
INTRODUCTION

Until recently, bats of the genus Ke-
rivoula in Southeast Asia were relatively
poorly known, with most species recorded
from relatively few specimens (Corbet and
Hill, 1992). However, recent use of harp
traps (Francis, 1989) has shown that many
species of Kerivoula are, in fact, relative-
ly common in the forest understorey in
Southeast Asia (Francis, 1990; Francis et
al., 1999; Kingston et al., 1999; Kingston et
al., 2003). Their rarity in previous collec-
tions was likely due to a combination of 
the difficulty of capturing them in mist nets
owing to their small size, manoeuvrability
and echolocation signal design, as well as
their tendency to roost alone or in small

groups in trees, making them hard to find at
roost.

With greatly increased capture rates, it is
perhaps not surprising that new discoveries
are also being made throughout Southeast
Asia. These include a new species from
Myanmar, Kerivoula kachinensis (Bates et
al., 2004), as well as the recognition of 
K. lenis Thomas 1916 as a species distinct
from, but frequently sympatric with, K. pa-
pillosa Temminck 1840 (Vanitharani et al.,
2003). 

During field work at Kuala Lompat in
the Krau Wildlife Reserve, peninsular Ma-
laysia, one of us (CMF) captured a distinc-
tive coloured Kerivoula in October 1991.
This specimen was submitted to John Ed-
wards Hill, at the British Museum (Natural
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A new species of small Kerivoula is described from peninsular Malaysia. It is similar in size and form to
Kerivoula hardwickii Miller 1898 or K. intermedia Hill and Francis 1984, but is distinguished by its distinctive
colouration — dorsal fur has extensive black bases with shiny golden tips, ventral fur has dark grey bases with
whitish-buff tips — as well as several characters of dentition and skull shape. Sequence analysis of the first 648
base pairs of cytochrome oxidase I gene (DNA barcode) indicates a divergence of at least 11% from all other
species of Kerivoula, a difference comparable to that between other species of Kerivoula.
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INTRODUCTION

Between 2000 and 2007, a series of bat
surveys were conducted by authors TK and
SJR on mainland South-East Sulawesi and
several offshore islands as part of a wider
regional biodiversity assessment undertak-
en by the British conservation organisation
Operation Wallacea. During 2000, speci-
mens of an unidentified species of Hippo-
sideros were collected on mainland Sula-
wesi and lodged at the Museum Zoolo-
gicum Bogoriense in Java, Indonesia. In
2005, some of this hipposiderid material
was loaned to the Harrison Institute (UK)
for further study. Following comparisons
with a range of taxa from throughout south-
ern and South-East Asia, it is apparent that
this material represents a new and as yet 

undescribed species. As such, it is the sev-
entieth extant species of the genus currently
recognised and the third to be published,
following Hipposideros khasiana Thabah et
al., 2006 and H. khaokhouayensis Guillén-
Servent and Francis, 2006, since Simmons
(2005).

MATERIALS AND METHODS

Field Survey

Bat surveys were conducted at Rawa Aopa Watu-
mohai National Park on mainland South-East Su-
lawesi from 02 to 10 August, 2000. This protected
area covers over 100,000 ha (centered on 04°22’S,
121°44’E) and encompasses a range of lowland habi-
tats including swamp, savannah and rainforest (Riley
et al., 2001). Captured bats were compared to those
collected during more extensive surveys (July and
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A new species of Hipposideros is described from South-East Sulawesi, Indonesia. Morphologically, it shows
close affinities to Hipposideros papua but is substantially smaller. It is currently only known from Rawa Aopa
Watumohai National Park, an area of semi-disturbed lowland rainforest, where it was the most common species
of hipposiderid recorded. In this paper, data on its morphometrics and echolocation are included, along with 
a brief discussion of its ecology and reproductive biology.
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INTRODUCTION

The bent-winged bats, or long-fingered
bats, typically present a characteristic mor-
phological uniformity (Dobson, 1878)
across their wide distribution throughout
Africa, the Palaearctic (from Iberia to Ja-
pan) and Australasia (Simmons, 2005).
Consequently, the taxonomic recognition of
species and subspecies included within the
sole genus Miniopterus Bonaparte 1837 has
been much questioned and revised. On the
other hand, their unique morphological fea-
tures (e.g., long V finger and the presence of
an extra upper premolar) support, at family
level, the separation of long-fingered bats

from other vesper bats (Mein and Tupinier,
1977); a division recently corroborated at
the molecular level by Hoofer and Van Den
Bussche (2003). 

During the last years, the study of bent-
winged bats, using molecular techniques,
has enormously improved our knowledge 
of the taxonomy and phylogenetic rela-
tionships within the family. For instance,
the ubiquitous M. schreibersii has been
proved to consist of an assemblage com-
prising at least three species groups centred
in the Palaearctic, Ethiopian, and Oriental-
Australasian regions (Appleton et al., 2004;
Miller-Butterworth et al., 2005), with im-
portant genetic differences even at small
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Due to a morphological uniformity typically shown by bent-winged bats, the taxonomic recognition of species
and subspecies within the sole genus Miniopterus has been much questioned and revised. The situation and
definition of the African species M. minor is particularly confused. This species is known from scattered and
discontinuous records on both mainland coasts, Madagascar, Sno Tomé and Grand Comoro islands. The island
forms have been included either within M. minor or considered as endemic species. To clarify their taxonomy,
we compare mitochondrial DNA sequences of all the island forms with other related African Miniopterus. The
genetic distances found in this study support a taxonomic recognition of the island forms at species level and
the phylogenetic reconstructions based on these data suggest that the M. minor, as considered traditionally, is
not a monophyletic group. The morphological similarities between the Miniopterus from Sno Tomé (West
Africa) and Grand Comoro (East Africa) may reflect convergent evolution rather than a common ancestry.
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INTRODUCTION

Madagascar’s extant fauna is one of the
most unique and endemic on the planet
(Goodman and Benstead, 2005), and ex-
ploring the circumstances leading to the
modern distribution of its animals has been
the focus of decades of scientific research.
However, in spite of these efforts, the evo-
lutionary history of the island’s bats, per-
haps the least-studied of Madagascar’s ex-
tant mammals, has remained poorly known.

Present knowledge regarding the evolu-
tionary history of modern Malagasy mam-
mals is based on subfossils (referring to
their geologically shallow age), with our
first glimpse at a mere ≈ 26,000 years BP

(Simons et al., 1995). A diverse subfossil
fauna has been described from Holocene
deposits, including crocodyliforms, turtles,
giant lemurs, bats, carnivorans, pigs, ro-
dents, pygmy hippos, the aardvark-like
Plesiorycteropus, and birds (e.g., Godfrey
et al., 1990; Burney et al., 1997; Gommery
et al., 2003; Goodman et al., 2004). More
than 30 subfossil localities are presently
recognized on Madagascar, and are largely
distributed in the western and southern por-
tions of the island, with a few in the north
and on the Central High Plateau (Godfrey et
al., 1999; Burney et al., 2004). During the
end of the 19th and first third of the 20th
century, an emphasis was placed on the col-
lection of larger fossils such as primates,
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In spite of decades of research on Madagascar’s unique and endemic modern fauna, the evolutionary history of
the island’s bat fauna remains largely unknown. Their origin and evolution is largely unknown because of the
nature of the fossil record; the deepest well-dated glimpse of Madagascar’s mammal groups comes from only
26,000 years ago. Bat remains have frequently been recovered from paleontological sites, but have been rarely
identified or described. It therefore remains unknown whether bats underwent a reduction in species diversity
similar to that seen in many of Madagascar’s vertebrate clades. Herein I describe a collection of newly
discovered subfossil bats from Anjohibe Cave, northwestern Madagascar, some estimated to have been
deposited about 80,000 years ago. Five bat genera are represented as subfossil (Rousettus, Eidolon,
Hipposideros, Triaenops, and Myotis) with four of these genera present in Anjohibe Cave today. The subfossil
material has yielded two new species, indicating that Malagasy bats experienced recent species turnover,
paralleling what is seen in much of the island’s terrestrial vertebrate fauna. 
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INTRODUCTION

By being near the centre of Old World
bat diversity (Findley, 1993; Hutson et al.,
2001), Borneo supports a large bat fauna
with at least 93 bat species reported (Sim-
mons, 2005). However, the majority of
mammal research has taken place in the
Malaysian states of Sabah and Sarawak.
The four Indonesian states of Kalimantan,
East, West, South and Central, are severely

underrepresented, despite covering over
two thirds of the island and being the bio-
geographic link to Javan fauna (Meijaard et
al., 2005).

Much species distribution information
has arisen from collections made during 
the colonial era including those from South
Kalimantan (Müller, 1838) and Sabah and
Sarawak (Hose, 1893), as reviewed by
Medway (1977). However, these stud-
ies were conducted prior to the advent of
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Borneo has a significant role to play in the conservation of bat diversity in Southeast Asia, yet there is little
taxonomic and distribution information available for the Indonesian states that represent over two thirds of the
island. We report the results of a four week harp-trap and mist-net survey of four limestone karst formations 
on the Sangkulirang peninsula in East Kalimantan during August 2004. We recorded 36 taxa, including two 
(a Pipistrellus and Rhinolophus) that may represent new species, and three (Hipposideros bicolor, Myotis
horsfieldii and M. montivagus) that are new records for Kalimantan. Several species, including the karst
dependent and patchily distributed Hipposideros larvatus, Rhinolophus creaghi and R. pusillus, were highly
abundant at the formations. In Borneo, many of the species were previously known from only a few, or
scattered, localities including four Red-Listed species (R. creaghi, M. montivagus, Murina rozendaali and
Kerivoula minuta). We review the Bornean distributions of individual species given recent surveys in
Kalimantan and present taxonomic data from 135 specimens collected during this study. This represents the
largest bat collection in Kalimantan so far undertaken and highlights the Sangkulirang peninsula as a key site
for bat diversity and conservation in Borneo. Threats to this area include disturbance from bird nest collection
in caves, but also mass disturbance from logging and forest fires. We advocate inclusion of the formations and
associated forests into a protected area to safeguard this biological resource.
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INTRODUCTION

The island of Saba, a part of the Nether-
land Antilles, is the western-most of the
Lesser Antillean islands lying about 150
kilometers to the east of St. Croix in the
U.S. Virgin Islands. These islands are sep-
arated by the Anegada Passage that reaches
a depth of 2,300 m marking the separation
of the Virgin Islands of the eastern Greater
Antilles from the islands of the Lesser
Antilles that lie to the south and east. Saba
is actually the emergent cone of an extinct
volcano set on a seabed at a depth of 600 m
and reaching an elevation of 887 m.

Until our work on the island in 2002 and
2003, the chiropteran fauna had not been
the subject of systematic field studies.
Previously, only three species of bats have
been reported from Saba, including Brachy-
phylla cavernarum, Artibeus jamaicensis,
and Natalus stramineus. Based on speci-
mens collected by Dr. P. W. Hummelinck 
in June 1949 and by Dr. J. H. Ferwerda in
May 1959, Husson (1960) reported B. ca-
vernarum as the first species of bat known
from the island. Koopman (1968) reported
two additional species from Saba — A. ja-
maicensis and N. stramineus — based on
specimens collected in January 1937 and
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Data presented herein provide records of four species of bats new to the fauna of the Antillean island of Saba
— Monophyllus plethodon, Ardops nichollsi, Tadarida brasiliensis, and Molossus molossus. Together with three
species previously recorded from the island – Brachyphylla cavernarum, Artibeus jamaicensis, and Natalus
stramineus – the chiropteran fauna of the island is documented to be composed of seven species. Our analysis
of species/area relationships for West Indian bats provides a slope value of z = 0.177 and R2 = 0.76; therefore,
the bat fauna of the West Indies has the flattest slope for this relationship of any West Indian group. This
relationship is best explained by a propensity for over water dispersal by West Indian bats. We propose to unite
the chiropteran faunas of the islands of Anguilla, Antigua, Barbuda, Nevis, Saba, St. Barthélemy, St. Eustatius,
St. Kitts, and St. Martin by recognizing them as the Northern Antillean Faunal Area. Given the small size of
Saba (12 km2) and the even smaller effective habitat for non-molossid bats (4 km2), conservation concerns are
expressed for the future of the fauna and some recommendations are made for its preservation.
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INTRODUCTION

The dynamics of a population may not
be just a function of the average environ-
mental conditions, but of those occurring at
‘critical’ times of the year when, due to spe-
cific constraints, the animal cannot fulfil its
energy requirements (Racey, 1982; Barclay,
1991). The identification of such bottle-
necks and of their determinants is important
not only to understand abundance and dis-
tribution of species, but also to direct con-
servation action in order to halt and reverse

population declines (Payne and Wilson,
1999; Primack, 2002). This is particularly
relevant in bats because the populations of
many species have been declining, and sev-
eral of these are now threatened (Mickle-
burgh et al., 2002).

Temperate zone bats have a well-defined
annual cycle, largely determined by cli-
mate. Climate may influence their energy
balance in multiple ways. It may impose
constraints on energy intake by influencing
the availability of food, and limiting the for-
aging activity. In fact, climate is known to
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In highly seasonal temperate zones climate may cause fluctuations in the accessibility of prey for insectivorous
bats. The main objective of this project was to evaluate if these fluctuations can result in resource bottlenecks
that affect the body condition of a temperate zone bat — Myotis myotis. Seasonal changes in body condition
followed different patterns in Portugal and Germany, which have different climates. In Germany bats use
thermally better hibernacula, which allow them to minimize energy expenditure, but because of the longer
winters they emerge from hibernation in poorer condition. Except during the hibernation period, food was
always abundant in Germany, but the condition of the animals was poor when bad weather constrained foraging,
particularly in early spring. In Portugal food was limiting during the long dry summer, and this affected the
condition of the animals for several months. The conclusion that food resources can act as a limiting factor is
relevant for conservation because, like other bat species, M. myotis forages mostly in agricultural and forestry
habitats, and can be affected by practices that accentuate resource bottlenecks. Where necessary, the
management of agroecosystems near colonies of M. myotis and of other threatened bats should aim at
minimizing seasonal food bottlenecks.
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INTRODUCTION

Conservation and management of the
endangered Indiana myotis (Myotis sodalis)
have received considerable attention in the
last several decades (Kurta and Kennedy,
2002). The population size has apparently
declined drastically since intensive moni-
toring began in the late 1960’s, and man-
agement decisions are based on the best
available information (U.S. Fish and Wildlife
Service, 1999). One area of research that
has profound implications for management

of Indiana myotis, but has received essen-
tially no attention, is the estimation of de-
mographic rates. Lack of research in this
area is not because the need for the infor-
mation has been ignored; it is largely be-
cause of the difficulty in collecting suffi-
cient data to conduct proper analyses.

To date, the only published estimate of
any demographic rate for Indiana myotis is
the estimate of adult survival by Humphrey
and Cope (1977). Using a number known
alive (NKA) technique on over 20 years 
of banding and recapture records for bats 
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The estimation of demographic rates is important for conservation and management of species. However, with
the exception of an estimate for adult survival by Humphrey and Cope in 1977, there are no estimates of 
any demographic rates for the endangered Indiana myotis (Myotis sodalis). Their estimate is based on
techniques that have been replaced by newer, more flexible, and less biased techniques. Therefore, we
reanalyzed a subset of the data first analyzed by Humphrey and Cope using a Cormack-Jolly-Seber model. Two
models [φ(year)p(year) and φ(year)p(sex*year)] are equally parsimonious, so we used model averaging to
estimate apparent survival. We used this estimate to calculate the average cumulative survival each year after
banding for four un-aged cohorts. Our estimate suggests that apparent survival is considerably higher than
estimated by Humphrey and Cope the first year after banding and lower the second year after banding.
Subsequent to the first two years after banding, our estimates are similar, but slightly lower than those reported
by Humphrey and Cope. These results, while useful, cannot be taken as true survival rates for Indiana myotis
because of limitations in the data and we suggest this estimate be used appropriately when making management
decisions. We discuss limitations in this type of data and make suggestions for experimental design of future
studies to collect data more appropriate for estimation of demographic rates in bats.
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INTRODUCTION

Species identification is a fundamental
prerequisite for successful ecological re-
search and conservation yet can be difficult
to achieve for morphologically cryptic spe-
cies. Recent advances in molecular tech-
niques have provided tools for investigating

relatedness between outwardly similar spe-
cies and identifying morphological charac-
teristics to discriminate amongst them
(Bradley and Baker, 2001; Hebert et al.,
2004; Reed et al., 2004; Rodriguez and Am-
merman 2004; Russo et al., 2006). Many
new cryptic species groups have been iden-
tified and genetic confirmation of species’
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Recent advances in molecular techniques have provided new tools for confirming species identities, however
they can be expensive and results are not immediately available. Myotis lucificugus and M. yumanensis are
morphologically cryptic species of bats sympatric in western North America that can be difficult to distinguish
in the field. We evaluated a set of models that used morphological and echolocation call characters obtained in
the field to predict species identity as determined by DNA analysis. We constructed models using data from 
98 M. lucifugus and 100 M. yumanensis captured throughout the Pacific Northwest from which we had obtained
high-quality, time-expansion recordings of their echolocation calls. The best model for distinguishing the
species combined forearm length and characteristic frequency of echolocation calls and was able to identify
92% of M. lucifugus and 91% of M. yumanensis individuals, with ≥ 95% confidence. We evaluated the
applicability of our model by testing it on additional datasets. Our model correctly classified 83% of 
M. lucifugus (n = 30) and 93% of M. yumanensis (n = 29) individuals captured in north-central Oregon, whose
echolocation calls were recorded using a zero-crossings echolocation detection system. It also correctly
classified 86% of M. lucifugus (n = 22) and 85% of M. yumanensis (n = 26) individuals, captured throughout
our study area, for which only poor-quality time-expansion recordings of echolocation calls were obtained.
Combining morphometrics with echolocation call characteristics may be a useful approach for distinguishing
among pairs of cryptic species of bats in other areas. 

Key words: cryptic species, echolocation, geographic variation, mtDNA, species identification, Myotis 
lucifugus, M. yumanensis



INTRODUCTION

Research on population dynamics in bats
and the accurate estimation of vital parame-
ters for this group of mammals have chal-
lenged biologists for decades. Because they
are small, volant, and nocturnal, bats can be
particularly difficult to capture and often re-
quire sampling at aggregation points (i.e.,
roosts, foraging sites). Marking individual
bats has also been a unique challenge: wing
bands have been the most commonly used
marking technique in the past, but can result

in substantial injury and mortality (see re-
view in O’Shea et al., 2004).

In 1999, scientists convened at a work-
shop that focused on sampling problems in
monitoring trends in United States bat pop-
ulations. They recommended experimenta-
tion with alternative marking techniques,
such as passive integrated transponders
(PIT tags), that may provide advantages
over other marking techniques for estimat-
ing vital parameters in bats (i.e., bands,
freeze brands — O’Shea and Bogan, 2003).
PIT tags have been used to mark individuals
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We compared conventional capture (primarily mist nets and harp traps) and passive integrated transponder (PIT)
tagging techniques for estimating capture and survival probabilities of big brown bats (Eptesicus fuscus)
roosting in buildings in Fort Collins, Colorado. A total of 987 female adult and juvenile bats were captured and
marked by subdermal injection of PIT tags during the summers of 2001–2005 at five maternity colonies in
buildings. Openings to roosts were equipped with PIT hoop-style readers, and exit and entry of bats were
passively monitored on a daily basis throughout the summers of 2002–2005. PIT readers ‘recaptured’ adult and
juvenile females more often than conventional capture events at each roost. Estimates of annual capture
probabilities for all five colonies were on average twice as high when estimated from PIT reader data 
( = 0.93–1.00) than when derived from conventional techniques ( = 0.26–0.66), and as a consequence
annual survival estimates were more precisely estimated when using PIT reader encounters. Short-term, daily
capture estimates were also higher using PIT readers than conventional captures. We discuss the advantages and
limitations of using PIT tags and passive encounters with hoop readers vs. conventional capture techniques for
estimating these vital parameters in big brown bats. 
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INTRODUCTION

Although bats comprise approximately
20% of all mammal species (Wilson and
Reeder, 2005), their behavior is not well un-
derstood. This mostly reflects the fact that
most bat species are small and fly at night,
thus eliminating most visually based moni-
toring methods (Buchler, 1976). Two meth-
ods for assessing foraging behaviors and
roosting patterns of bats are to affix chemi-
luminescent tags or radio transmitters to in-
dividual bats (e.g., Williams and Williams,
1967; Barclay, 1985; Wilkinson and Bar-
clay, 1997; Brigham et al., 1997; Fenton et
al., 2000, 2001; Law and Chidel, 2004).
Chemiluminescent tags, also called light
tags, have been used to document foraging

behavior of a variety of bat species. Light
tags are visible at night and allow for obser-
vations of bats for several minutes to hours
(Buchler, 1976; Barclay, 1985; Hovorka et
al., 1996; Wilkinson and Boughman, 1998;
Murray et al., 2001). Radio-tracking allows
continuous monitoring of bat activities, of-
ten for many days, and this technique has
broadened our knowledge of roost use and
patterns of occupancy within these roosts
(Fenton et al., 2001). However, there is
some evidence that attaching radio transmit-
ters on bats alters their behavior.

Fenton et al. (1998, 2000) found that
some radio-tagged bats exhibited abnormal
foraging behavior. Two species of bats (Mo-
lossus ater and Sturnia lilium) either did not
forage during some evenings, roosted alone,
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Light tagging disrupts social dynamics of bat harems

CHAD M. HOXENG1, MATTHEW M. APLING1, PETER I. RITSON1, and CHRISTINE V. PORTFORS1, 2

1School of Biological Sciences, Washington State University, Vancouver, USA 98686
2Corresponding author: E-mail: portfors@vancouver.wsu.edu 

Light tags are used to study bats because they allow visual observations of these nocturnal animals. In this study,
we document changes in roosting behaviors of the greater spear-nosed bat, Phyllostomus hastatus, when light
tags were applied. Roost behaviors of eight light-tagged female bats were recorded using reflectance infrared
videography and compared to roost behaviors of untagged harem members. Light-tagged females were
recipients of more aggressive interactions from their harem mates than untagged individuals; they were more
often chased away from a group, moved away from (disengaged), and rejected by harem members than were
untagged individuals. In addition, light-tagged bats spent significantly more time roosting alone than untagged
individuals. These findings indicate that roosting behaviors of P. hastatus were altered when light tags were
applied. Our results clearly document altered behavior in P. hastatus as a result of the application of light tags,
and consequently caution should be used when applying light tags to this and others bat species when
investigating roosting behavior. 

Key words: Phyllostomus hastatus; chemiluminescent light tagging; roost behavior; Trinidad and Tobago



INTRODUCTION

Protection of foraging habitats is a criti-
cal goal of bat conservation and urgently re-
quires implementation (Hutson et al.,
2001). Protection of these habitats requires
adequate knowledge of bat foraging ecolo-
gy as well as an understanding of how dif-
ferent bat species use the landscape. Al-
though some efforts have been made, only 
a few such studies have been performed, on
the bat community level, in the Mediterra-
nean region (Carmel and Safriel, 1998;

Russo and Jones, 2003). Some few papers
focusing single species’ habitat selection on
Atlantic Iberia (Aihartza et al., 2003; Goiti
et al., 2003) and on southern and eastern
Iberia (Russo et al., 2005; Almenar et al.,
2006) were also recently published.

Mediterranean countries have a high di-
versity of bats (Hutson et al., 2001), and the
Iberian Peninsula in particular is home to at
least 25 bat species, many of which global-
ly and locally endangered (Mitchell-Jones
et al., 1999; Hutson et al., 2001; Cabral,
2005). The declining population of some of
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Summer foraging habitats of bats in a Mediterranean region 
of the Iberian Peninsula

ANA RAINHO

Instituto da Conservaçno da Natureza e da Biodiversidade, Rua de Santa Marta 55, 1150-294 Lisboa,
Portugal; E-mail: rainhoa@icn.pt

Preservation of foraging habitats is a fundamental approach to bat conservation. Yet, knowledge on the primary
foraging sites of Mediterranean bats remains scarce, particularly during the summer when the availability of
prey can be limiting. This study was designed to determine in which habitats bats forage in Southern Portugal,
during this potentially stressful period. During the summers of 1994 and 1995, bat foraging activity was
monitored in representative habitat types using an ultra-sound detector. The number of feeding-buzzes and bat-
passes were counted and species identified through the analysis of recorded echolocation calls. None of the
recorded species restricted its foraging activity to a single habitat type, but water sites were preferred by most
bats. Tadarida teniotis was an exception to this habitat use. Further analysis confirmed that riparian habitats
when surrounded by autochthonous broad-leaved forests seem to provide optimal foraging areas for bats during
summer. Opposite, water sites within habitats resulting from intensive agriculture or forestry, provide very 
poor foraging areas. The typical Mediterranean landscape of Iberia, dominated by oak-woodlands and with
numerous, scattered and well vegetated water sites, seems to grant optimal foraging habitat for bats during
summer. However, this landscape is itself at risk. Current production demands are causing substantial land-use
changes and, despite some European programmes on the preservation of Mediterranean oak woodlands and
their biodiversity, the furtherance of this landscape is at stake. The preservation of traditional management
strategies of oak-woodlands and associated water sites should be strongly encouraged.

Key words: foraging bats, summer habitat use, Mediterranean, bat-detectors



INTRODUCTION

Riparian forests provide high quality
habitat for many species of plants and ani-
mals (Lee et al., 2004). Competing de-
mands on this habitat, however, have result-
ed in its steep decline (Nilsson and Berg-
gren, 2000). Until the 1970’s, thousands of
hectares of riparian cottonwood (Populus
deltoides) forests were harvested in South
Dakota, Nebraska and Kansas, USA for the
pulp and paper industry and as a vegetation

control measure (Borden, 1978). More re-
cently, riparian cottonwood stands have
been removed to permit roadways, bridges,
river access and cropland throughout the
prairies. The flow of the Missouri River
along its length has also been altered by
damming and channeling, such that the ca.
125 km stretch between Gavin’s Point Dam,
South Dakota and Sioux City, Iowa now
represents the largest remaining uninter-
rupted section of this 4,064 km long water-
way (Kammerer, 1990). 
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Cavity roost site availability and habitat use by bats in different aged
riparian cottonwood stands

MICHAEL B. SWYSTUN1, JEFFREY E. LANE2, 4, and R. MARK BRIGHAM3

1Chinook Health Region, Taber, AB T1G 1M8, Canada
2Department of Biological Sciences, University of Alberta, Edmonton, AB T6G 2E9, Canada

3Department of Biology, University of Regina, Regina, SK S4S 0A2, Canada
4Corresponding author: E-mail: jelane@ualberta.ca

Riparian forests provide important roosting habitat, abundant prey and access to drinking water for many bat
species but to date there has been little research on the differential quality of habitats within riparian areas. 
We quantified the density of potential roost cavities in three age classes (i.e., young: ca. 20 years, mature: 
ca. 60 years, and old: ca. 100 years) of riparian cottonwood (Populus deltoides) forest stands. Bat activity was
also sampled using acoustic detectors in one representative stand of each age class. Stands were situated along
an 80 km stretch of the Missouri River in southeastern South Dakota and northwestern Iowa, USA. We
predicted the highest density of potential roosts and the highest activity of bats to occur in the oldest age class.
Contrary to our predictions, and previous work in aspen dominated upland sites, we found that the density of
potential roosts was not significantly different between mature and old stands. However, there were no potential
roosts in young stands. Data from guano traps verified the use of a number of cavities in both mature and old
stands. Both commuting and foraging activities were highest in the mature, relative to the old and young stand.
In total, our data indicate that mature and old stands represent high quality roosting habitat, with the mature
being used preferentially for commuting and foraging. Trees in the oldest stands, however, are nearing the end
of their lifespan and falling. Younger cohorts must therefore be retained for future recruitment of natural
cavities.

Key words: Chiroptera, cavities, cottonwoods, forest age, habitat use, riparian forest, roost site availability



INTRODUCTION

While foraging habitats are a key re-
source for bats (Kunz and Fenton, 2003),
foraging behaviour with respect to habitat
selection has received less attention than
most other aspects of bat ecology, such as
roosting behaviour (Brigham, 2007). The
level of insect activity should be an indica-
tor of where insectivorous bats forage, but
insect activity and abundance are subject to

a number of climatic variables. For exam-
ple, because insects are ectotherms, both
their abundance and activity are known to
change in response to temperature (Mellan-
by, 1939; Taylor, 1963; Bale, 1991), precip-
itation (Wolda, 1988), and vegetation struc-
ture (Haddad et al., 2001). As a result, the
activity of insectivorous bats should like-
wise be influenced (albeit indirectly) by
such environmental variability. As insect
community composition (species present/
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The influence of a local temperature inversion on the foraging
behaviour of big brown bats, Eptesicus fuscus

DEVIN ARBUTHNOTT1, 2 and R. MARK BRIGHAM1

1Department of Biology, University of Regina, Regina, Saskatchewan, Canada
2Corresponding author: E-mail: darbuthn@sfu.ca

To maximise foraging efficiency, it is reasonable to expect animals to forage in the highest quality patches.
Insectivorous bats should therefore travel to and forage at sites with the highest insect abundance. Since insects
are ectothermic, their levels of activity should be higher in warmer areas, making these high quality patches for
bats. A nightly temperature inversion occurring in the Cypress Hills (Saskatchewan, Canada) presented an
opportunity to test our hypothesis that big brown bats (Eptesicus fuscus) select foraging sites based on
temperature as a proxy for insect abundance. If temperature is an important determinant of the foraging
behaviour of E. fuscus, we expect bats to forage in the warmest site closest to local night roosts. We tracked 
18 bats for a total of 111 nights over two years and found that individuals often spent at least some of each
foraging bout in an area where the temperature inversion was small or non-existent. Bats sometimes travelled
up to 11 km to reach this site. Foraging in areas where the temperature inversion was small provides indirect
evidence that local temperature fluctuations are not a major influence on the selection of foraging area by 
E. fuscus. Also, since there was little difference in the temperature between the nearby predicted foraging sites
and actual foraging sites, we argue that the effect of temperature on insect activity cannot be used to predict
foraging habitat selection by these bats. We found that the insect community of the foraging area was different
than that of the roosting area, and that beetles were more abundant in the foraging site. Our data suggests that
insect community composition is potentially a stronger direct influence on bat foraging behaviour than is
temperature.

Key words: Eptesicus fuscus, foraging behaviour, foraging site selection, environmental variables, insect 
community, foraging range



INTRODUCTION

Bats are an important component of
many tropical ecosystems, where they ex-
hibit high species richness, significant di-
versity of diets and habits, and a diversity of
mutualistic interactions with plants as well
as predatory relationships with other ani-
mals (Findley, 1993; Kalko, 1998). Phyllo-
stomidae is the largest family endemic to
the New World, with 53 genera and 141 spe-
cies (Wetterer et al., 2000), and it exhibits

more variation in ecological features than
any other family of bats (Nowak, 1994).
Members of this family have modifications
for insectivory, sanguivory, omnivory, fru-
givory and nectarivory. They may be key-
stone species in Neotropical ecosystems be-
cause of their functions as pollinators, seed
dispersers and predators of invertebrates
and small vertebrates (Findley, 1993).

With 56 extant species, bats represent
approximately 75% of the native mam-
mals of the West Indies (Varona, 1974). 
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Habitat use by phyllostomid bat assemblages in secondary forests of 
the ‘Sierra del Rosario’ Biosphere Reserve, Cuba

CARLOS A. MANCINA1, 2, LAINET GARCÍA-RIVERA1, and RENE T. CAPOTE1

1Instituto de Ecología y Sistemática, Carretera de Varona km. 3½, Capdevila, Boyeros, A.P. 8029 C.P. 10800,
Ciudad de La Habana, Cuba

2Corresponding author: E-mail: mancina@ecologica.cu

Using mist-nets, we studied the composition of bat assemblages in four distinct secondary habitats of the Sierra
del Rosario Biosphere Reserve, Cuba. For each individual captured we recorded reproductive condition, seeds
in feces, and pollen species. Of the 550 bats captured during 41 nights of sampling, 97% belonged to six species
of Phyllostomidae, and 88.7% belonged to just three: Artibeus jamaicensis, Phyllonycteris poeyi and
Monophyllus redmani. The total number of captures varied among the four sites, being higher in the two more
disturbed sites although this may have been an artifact of the use of ground-level mist-nets in vegetation of
different structure. However the higher capture frequencies found in these sites could be related to the
availability of understory fruits and the less dense understory vegetation too, allowing some species to exploit
resources farther from forest edges. On three sites, the captures included a common large frugivore, two
common nectarivores, and two uncommon species. The species composition of these assemblages resembled
that observed in previous studies in the better-conserved core zone of the Biosphere Reserve. This implies that
food availability and vegetation structure might be more important influences than the conservation level of
vegetation on the composition and structure of assemblages of Cuban phyllostomids. In spite of the reduced
diversity of the assemblage we studied compared with mainland assemblages, the relative abundances of Cuban
bats tend to be higher than some continental ones. This could be related to lower bat diversity and a higher
degree of gregariousness of the Cuban phyllostomids.

Key words: bat assemblages, Cuba, food habits, night activity, phyllostomids, reproduction activity, secondary 
habitats



INTRODUCTION

The use of indicator species and taxa to
evaluate the degree of disturbance to a land-
scape has been widely discussed (Watt,
1998; Rolstad et al., 2002; Lindenmayer et
al., 2006), and their usefulness in the con-
text of conservation and management has
been satisfactorily demonstrated (Chase et
al., 2000). To be a good indicator, a taxon
must be abundant and diverse, as well as re-
sponsive to changes to the environment in 
a predictable and quantitative way. It is also
desirable for it to have a wide geographic
distribution and that abundant captures re-
sult from sampling effort (Noss, 1990).

For bats it has been suggested that the
family Phyllostomidae could be useful as an
ecological indicator in the neotropics, ow-
ing to the great diversity and abundance of
its species and the different responses they
display in the face of disturbances. It has
been indicated that the richness and abun-
dance of subfamily Phyllostominae is great-
er in vegetation with a lesser degree of dis-
turbance, while a greater abundance of 
species belonging to subfamilies Stenoder-
matinae, Carolliinae and Glossophaginae
has been recorded in secondary vegetation.
These patterns appear to be associated with
changes in the composition and structure of
the vegetation that result from disturbance
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Quantifying phyllostomid bats at different taxonomic levels as
ecological indicators in a disturbed tropical forest

ALEJANDRO A. CASTRO-LUNA1, VINICIO J. SOSA1, 2, and GONZALO CASTILLO-CAMPOS1

1Departamento de Ecología Aplicada, Instituto de Ecología, A.C., A.P. 63, Xalapa 91000, Veracruz, 
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With the aim of quantitatively evaluating the usefulness of phyllostomid bats as ecological indicators, we
compared intra-family levels and feeding guilds between tropical old-growth forest and patches of secondary
vegetation growing where the land had been used for shifting agriculture. There were significant differences
between vegetation types in bat species composition, with the frugivore guild most abundant in secondary
vegetation and the animalivore guild most abundant in the old-growth forest. These results are congruent with
the findings for other Neotropical zones and appear to be associated with the type of soil management that
allows secondary vegetation to grow. Using the Indicator Value method, two subfamilies, five genera and five
species were found to have a significant indicator value. However, these numbers only represent a small
proportion of the five subfamilies, 20 genera and 28 species recorded, indicating that under the disturbance
conditions that characterize the study area, phyllostomid bats were poor ecological indicators. Even so, some
species and subfamilies are useful as disturbance detectors.

Key words: assemblages, indicators, Phyllostomidae, shifting agriculture



INTRODUCTION

Frugivorous bats in forests feed mostly
on fruits and nectar (Fleming, 1993;
Banack, 1998; Tan et al., 1998). Previous
studies have showed that fruit-eating bats
play an important role in seed dispersal
(Heithaus et al., 1975; Fleming, 1981;
Fleming and Heithaus, 1981; Cox et al.,
1991; Estrada et al., 1993) and interchange
of seeds among different forest patches, 
a process necessary for recruitment in 

fragmented and/or disturbed habitats (Ga-
letti and Morellato, 1994; Whittaker and
Jones, 1994). 

Even though frugivorous bats have at-
tracted the attention of researchers for many
years, little is known about their feeding be-
havior; when and where the bats disperse
seeds may affect germination or seedling
survival (Corlett, 1998; Godínez-Alvarez
and Valiente-Banuet, 2000; Elangovan et
al., 2001). For example, the greater short-
nosed fruit bat, Cynopterus sphinx (body
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Temporal and spatial patterns of seed dispersal of Musa acuminata
by Cynopterus sphinx
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The foraging behavior of greater short-nosed fruit bats (Cynopterus sphinx) on wild banana (Musa acuminata)
and subsequent dispersal of seeds were studied in the Tropical Rainforest Conservation Area, Xishuangbanna
Tropical Botanical Garden, Yunnan province, by direct observation of marked fruits, mist netting, and seed
collection. The mean number (± SE) of individual C. sphinx captured by mist net were 2.2 ± 0.33/day and 
1.4 ± 0.32/day in the rainy season (September to October) and dry season (November to December),
respectively; the difference was not significant. The number of seed pellets expelled was 9.0 ± 1.12/day and 
7.2 ± 1.37/day in the rainy and dry seasons respectively; again the difference was not significant. The removal
curves for marked fruit were similar for 10 focal trees. Fruits were consumed heavily within two weeks after
ripening and all the marked fruit were removed within one month. The difference in seed dispersal was
significant between different feeding roosts indicating that patterns of seed dispersal may not be uniform. We
found the seeds of M. acuminata can be dispersed by C. sphinx to a distance of about 200 m, and C. sphinx can
be considered as an effective seed disperser of M. acuminata.

Key words: Cynopterus sphinx, Musa acuminata, feeding, seed dispersal, China



INTRODUCTION

Most of the Old World fruit bats (Ptero-
podidae) are generalist foragers, whereas
most of the New World fruit bats (Phyllo-
stomidae) are specialist foragers (Fleming,
1993; Banack, 1998). This difference in for-
aging strategy may be explained by differ-
ences in food availability. The forests in the
Old World are usually less diverse, with
more patchy distribution of food resources,
than forests in the New World (Fleming et
al., 1987; Fleming, 1993).

Natural cycles of food availability de-
pend primarily on plant phenology and 
climatic zones. However, the food re-
sources available to wildlife have also been

modified by human activities. The world-
wide progress of urbanization has decreased
food availability by replacing native forests
with human residential areas. It has also
caused the replacement of native flora with
cultivated garden and agricultural plants.
On the other hand, many planted trees in-
crease food availability in some circum-
stances. Fruit bats have been shown to fre-
quently use agricultural and garden plants 
in urban areas (Parry-Jones and Augee,
2001; Markus and Hall, 2004; McDonald-
Madden et al., 2005; Williams et al., 2006),
and it seems likely that urbanization has 
similarly affected the diet of flying-foxes.
Changes in food availability resulting from
urbanization can provide clues about how
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Food habits of Orii’s flying-fox, Pteropus dasymallus inopinatus, in
relation to food availability in an urban area of Okinawa-jima Island,

the Ryukyu Archipelago, Japan
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The diet of the Orii’s flying-fox, Pteropus dasymallus inopinatus, a subspecies of the Ryukyu flying-fox, was
investigated on Okinawa-jima Island, Japan. The Orii’s flying-fox is a generalist forager that feeds on 78 plant
species from 62 genera and 43 families. They consume fruits of 53 species, flowers of 20 species, and leaves of
18 species. Cultivated or naturalized plants composed almost half of the diet. Diversity in the diet may be an
adaptation to unstable food conditions on this small subtropical island. The number of individual Orii’s flying-
foxes fluctuated greatly corresponding to monthly changes in food availability, especially that of Ficus
microcarpa, which was the animal’s main food resource throughout the year. Orii’s flying-foxes may adapt to
an urban environment by intensively using areas with abundant planted trees.

Key words: food habits, foraging strategy, Okinawa-jima Island, Pteropus dasymallus inopinatus, Ryukyu 
flying-fox, urbanization



INTRODUCTION

Bats play an important role in vegetation
succession, plant distribution, and commu-
nity structure in the Neotropics (Fleming
and Heithaus, 1981; Fleming, 1982; Kalko,
1997) due to their significance in seed dis-
persal (Charles-Dominique, 1986; Gorchov
et al., 1993). This is especially important
because many plants dispersed by bats are
pioneer species such as Cecropia spp., Sola-
naceae, and Piper spp. Knowledge of bat
diet may help management practices to ac-
celerate successional processes in disturbed
areas and/or small reserves such as those
found in the southeastern Atlantic forest 

region and to conserve the bats and other
frugivores in these areas. 

In Brazil, information on fruit consump-
tion or frugivorous bats’ diet is still scarce
and scattered (e.g., Reis and Guillaumet,
1983; Uieda and Vasconcellos-Neto, 1985;
Marinho-Filho, 1991; Willig et al., 1993;
Pedro and Taddei, 1997; Bizerril and Raw,
1998; Coelho and Marinho-Filho, 2002;
Mikich, 2002). More recently, a number of
studies on bat communities have been pub-
lished, yielding additional data on feeding
habits (e.g., Bernard, 2002; Passos et al.,
2003; Zortéa, 2003). 

Considering the size and diversity of
Brazil, a lot of work remains to be done in
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Bat frugivory in a remnant of Southeastern Brazilian Atlantic forest
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Knowledge of bat diets may be important for the conservation of small Atlantic Forest fragments because these
animals play an important role in seed dispersal and natural recovery of tropical forests. The ‘Reserva Particular
do Patrimônio Natural Feliciano Miguel Abdala’ (RPPN-FMA) is a 886-hectare Atlantic forest fragment
consisting of a mosaic of distinct successional phases resulting from logging and natural causes, in the state of
Minas Gerais, Brazil. We collected 216 fecal samples containing blood, arthropods, pollen-nectar, vegetation
(leaflets and fruit peel), fruit pulp (fibers and juice) and seeds, from 18 bat species at the RPPN-FMA.
Piperaceae, Solanaceae, Cecropiaceae, and Guttiferae were the most important food resources for frugivorous
bats at RPPN-FMA. Piper infrutescences were consumed by Artibeus obscurus, A. fimbriatus, Carollia
perspicillata, and Sturnira lilium throughout the year, functioning as key species, as already observed for other
tropical rainforest sites.

Key words: Atlantic forest, Carollia perspicillata, conservation, diet, fragmentation, key species, Piper, 
Sturnira lilium



INTRODUCTION

Connectivity between communities is
maintained by the redistribution of biomass,
often by mobile animals that consume re-
sources in one habitat and subsequently re-
produce, urinate, and/or defecate in other
habitats. This transfer of organic material
affects the nutrient budget of a community
and influences population and food web 
dynamics. In terrestrial habitats, mobile 
animals such as mammalian herbivores
(McNaughton, 1985) and birds (Weir, 1969)
transport substantial quantities of biomass
between communities. Allochthonous input
of nutrients such as nitrogen and phospho-
rus, which are found in relatively high con-
centrations in bird guano, increases primary

productivity in terrestrial ecosystems by en-
hancing the quality and quantity of vegeta-
tion (see Polis et al., 1997). Nutrient input
through guano deposition by seabirds has
also been shown to increase the abundance
of organisms such as detritivorous beetles
on islands used by roosting seabirds (Sán-
chez-PiZero and Polis, 2000).

In addition to its effects on primary 
and secondary productivity, allochthon-
ous nutrient input can also influence com-
munity structure. For example, the presence
of birds and nutrient-rich guano signifi-
cantly alters the structure of intertidal com-
munities by enhancing algal growth and 
settlement of invertebrates in dense algal
mats (Bosman and Hockey, 1986). Such
consumer-driven nutrient recycling via 
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Composition of guano produced by frugivorous, sanguivorous, 
and insectivorous bats
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Bat guano supports an assemblage of organisms that varies depending on the species of bat producing it. To
determine whether these differences in community structure may be due to differences in guano composition,
we analyzed guano from frugivorous (Pteropus rodricensis), sanguivorous (Desmodus rotundus), and
insectivorous (Tadarida brasiliensis) bats. We found no differences among species in organic matter or lipid of
guano. Desmodus guano contained more carbon (C) than Pteropus guano. The latter contained less nitrogen (N),
and the former contained less phosphorous (P) than guano of the other two species. Pteropus guano had a higher
C:N ratio, and Desmodus guano had higher N:P and C:P ratios than the other two species. These differences in
guano composition suggest that guano from bats in different feeding guilds may affect ecosystem structure and
dynamics differently.

Key words: Chiroptera, frugivorous, insectivorous, sanguivorous, guano, composition, carbon,  nitrogen, 
phosphorus,  stoichiometry



INTRODUCTION

Noninvasive genetics is becoming an in-
creasingly valuable tool in population biol-
ogy, but obtaining good DNA from nonin-
vasive material is still a challenge. Various
methods have been used to extract DNA
from faeces (see Eggert et al., 2005 for a re-
view) in a large variety of mammals (i.e.,
brown bear — Taberlet and Bouvet, 1992;
dugong — Tikel et al., 1996; seel — Reed
et al., 1997; wombat — Banks et al., 2003;
bats — Vege and McCracken, 2001; Zinck
et al., 2004; Carter et al., 2006). The choice
of the extraction method is very important
in noninvasive genetics (Eggert et al., 2005)
as a non efficient method would furnish
costly (many PCR replicates needed) and

most probably unreliable results (inaccu-
rate consensus genotypes) mainly because
of high Allelic DropOut (ADO) and False
Allele (FA) rates (for a review on geno-
typing errors — see Pompanon et al., 2005).
On the contrary, an efficient extraction
method should provide reliable consensus
genotypes with as few PCR replicates as
possible.

We recently started a project on the con-
servation biology of the lesser horseshoe 
bat (Rhinolophus hipposideros) in Britta-
ny. One aim of this project was to set up 
reliable noninvasive genotyping methods in
this species. We first used the protocol pub-
lished by Vege and McCracken (2001) to
extract DNA from droppings, but it did not
yield DNA of good quality in our species. In
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Good DNA from bat droppings
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Amplification of a mitochondrial DNA fragment was used to compare the efficiency of five methods for
extracting DNA from bat droppings. The Qiagen DNA Stool Kit, which yielded > 90% mtDNA amplification
success, was chosen to extract DNA from 586 samples taken over two years in three French colonies of the
lesser horseshoe bat (Rhinolophus hipposideros). Samples, for which mtDNA amplification was successful,
were subject to the multiplex amplification of eight microsatellite loci. This resulted in > 95% amplification
success over 12,592 PCRs. Allelic dropout (ADO) and false allele (FA) rates were low, and consequently,
sample and locus quality indexes (QI) were high. These results demonstrate that large scale noninvasive studies
of bat colonies are possible. 

Key words: Chiroptera, error rate, faecal DNA extraction, microsatellite, mtDNA, noninvasive sampling, 
Rhinolophus hipposideros



INTRODUCTION

The common pipistrelle (Pipistrellus pi-
pistrellus sensu lato) has been considered 
a very common bat species in Europe (e.g.,
Jones, 1999). The use of bat detectors dur-
ing last decades indicated the existence of
two distinct phonic types (45 and 55 kHz)
within this taxon (Ahlén, 1981; Miller and
Degn, 1981; Weid and von Helversen, 1987;
Zingg, 1990). Subsequent genetic differ-
ences found in the nucleotide sequences 
of the cytochrome b gene (cytb) reveal-
ed that the common pipistrelle in fact 
comprised two distinct species, Pipistrellus

pipistrellus (Schreber, 1774) and Pipistrel-
lus pygmaeus (Leach, 1825) (Barratt et al.,
1995, 1997). Nowadays this species-com-
plex has come to represent one of the most
comprehensive models for the study of
cryptic variation in Palearctic bats (Hulva et
al., 2004). The colonization history of the
European continent and the current allo-
patric or sympatric distribution of these two
taxa (Barratt et al., 1997; Mayer and von
Helversen, 2001; Benda et al., 2003; Hulva
et al., 2004) suggest species-specific dif-
ferences in ecological requirements of both
species (e.g., Barlow and Jones, 1999; Bar-
tonièka and Øehák, 2004; Davidson-Watts
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A rapid PCR-based test for species identification of two cryptic bats
Pipistrellus pipistrellus and P. pygmaeus and its application 

on museum and dropping samples

PETER KAÒUCH1, 2, 4, PETRA HÁJKOVÁ1, ZDENÌK ØEHÁK3, and JOSEF BRYJA1, 3

1Institute of Vertebrate Biology, Academy of Sciences CR, CZ-675 02 Studenec 122, Czech Republic
2Institute of Forest Ecology, Slovak Academy of Sciences, Štúrova 2, SK-960 53 Zvolen, Slovakia

3Institute of Botany and Zoology, Faculty of Science, Masaryk University, Kotláøská 2, CZ-637 01 Brno,
Czech Republic
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The identification of two cryptic bat species of the genus Pipistrellus using a non-destructive and quick method
of multiplex PCR and agarose gel electrophoresis is described. Two primer combinations were able to produce
species-specific bands that identified reliably individuals that were previously identified by mtDNA sequencing.
Robustness of the method was subsequently successfully tested on 16 randomly selected free-living animals
from central Europe (tissue samples obtained from a 3 mm punch of wing-membrane) identified to species on
the basis of echolocation calls. Nine out of 15 museum specimens and 100% of fresh faecal samples from seven
individuals were also successfully identified by this method. The described method thus provides a good way
to routinely distinguish two Pipistrellus species by using non-destructive sampling of living individuals or
droppings, and will be used in field studies of their ecology.

Key words: Chiroptera, cytochrome b, mtDNA, sibling species, non-invasive sampling



INTRODUCTION

The first recorded European bat rabies
case was reported in Hamburg, Germany 
in 1954 (Schindler and Denning, 1958);
over the following 30 years several ad-
ditional cases were identified (King et al.,
2004). All these cases were seen as rare in-
cidences with virtually no public health rel-
evance. The intensified screening for rabies
virus in European bats started in the se-
cond half of 1985 when a woman in Den-
mark was bitten by a serotine bat (Eptesicus

serotinus). The animal tested positive for 
rabies virus and an additional 33 animals
were examined that same year of which
nine were also shown to be rabies-positive
(Mollgaard, 1985). Since then, more than
800 rabies-positive bats have been reported
from many European countries to the end of
2005 (Fig. 1). In recent times, many publi-
cations have appeared on the causative
agents of European bat rabies, especially
concerning their genetic characterization
and phylogenic relationship (Amengual et
al., 1997; Fooks et al., 2003; Davis et al.,
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European bat lyssaviruses — an ecological enigma
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The first European case of bat rabies was reported in 1954. Since then, more than 800 cases have been
confirmed from 13 countries. The causative agents are European Bat Lyssavirus Type-1 (EBLV-1) and Type-2
(EBLV-2). The natural host of EBLV-1 seems to be the serotine bat (Eptesicus serotinus) with more than 
95% of all cases reported in this species. Although much fewer EBLV-2 cases have been identified, it seems 
that Myotis dasycneme and M. daubentonii are likely to be the principal hosts’ species for this virus. The
ecological mechanisms underlying the transmission of EBLV-1 and EBLV-2 are still poorly understood. In order
to assess the public health risks associated with EBLVs and the implications for bat conservation, some issues
need urgent clarification. In this review some of the most pressing topics will be addressed. Only collaboration
between a range of disciplines that include virologists, epidemiologists and bat conservationists will be able to
elucidate some of these unanswered questions.

Key words: Chiroptera, rabies, EBLV-1, EBLV-2, ecology



INTRODUCTION

Many species of bats roost in trees for 
at least part of the annual cycle. Conser-
vation of forest habitat is important to bat
management; however, management of 
appropriate habitat for bats is logistical-
ly problematic, partly because of current
paradigms used for describing bat roosting
habitat. Generally, studies are designed to
report the characteristics of known roosts
that are unique compared to those available.
Such studies are important to bat ecology,
but they do not answer the ultimate ques-
tion of why bats choose a particular roost 
at a given time. Some authors speculate
about the causal factors in roost selection,
but the experimental design of most studies

is not appropriate to determine why bats
chose a particular roost. My purpose here 
is to suggest that in addition to studies
aimed at answering the proximate ques-
tion of what characteristics describe roosts,
studies should also be designed to answer
the question of what ultimate factors are 
important in roost selection. Herein, I fo-
cus on the measurement of microclimate 
as a causal factor in roost selection be-
cause it universally affects roost selection;
however, each species may use several 
other factors in determining roost selection
(e.g., sociality, predation risk). I use the
term ‘roost’ to mean any location used 
by bats at some time during the annual cy-
cle, regardless of occupancy at the time of
measurement. 
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Describing roosts used by forest bats: the importance of microclimate

JUSTIN G. BOYLES

Center for North American Bat Research and Conservation, Department of Ecology and Organismal Biology,
Indiana State University, Terre Haute, 47809 USA; E-mail: jboyles3@indstate.edu

Adequate descriptions of roosting habitat are vital to the management and conservation of bats. However, most
studies on bat roosting preference report only structural characteristics of roosts and surrounding habitat, and
ignore potentially important factors in roost selection. I argue that the current methods for describing the
roosting habitat of tree-roosting bats can be improved, and that more emphasis should be placed on designing
studies to determine why bats choose particular roosts. Herein, I focus on measuring microclimate in roosts
because it universally influences habitat selection. Specifically, roost temperature is easily measured and is
likely an important microclimate variable used by bats in roost selection. Variation in structural characteristics
of roosts is often assumed to correlate with variation in microclimate of the roost; however, empirical data are
too scarce to verify this assumption. I suggest improvements to the current methods of describing roost
characteristics and suggest the inclusion of new methods to describe microclimate. In summation, I argue that
there are methods of measuring roost characteristics that may be beneficial to use in conjunction with the
methods currently being used, and that microclimate should be considered when designing future studies.

Key words: Chiroptera, habitat selection, study design



Acta Chiropterologica, 9(1): 305–322, 2007
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

SHORT NOTES

Winter feeding by bats in Missouri
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Nycticeius humeralis

INTRODUCTION

Insectivorous bats in northern temperate
areas hibernate during winter to conserve
energy when little or no food is available.
However, hibernating bats periodically
arouse, presumably to allow biochemical or
physical events to occur during subsequent
euthermic periods (Park et al., 2000). This
is an energetically expensive act and fre-
quent arousals without energy replace-
ment result in rapid mass loss during win-
ter months leaving insufficient reserves 
for thermoregulation (Thomas et al., 1990;
Dunbar and Tomasi, 2006). 

Winter activity of bats is relatively com-
mon and the nature of that activity varies
among species (Boyles et al., 2006). My-
otis lucifugus, Myotis septentrionalis and 
a few eastern Pipistrellus subflavus were
captured from November through March 
in Indiana (Whitaker and Rissler, 1992;
Whitaker et al., 1997). Although active,
Whitaker and Rissler (1993) and Whitaker
et al. (2004) have shown that these species

did not feed in winter in this area.
Individuals of Lasiurus borealis have been
observed in flight from November through
February in Illinois, West Virginia, Min-
nesota and Missouri (Davis and Lidicker,
1956), and Indiana (Mumford, 1973). In 
addition, L. borealis and Nycticeius hu-
meralis have been captured in Missouri
throughout these months (Boyles and Rob-
bins, 2006). As indicated by the fresh food
found in their digestive tracts, L. borea-
lis continues feeding throughout winter in
Indiana (Mumford, 1973) and near the
North Carolina/Virginia border (Whitaker et
al., 1997). 

Eptesicus fuscus is also active during
winter and has been reported moving
among hibernacula (Phillips, 1966; Whit-
aker and Gummer, 1992) and copulating af-
ter arousal from hibernation (Muir and
Polder, 1960). There are several winter re-
cords of Lasionycteris noctivagans (Cowan,
1933; Beer, 1956; Pearson, 1962; Izor,
1979; Barclay, 1984; Cryan, 2003); how-
ever, few focus on winter activity and there
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The diet of Myzopoda schliemanni, a recently described Malagasy endemic, 
based on scat analysis
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INTRODUCTION

Recent research on the bats of Mada-
gascar has revealed many interesting as-
pects associated with the island’s fauna, in-
cluding several new species to science. One
of the more extraordinary discoveries has
been the description of a new species of the
endemic family Myzopodidae (Goodman et
al., 2007), which was previously thought to
be monospecific and rare (Schliemann and
Maas, 1978; Hutson et al., 2001). This new
taxon, Myzopoda schliemanni, is known
from sites in the central western lowlands,
where the original vegetation is dry decidu-
ous forest, while its congener, M. aurita, 
occurs in the more mesic lowland portions
of the east. Both of these species are mor-
phologically similar in possessing sucker-
like structures attached to the thumb and
hind foot. On the basis of current informa-
tion, Myzopoda spp. use these structures 
in climbing smooth surfaces, ranging from
plant leaves such as Ravenala (family Stre-
litziaceae) to rock surfaces and are not 
forest-dependent (Göpfert and Wasserthal,
1995; Schliemann and Goodman, 2003; Ko-
foky et al., 2006; Goodman et al., 2007). 

In their description of M. schliemanni,
Goodman et al. (2007) noted that little was
known about the ecology of this animal, in-
cluding diet. The only previous such infor-
mation for members of this genus was for
M. aurita, based on the scats of a single 
individual (Göpfert and Wasserthal, 1995).

Subsequent fieldwork conducted in west-
ern Madagascar since the paper of Good-
man et al. (2007) was completed, found 
M. schliemanni common in certain areas.
Herein we present information on the di-
etary regime of this species based on scat
analysis, a subject for which little other in-
formation has been previously available in
general for Malagasy Microchiroptera (Ra-
zakarivony et al., 2005; Andrianaivoarivelo
et al., 2006).

MATERIALS AND METHODS

In mid-October 2005 the Andranomanitsy Forest,
24.5 km north of Besalampy in the Mahajanga 
Province of western Madagascar was inventoried.
This site, located at 16°31’28”S, 44°29’23”E, 35 m
a.s.l., is in close vicinity to a largely intact dry decid-
uous forest and immediately adjacent to an exten-
sive marsh system, the latter dominated by Ravena-
la madagascariensis and Raphia farinifera (family
Arecaceae). 

During the night of 19 October 2005, three 12 m
mist nets (36 mm mesh) were installed traversing the
marshy area with standing pools of water. The fol-
lowing night, two mist nets of the same specifications
were set up in a similar habitat about 750 m from the
earlier site. Mist nets were continuously monitored
from sunrise to around 21:00 h, revisited on several
occasions during the night, and then remonitored
from 3:30 h to sunset. Captured bats were removed
from the net and individually placed in clean light
cloth sacks for at least 2 h before being processed.
Fecal pellets accumulated in each sack were placed in
vials, preserved in ethanol, and each sample received
a unique field number. 

In the laboratory, the scats of each captured in-
dividual were placed in a shallow petri dish with
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Food sharing behavior in the hairy-legged vampire bat Diphylla ecaudata
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INTRODUCTION

Diphylla ecaudata is one of three extant
vampire bat species. It has a tropical distri-
bution, occurring in Mexico from southern
Tamaulipas through the Gulf of Mexico
coastal states, and continues to Central
America and South America to the central
part of Brazil. This species inhabits caves
and mines. Relative to Desmodus, Diphylla
is considered to be rare and its populations
small in size – with no more than 50 to 70
individuals (Greenhall et al., 1984; Uieda,
1996; Elizalde-Arellano, 2003), although
one population of 500 individuals was re-
ported from the state of Puebla, Mexico
(Medellín and López-Forment, 1986).

Diphylla ecaudata is the most special-
ized vampire bat species, feeding exclusive-
ly on bird’s blood while their prey sleep
among the branches of the trees (Villa-R.,
1967; Villa-R. et al., 1969; Altenbach,
1988; Greenhall, 1988; Uieda, 1992; Uieda
et al., 1992; Schutt and Altenbach, 1997).
Because of the scarcity of these bats, there
are few studies about their basic biology
(Dalquest, 1955; Villa-R., 1967; Uieda,
1996; Elizalde-Arellano, 2003). As a result,
their social behavior and the relationships
among the individuals of a colony are poor-
ly understood.

Because of the sanguivorous food habits
of D. ecaudata, we predict that roost mates
will share blood with conspecifics who fail
to find prey as does the common vampire
bat (Desmodus rotundus) (Wilkinson, 1984,
1988b; Altringham, 1996). This altruistic
behavior has been widely studied in D. ro-
tundus. It has an important role in their 
social system because it involves the recog-
nition of bats that share blood and paren-
tal care when a mother or older sibling 
feed young (Mills, 1980; Schmidt et al.,
1980; Wilkinson, 1984, 1985, 1986, 1987,
1988a, 1988b; Schmidt, 1988; Denault and
McFarlane, 1995; Altringham, 1996; Kunz
and Hood, 2000). However, there are no
published observations of this behavior for
D. ecaudata. Here we describe observations
that document for the first time this behav-
ior in this species.

MATERIALS AND METHODS

We made our observations in Quintero Cave
(22°38’N, 99°02’W) in the Neotropical region of the
Sierra Madre Oriental, south of Tamaulipas, México
(Russell and Raines, 1967). The cave is 522 m long,
has a 7-m wide skylight 95 m from the entrance, and
has many lateral chambers with variable water con-
tent depending on the dry or wet season. The cave was
an active phosphorite mine (no longer in use), so its
main tunnel is highly modified to allow access for
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First record of seasonal over sea migration of Miniopterus schreibersii
and Myotis capaccinii between Balearic Islands (Spain)
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INTRODUCTION

Temperate bats have different require-
ments depending on the season of the year,
a fact that causes many species to change
refuges. The Schreibers’ bat (Miniopterus
schreibersii) and the long-fingered bat (My-
otis capaccinii) are two regional migrant bat
species, with a relatively fast flight, whose
seasonal displacement distances vary wide-
ly. These species move between warm sum-
mer roosts, commonly located in areas rich
in food resources, and winter quarters,
whose main features are high humidity and
rather low and relatively constant tempera-
tures (Serra-Cobo, 1990, 1992). Seasonal
movements of M. schreibersii are among
the most studied in European bats (Balcells,
1962; Heymer, 1964; Roer, 1967; Aellen,
1983; Palmeirim and Rodrigues, 1995;
Jeantet and Gory, 1997; Paunovic, 1997a,
1997b, 1998; Gaisler et al., 2003). The av-
erage length of distances covered verified 

in north-east Spain, between winter and
summer shelters, is 120 km (Serra-Cobo 
et al., 1998). Seasonal displacements of 
M. capaccinii are little known. The few
studies carried out indicate that this species
makes short distance movements (40–50
km) between shelters (Paunovic, 1997a,
1997b, 1998; Paunovic and Karapandza,
1999). The longest documented distance for
M. capaccinii is 140 km (Hutterer et al.,
2005). However, even less is known to date
about the displacements these species carry
out on the sea. Previous studies have report-
ed bat seasonal displacements over sea 
between Sweden and Germany, but only 
for long-distance migratory species such as 
Pipistrellus nathusii and Nyctalus noctula
(Gerell, 1987; Meinig, 2004). Exchanges
between bat colonies located in different is-
lands of an archipelago have not been con-
firmed, except in the Maltese archipelago,
where distances between the islands are
minimal (Hutterer et al., 2005). The present
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