,
changes in land-use following the founding
of modern Singapore in 1819 are among 
the most dramatic in South-East Asia; more
than 90% of the native mixed diptero-
carp and wetland forest has been cleared, 

urbanization encompasses more than 50%
of the island, and less than 5% of the total
land area remains as primary or secondary
forest (Corlett, 1992). Singapore thus pres-
ents an intriguing locality for the study of
bat diversity and conservation, but, prior to
the 1990s, bats had yet to be surveyed sys-
tematically. The historical data up to that
time consisted of accumulated scattered
records of individual naturalists over the
preceding 175 years, the majority of whom
were collecting prior to the advent of survey
techniques (mist nets, harp traps and acous-
tic monitoring) that greatly improve the de-
tection of species. Inventories provided by
Corbet and Hill (1992) and Hutson et al.
(2001) both list just four microchiropteran
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The historical mammalian literature and recent surveys document a total of 24 microchiropteran species for the
small equatorial island nation of Singapore. Intensive surveys carried out in the 1990s and subsequent records
indicate that, of these 24 taxa, 15 are still present, another eight species, including all three hipposiderids, have
become locally extinct and one other is indeterminate. Almost half (6) of the surviving species have very low
abundances. Three new records of bat species in Singapore, namely Nycteris tragata, Rhinolophus lepidus and
Murina suilla are assumed to have been present in the past but not detected in earlier surveys. Nycteris tragata
and M. suilla are categorized as locally endangered. The vespertilionid, Myotis oreias, recorded previously only
in Singapore, was not found in this survey and may be globally extinct.  
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INTRODUCTION

Leisler’s bat Nyctalus leisleri (Kuhl,
1817) is a typical European forest bat. It is
distributed over most of Europe except for
much of Scandinavia and northern Russia,
stretching to North-West Africa and South-
West Asia (Shiel, 1999; Bogdanowicz and
Ruprecht, 2004). In Europe, the species
ranges from low elevation floodplains (e.g.,
Ruczyñski and Ruczyñska, 2000) up to
montane forests (e.g., Hrúz et al., 2000;
Spitzenberger and Bauer, 2001). Roosts are
located exclusively in tree-hollows (Ru-
czyñski and Bogdanowicz, 2005), except
Ireland, where nursery colonies occupy roof
attics (Shiel and Fairley, 1999). This medi-
um-sized insectivorous bat (forearm length

39–47 mm, body mass 8–20 g — reviewed
by Bogdanowicz and Ruprecht, 2004), spe-
cialises in aerial (or along vegetation) fast
hawking. It hunts small to medium-sized 
insects (e.g., Nematocera, Trichoptera, Co-
leoptera, and Lepidoptera — Beck, 1995;
Vaughan, 1997; Shiel et al., 1998, 1999;
Waters et al., 1999; Fuhrmann et al., 2002).

Regarding ectoparasites of N. leisleri,
some species-specific mites have been iden-
tified in Europe (Deunff et al., 1986; Estra-
da PeZa and Sánchez Acedo, 1988; Fain et
al., 2003; see also Bogdanowicz and Ru-
precht, 2004). This species is also para-
sitized by some polyphagous mites (Andrej-
ko, 1973; Estrada PeZa et al., 1988; Haitlin-
ger and Walter, 1997; Baker and Craven,
2003), fleas (Hopkins and Rothschild, 1956;
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In the Western Carpathians (central Slovakia), we recorded Nyctalus leisleri in six foraging habitats. The body
condition of foraging females and young varied during the season (May to August). Parturition occurred about
mid-June and the first flying young were captured in the first half of July. The ectoparasites were recorded in
56.5% of examined bats and comprised seven arthropod species of mites, fleas and flies; the most common were
the mites Spinturnix helvetiae (55.4%) and Steatonyssus spinosus (31.3%). Pregnant females were the most
infested. Ectoparasitic flies Nycteribia latreillii and Nycteribia (Acrocholidia) vexata were recorded for the first
time in this species. Seven orders of insects were found in the faecal pellets examined. By frequency (F%) and
volume (V%), the major food items comprised Lepidoptera (F = 100.0, V = 55.7) and Diptera (F = 91.5, 
V = 25.6). The four most abundant prey categories by volume varied significantly seasonally.

Key words: Nyctalus leisleri, diet, ectoparasites, parasite load, phenology, roosts



INTRODUCTION

The key function of echolocation calls is
to generate echoes that permit a bat to ne-
gotiate its three-dimensional environment
and, for many bats, to find food (e.g.,
Schnitzler et al., 2003). However, echoloca-
tion signals are available to any animal that
can hear them; i.e., echolocation inevitably
also has a communicative function. Bats

eavesdrop on other bats (Barclay, 1982;
Fenton, 2003) and often will able to deter-
mine from the echolocation calls alone
whether the other bat is a conspecific or not
(Leonard and Fenton, 1984; Balcombe and
Fenton, 1988), with obvious implications
for agonistic or mutualistic interactions.
Several bat species have been found to
show age differences (mainly first year ver-
sus older) or sex differences in echolocation
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Horseshoe bats (Rhinolophus) use echolocation calls with a prominent part whose frequency is constant over
time (CF) and matches the ‘acoustic fovea’ of the bats’ hearing system. The present study on European
Rhinolophus species investigates whether this CF component contains reliable information on species, sex, age
class or quality (size and body condition) of the caller and could therefore have a communicative value. The
resting frequencies (RF) were measured from stationary, handheld bats for the species Rhinolophus blasii, 
R. euryale, R. mehelyi and R. hipposideros (the latter with very low sample size) in Bulgaria, where they occur
in sympatry. We recorded calls directly onto a laptop computer and used a specially designed analysis algorithm
to achieve high and accurate frequency resolution. After silent periods, individuals ‘tuned in’ to their RFs always
from lower frequencies, corroborating the recent finding that frequencies below RF might be used for auditory
feedback control as well. Rhinolophus blasii could reliably be separated from its congeners by RF, while 
R. mehelyi overlapped strongly with both R. euryale and R. hipposideros. Only R. blasii showed sex and age
differences in RF, albeit the overlap was large. Adult female R. blasii had higher RFs than both adult males 
and juvenile females. In R. blasii, RF was positively correlated with forearm length, body mass and body
condition index; in R. mehelyi with body mass and body condition index. However, there was no correlation
between RF and these body size parameters within a sex or age class for any of the species, suggesting that RF
is not a reliable honest signal for intraspecific communication that would indicate the quality of a potential mate
or competitor. 

Key words: Rhinolophus, echolocation, resting frequency, body size, sex differences, honest signalling



INTRODUCTION

With more than 150 species, Phyllo-
stomidae is one of the most successful fam-
ilies of bats with species that eat insects or
fruits, leaves, nectar and pollen, small verte-
brates and even blood (Nowak, 1999).
Phyllostomid bats are thought to play im-
portant roles in ecological processes such as
pollination, seed dispersal, and predation
(Quesada et al., 2003). The assessment of
presence-absence, habitat use and activity
patterns have become important for habitat
conservation, and require the identification
of species in the field (O’Farrell and Miller,
1999; O’Farrell et al., 1999). Monitoring

species by recording echolocation calls is an
established procedure most readily used for
species producing high intensity echoloca-
tion calls (e.g., Jones et al., 2000; Ochoa et
al., 2000). 

Unlike aerial-hawking insectivorous
bats (like Emballonuridae, Vespertilionidae,
Molossidae, Mormoopidae), phyllostomids
produce low intensity echolocation calls,
which are much less conspicuous to bat de-
tectors. Phyllostomids use short, multihar-
monic, low intensity echolocation calls
(Griffin, 1958; Howell, 1974; Barclay et al.,
1981; Belwood, 1988; Fenton, 1995; Kalko
and Condon, 1998; Thies et al., 1998;
Schnitzler and Kalko, 1998, 2001). Only
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We studied the echolocation calls emitted by Phyllops falcatus (Chiroptera: Phyllostomidae) during foraging,
in the field and in the lab. Calls emitted in free flight, in a more or less uncluttered situation, were about 4.5 ms
(up to 5.3 ms) long and characterized by a sweep of the first harmonic (= fundamental) from ca. 73 kHz down
to about 23 kHz, which is unusually large for phyllostomid bats. A less intense second harmonic was always
present. The intervals between pulses varied between 55 and 170 ms with a mean of about 110 ms. During
approach to bushes or trees (or during flight in confined space between bushes), or in the flight room, calls
became shorter (ca. 2 ms) and more energy was allocated to the second harmonic, sometimes also a third
harmonic appeared. During approach to a fruit calls were further shortened (about 1 ms or less), and call
frequency increased to about 5 calls/100 ms, calls often being grouped. The large bandwidth of the first
harmonic separates Phyllops from all other Cuban bat species and allows identification in the field.

Key words: phyllostomids, Stenodermatini, echolocation, acoustic identification, Cuba



INTRODUCTION

Abandoned mines are a resource used
by bats throughout the world. Still, little at-
tention has been paid to mines compared to
other roosting structures of anthropogenic
origin, such as buildings and bridges (Pier-
son, 1998). In Mexico, most research on
roosting habits of bats has focused on 
cavernicolous species from tropical or sub-
tropical areas (Medellín and López-For-
ment, 1986; López-Wilchis, 1989; Arita,
1993; Brunet and Medellín, 2001; Ávila-
Flores and Medellín, 2004). The use of
abandoned mines as bat roosts has been ad-
dressed unfrequently, even though Mexico
has a mining history that dates at least from

the arrival of Europeans in the New World
(Bassols Batalla, 1991).

Most research available on use of mines
by bats in North America has been under-
taken in northern latitudes, usually in areas
with marked seasonality and harsh winters
(e.g., Pierson et al., 1991; Dalton and Dal-
ton, 1995; Sherwin et al., 2000, 2003). The
lack of studies on use of mines in Mexico is
of concern because the wildlife value of
abandoned mines often is not recognized,
resulting in them being barricaded, back-
filled or dynamited, threatening the long-
term persistence of local populations (Pier-
son, 1998). Ironically, reclamation of aban-
doned mines and sites, as well as the reiniti-
ation of mining operations in abandoned
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Use of abandoned mines by a community of temperate bats 
in Durango, Mexico
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The Guanaceví region has been actively mined at least for the last 500 years. Mining activity has resulted in 
a large number of abandoned mines, which may represent important refuges for the chiropteran fauna of 
the region. I surveyed a sample of 25 abandoned mines during an annual cycle to determine which species use
the mines, how they use it, and whether occupation is significantly related to a set of environmental variables
measured from the mines. Simultaneously I carried out an inventory of the chiropteran fauna in the area, to
determine what portion of the assemblage use the mines. I recorded 13 species for the region (12 vespertilionids
and 1 molossid), out of 18 that are likely to occur. Five species were never found in mines; the remaining use
them as feeding roosts, temporary roosts, or hibernacula, and only Corynorhinus mexicanus was found forming
a maternity colony. Bats were significantly (P < 0.05) more frequent in mines with winter temperature < 10°C,
adits > 50 m, and less than 3°C temperature oscillation throughout the year. Results suggest that bats are more
likely to occur in undisturbed mines, although the relationship was not significant (P = 0.09).

Key words: vespertilionids, molossids, mines, temperature, adits, Durango, Mexico



INTRODUCTION

Across the world, natural caves and arti-
ficial underground sites are used widely as
roosting sites by bats and may be occupied
by large breeding and/or hibernating popu-
lations (e.g., Altringham, 1996). Bats form
the largest mammalian assemblages on
earth and single sites may be home to a sig-
nificant proportion of the total population of
some species. Such sites are clearly of ma-
jor importance to bats and may restrict both
population size and distribution. At an in-
creasing rate over the last half-century, bar-
riers have been erected in the entrances to  

underground sites. These barriers restrict
public access to potentially dangerous sites,
control access for commercial reasons, or
protect cave-dwelling bats from disturb-
ance (Tuttle, 1977, 1979; Tuttle and Taylor,
1998). There is no doubt that restricting
public access is often necessary, since there
is convincing evidence to show that distur-
bance can cause catastrophic declines in
cave-bat populations (e.g., Rabinowitz and
Tuttle, 1980; Wegiel and Wegiel, 1998).
However, many early barriers caused severe
declines in the number of bats using sites
(Tuttle, 1977; MacGregor, 1993). Ironically,
some of the gates specifically erected to
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The effect of gates on cave entry by swarming bats
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Temperate bats make extensive use of caves and mines as nursery roosts, swarming sites and hibernacula. For
a variety of reasons, the entrances to many sites have been modified in the past to restrict human access. Early
barrier design often gave little regard to bats, leading to massive population declines in many nursery and
hibernation sites. Free access to bats has become an increasingly important design feature, as the damaging
effects of early gates were recognised. However, given the large number of gates that have been constructed,
relatively few studies have looked at either the short or long-term effects of gates on bat behaviour and
population sizes. Even fewer studies have examined specifically the effects of different gate designs. We have
looked at the immediate effects of gates on the behaviour of swarming bats as they entered a natural cave. Three
gates were tested, all with vertical grille spacings of 750 mm, but with horizontal spacings of 150, 130 or 100
mm. The gate with 150 mm spacings had no significant effect on the behaviour of the bats (predominantly
Myotis nattereri). Gates with both 130 mm and 100 mm spacing caused a significant and substantial increase
in the number of bats aborting their first and often subsequent attempts to enter the cave. The consequences to
swarming behaviour and long-term use of the site by bats are unknown, but we suggest that following the
precautionary principle, the minimum spacing between horizontal bars in gates should be 150 mm.

Key words: bats, caves, mines, gates, grilles, hibernacula, underground, swarming



INTRODUCTION

Gastric juice in vertebrates is produced
by different cell types, varying from one
class to another (Helander, 1981). In non-
mammals generally a single cell type, called
the oxynticopeptic cell, secretes both the
main components of the gastric juice, pepsi-
nogen and hydrochloric acid. By contrast, in
mammals two different kinds of cell are
found, the chief or zymogenic, secreting
pepsinogen, and the parietal, or oxyntic, se-
creting HCl.

In some non-mammals the secreting 
activity of the oxynticopeptic cells varies
along the gastric mucosa. In the oral region
of fundus the cells mainly produce pepsi-
nogen, whereas towards the aboral region
their principal product is HCl (Grabowski 
et al., 1995; Ferri et al., 1999; Liquori et al.,
2002). This indicates that the gastric juice in
these animals varies in its composition
along an oro-aboral gradient. It has been 
hypothesised that this gradient increases 
the efficiency of the chemical treatment of
food, that first is surrounded by pepsinogen
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GIOVANNI SCILLITANI1, SARA ZIZZA1, GIUSEPPA ESTERINA LIQUORI1, and DOMENICO FERRI1, 2

1Department of Zoology, University of Bari, via Orabona, 4/a, I-70125 Bari, Italy
2Corresponding author: E-mail: d.ferri@biologia.uniba.it

Histochemical and immunohistochemical investigations were performed on the gastric mucosa of the greater
horseshoe bat, Rhinolophus ferrumequinum (Schreber, 1774) to estimate the presence of a gradient of
pepsinogen and hydrochloric acid along an oro-aboral axis of the stomach, similar to that found in some 
non-mammals. Paraffin sections were stained with DBA-lectin binding, Bowie and fluorescent anti-H+/K+-
ATPase α-subunit immunostaining to detect the chief and parietal cells in the gastric mucosa. The stomach 
of the bat presents a short cardias, a wide fundus and a small pylorus. Chief and parietal cells were found 
in the fundic glands and their number varied from the oral to the aboral region of fundus. In the oral region
several chief cells with Bowie-positive pepsinogen granules were observed in the basal part of glands, whereas
parietal cells positive to DBA-lectin binding and immuroreactive with anti-H+/K+-ATPase α-subunit were
concentrated in the the upper part of the glands. In the aboral fundus chief cells were lacking, whereas 
the number of parietal cells increased and they were distributed along the glands. A gradient of pepsinogen 
and hydrochloric acid secretion similar to that found in some non-mammals can be hypothesised. The
possibility that this gradient is the ancestral condition in Chiroptera and Eutheria and its functional meaning are
discussed.

Key words: Rhinolophus ferrumequinum, chief cell, parietal cell, gastric acid secretion, lectin histochemistry,
immunohistochemistry



INTRODUCTION

The insectivorous flat-headed bat My-
otis planiceps (Vespertilionidae) is an en-
demic species apparently restricted to a very
small area, known only from three speci-
mens collected between 1952 and 1970 in
Madrean pine-oak woodland in three adja-
cent states in north-central Mexico: Coahu-
ila, Nuevo León, and Zacatecas (Matson,
1975). 

Myotis planiceps was once considered
extinct by IUCN (Baillie and Groombridge,
1996), but more recently its status was
changed to Critically Endangered (IUCN,
2004). The first objective of our study was
to determine if we could find a living
population or populations of this species. 
If extant populations were discovered, 
then further investigations were warrant-
ed, including detailed distribution, habitat 

requirements, dietary habits, and roosting
behavior, to define the species’ current con-
servation status in accordance with stan-
dards proposed by IUCN (2004).

MATERIALS AND METHODS

The project was initiated in 1998. All of the avail-
able written documents regarding the species were
examined, including original field-notes from the col-
lectors of two of the three known specimens. Then, in
March 2000, a field team visited the localities where
the three specimens were collected, to evaluate cur-
rent habitat conditions. We decided that the most like-
ly habitat for mist-netting M. planiceps would be the
transition zone between the xeric scrubland and the
upper pine forest. We also decided to attempt captures
of live specimens during June and July, when the ex-
isting specimens were collected. 

Capture localities (all in the Municipality of
Arteaga) were as follows: Los Pinos — 10.6 km S,
2.6 km E Bella Unión, 2,103 m. The netting site was
on the edge of a small patch of piñon pine (Pinus
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INTRODUCTION

Little is known about how young insec-
tivorous bats make the transition from a diet
of mother’s milk to flying insects. It has
been hypothesized that young bats need
time to acquire the skills necessary for suc-
cessful flight and to capture flying insects
(Davis and Hitchcock, 1965), and that they

may learn these techniques by spending
time foraging with their mothers (Brigham
and Brigham, 1989).

The red bat (Lasiurus borealis) is a soli-
tary, foliage-roosting species that ranges
from Canada to Central America (Shump
and Shump, 1982). Females typically give
birth from two to four pups. In the wild,
young L. borealis weigh 4–5 g by 3–4
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