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A review of the Murina cyclotis complex (Chiroptera: Vespertilionidae)
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Until recently, the taxon Murina cyclotis was considered to be a widespread species, albeit one that exhibited considerable
individual, sexual and geographical variation. Subsequently however, it was recognised that this taxon was in fact a complex
of species. As such, in 2012, two larger forms were recognised as separate and distinct species, namely: M. peninsularis in the
Sunda region and M. fionae in Laos and Vietnam. In the current paper, a new cryptic species of the cyclotis-complex is described
from peninsular Thailand based on a combination of external, craniodental and genetic differences. In addition, the population
previously referred to M. cyclotis from the Nicobar Islands is described as a new subspecies of this new species. Despite this
work and the research of others, the taxonomy of M. cyclotis still requires further study. The description of M. peninsularis is
emended and the extensive variation in its morphological characters is addressed. The diagnostic characters of each taxon, as well
as the additional data on ecology, zoogeography, distribution, echolocation and genetics, where available, are summarised and
discussed.
Key words: cryptic species, DNA barcode, Southeast Asia, taxonomy, tube-nosed bat, Thailand, zoogeography

INTRODUCTION
Francis et al. (2010) suggested that Southeast
Asian Murina have high cryptic diversity. Intensive field surveys using harp traps in forested areas,
coupled with more rigorous taxonomic analysis,
including genetic studies, support this suggestion.
The total number of the Murina species recorded
from the region is increasing rapidly such that to
date, 20 of the 34 species of Murina currently known
to science are from Southeast Asia (Simmons, 2005;

Francis, 2008; Csorba et al., 2011; Eger and Lim,
2011; Francis and Eger, 2012; Soisook et al., 2013).
Murina cyclotis Dobson, 1872, until recently,
was considered to be one of the most widely distributed species of the genus. As formerly understood
(sensu Corbet and Hill, 1992), it was thought to
comprise three subspecies: M. c. cyclotis from India
to mainland Southeast Asia; M. c. peninsularis Hill,
1964 from peninsular Thailand to Malaysia and
Indonesia; and M. c. eileenae Phillips, 1932 restricted to Sri Lanka. However, now it is regarded as
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A new Myotis species is described from Central Vietnam and adjacent area of Laos. The new species resembles smaller specimens
of the widespread South Asian Myotis muricola, though differs from it and from other small mouse-eared bats by a set of cranial
and external characters. Genetic analyses confirm that the new species is distinct from the other named forms of Asian Myotis.
Comparison of sequence diversity in the DNA barcode region of the COI gene among East Asian members of Myotis, highlighted
several taxonomic questions related to Asian ‘whiskered bats’, suggesting that common morphological diagnostic traits may be
shared by genetically divergent species.
Key words: Myotis, new species, South-East Asia, Vietnam, taxonomy, DNA barcoding

INTRODUCTION
The increasing volume of focused ecological and
taxonomic surveys of Chiroptera in Vietnam has enriched its bat species list by over 20% during the
past decade, with the present tally estimated at over
110 species (Borissenko and Kruskop, 2003; Can et
al., 2008). This was a result of both new geographic
records and descriptions of new species. Furthermore, recent biodiversity genomic approaches (e.g.,
Francis et al., 2010) have shown cryptic divergence
within traditionally recognized morphological species, suggesting the taxonomic diversity of Vietnamese bats to be substantially underestimated.
Myotis is the second largest genus within Mammalia, containing more than 100 extant species
(Simmons, 2005). Not surprisingly, it remains one
of the prominent taxonomic ‘hot spots’ both within
Vietnam and beyond. While the taxonomic hierarchy within Myotis was completely revamped in recent molecular studies (Ruedi and Mayer, 2001;
Stadelmann et al., 2007), many questions remain
unresolved concerning the alpha taxonomy of several species groups. In particular, the delineation of
species often remains challenging, especially in
tropical faunas. Recent descriptions of two new
species from East Asia (Borisenko et al., 2008;
Tiunov et al., 2011) reflect the fact that taxonomic

diversity within Myotis is still poorly known. This
taxonomic impediment, reinforced by the growing
number of collections and the limited curatorial attention they receive, calls for new taxonomic revisions and descriptions at both regional and global
scales.
Within Myotis, the ‘mystacinus’ morphological
group, colloquially referred to as ‘whiskered bats’,
is one of the key taxonomic ‘stumbling blocks’.
Traditionally, this group formed the bulk of the
morphologically ‘primitive’ subgenus Selysius
(Tate, 1941; Koopman, 1994), whose paraphyletic
nature was later shown in a series of molecular studies, leading to its abolishment (Ruedi and Mayer,
2001; Hoofer and Van Den Bussche, 2003; Stadelmann et al., 2007). Despite these systematic findings, many small Old World Myotis with mystacinus-like appearance are hard to distinguish in
the field (Dietz and von Helversen, 2004; Kawai et
al., 2006). The lack of proper revision within this
species group has resulted in the species epithet
‘mystacinus’ misapplied to specimens from mainland Southeast Asia (Bates et al., 1999; Kuznetsov,
2006; Francis, 2008) even after the Palaearctic
forms of M. mystacinus have been revised and split
into several species, and the range of the nominotypical form was shown to be restricted to Europe
(Benda and Tsytsulina 2000).
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The earliest diverging lineages in the subfamily Molossinae have not been well established. The genera Cheiromeles and
Mormopterus have been found in separate studies to be the oldest lineage, however no previous studies using a molecular approach
have included an analysis of sequence data from Cheiromeles and Mormopterus together in the same study. The objective of
this study was to test the hypothesis that recombination activating gene 2 (Rag2) sequence data support the basal divergence
of Cheiromeles in the Molossinae subfamily. Bayesian and Maximum Likelihood analyses of Rag2 sequences from 64 molossid
bats (representing 13 genera, 31 species) and five outgroup taxa (Antrozous pallidus, Myotis daubentoni, M. velifer, M. yumanensis,
and Natalus stramineus) obtained from GenBank resulted in the placement of Cheiromeles as the most basal lineage within
a monophyletic Molossinae. Mormopterus was placed as sister to the rest of Molossinae (excluding Cheiromeles).
Key words: Molossidae, phylogeny, Cheiromeles, Mormopterus, Rag2

INTRODUCTION
The family Molossidae Gervais, 1856 contains
approximately 100 species in 16 genera (Simmons,
2005), seven of which are Old World (Mops, Chaerephon, Platymops, Sauromys, Cheiromeles, Otomops, and Myopterus), seven New World (Promops,
Molossus, Eumops, Nyctinomops, Molossops, Cynomops, and Tomopeas), and two of which can be
found in both the Old World and New World (Mormopterus and Tadarida; Ammerman et al., 2012).
All of these genera are classified in the subfamily
Molossinae, excluding Tomopeas, which is in the
monotypic Tomopeatinae (Simmons, 2005). Many
new species have been recognized in this family
over the past eight years, bringing the total number
of species in the family up to 110 (Goodman and
Cardiff, 2004; Timm and Genoways, 2004; Eger,
2007; Goodman et al., 2008, 2010; Reardon et al.,
2008; Stanley, 2008; Baker et al., 2009; GonzálezRuiz et al., 2011). Members of the family Molossidae can be found in tropical and subtropical regions throughout the world and are characterized by
a free tail not enclosed in a tail membrane.
Bats within the family Molossidae are typically
difficult to capture, causing them to be comparatively underrepresented in museum collections around
the world (Ammerman et al., 2012). Before two

recent studies were conducted (Lamb et al., 2011;
Ammerman et al., 2012), few systematic analyses of
Molossidae had been completed and none have
included all of the genera in the family. Previous
studies involved phenetic morphological analyses
(Freeman, 1981; Legendre, 1984), analysis of skull
morphology (Freeman, 1981), examination of dental
morphology (Legendre, 1984), and a cladistic morphological analysis (Gregorin, 2000). These analyses showed a general lack of agreement in proposed
relationships.
The recent papers of Lamb et al. (2011) and Ammerman et al. (2012) used multiple genes in order to
elucidate the relationships of the members of this
family. Both studies used recombination activating
gene 2 (Rag2) in their analyses, but Ammerman et
al. (2012) did not include Rag2 sequence data for
any species of Mormopterus and Lamb et al. (2011)
did not include Cheiromeles in their study. Lamb et
al. (2011) found that Mormopterus was the most
basally divergent genus in the examined taxa. Using
a concatenated data set, Ammerman et al. (2012)
found that Cheiromeles was basally divergent within the family, but missing data for both Cheiromeles
and Mormopterus resulted in some uncertainty in
the recovered phylogeny. The objective of this study
was to test the hypothesis that Rag2 sequence data
support the basal divergence of Cheiromeles in the
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In July–August, 2012, a small collection of bats was made in the Republic of Congo. These 24 specimens represent 14 species, of
which eight (belonging to the Hipposideridae, Vespertilionidae and Miniopteridae), are new records for the country. The current
paper briefly describes the specimens, illustrates diagnostic characters to assist with future identifications, and provides insights into
their taxonomy. In addition, it reviews the literature records and provides distribution data for all 43 bat species, which are included
now on the country’s faunal checklist. Published collecting localities for bats in Congo are mapped and discussed both in terms of
their geographical distribution and in relation to the variety of habitats that have been sampled in the past. Based on the literature,
predictions are made about how many species of bat may be present in Congo. Recommendations are made for future bat research
and conservation in the country.
Key words: Republic of Congo, Brazzaville, new records, faunal checklist

INTRODUCTION
To date, relatively little has been published on
the bats of the Republic of Congo. The last detailed
review was by Dowsett et al. (1991). In that paper,
a summary of the country’s bat fauna, with a checklist of 34 species, was provided together with information on 14 bat species newly collected in the lower Kouilou basin and Mayombe region (Fig. 1, localities 4–6, 9–12, 14, and 16). Twenty-two years after
Dowsett, we seek to provide further information on
the fauna, including a detailed review of past collections and data on 14 species collected from Lekoumou Region (Fig. 1, loc. 29).
One of the earliest publications relating to Congo
bats (Congo = Republic of Congo, unless otherwise
stated) was written by Pousargues (1897). In the section on Chiroptera, he included 13 taxa, of which
three, all collected by M. Thollon in 1889 from
Brazzaville (Fig. 1, loc. 24), definitely originated from Congo (Appendix I and Table 1). A further
six species may have been found in country
(Appendices I and II). However, the exact provenance of these latter specimens is unclear since the

collector, M. de Brazza, provided only generalised
locality data, ‘Congo français’, which unfortunately
refers to both present day Congo and Gabon.
A subsequent paper by Allen et al. (1917), which
reported on the ‘American Museum Congo Expedition’, included an extensive collection of bats (794
bat specimens representing 65 species). However,
although the expedition passed through Congo, all
the material, with the exception of one record from
Cape Lopez in Gabon, was collected in what is today the Democratic Republic of Congo. It should
be noted in passing that Hayman et al. (1966), the
title of which suggests it might be relevant to
Congo, is also extralimital with no records from the
Republic of Congo.
Malbrant and Maclatchy (1949) in their work on
the fauna of French Equatorial Africa (= Gabon, Republic of Congo, Central African Republic, Chad
and Republic of Cameroon) discussed 47 bat species, for which they provided identification keys.
Fifteen of these taxa have precise localities that
clearly indicate that they originated from present
day Congo; 12 are new to the fauna of the country
(Appendix I and Table 1)). In addition, a further 16
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Several species complexes exist within the African representatives of the genus Hipposideros and the relationships between these
taxa are not yet well understood. We present evidence showing that at least seven species of Hipposideros co-occur at Mount Nimba
at the northern boundary of the Upper Guinean forest zone. The species H. lamottei has been misdiagnosed previously, partly as
a result of errors in published measurements. This taxon is currently known only from high-altitude grasslands in northern (Guinean)
Mount Nimba. Cytochrome b sequences and echolocation calls of this species, as well as for H. marisae, are presented for the
first time. Also, at least two different species groups, previously lumped in H. ruber, co-exist syntopically here. Mount Nimba
apparently represents a diversity hotspot for species of Hipposideros in West Africa, and as a result may be an important site for their
conservation.
Key words: cytochrome b, echolocation, Hipposideros, Mount Nimba

INTRODUCTION
The genus Hipposideros Gray, 1831 is widely
distributed in the tropical Old World with a high
diversity in Southeast Asia (Kingston et al., 2003;
Kingston, 2010). The genus occurs throughout
Africa, being particularly well represented in
tropical rainforests (Rosevear, 1965; Monadjem
et al., 2010). The systematics of African Hipposideros taxa is currently under debate, with cryptic
species being reported for several groups (Monadjem et al., 2010). One particularly problematic
group is the caffer (Sundevall, 1846)/ruber (Noack,
1893) complex (Hill, 1963; Fahr and Ebigbo, 2003),
which has recently been shown to comprise several sibling species (Vallo et al., 2008, 2011). Vallo
et al. (2008) proposed four basic phylogenetic
groups (labeled A to D) within this complex, with

the first three groups further divisible into subgroups: A1, A2, B1, B2, C1 and C2. These seven
groups represent at least five species and up to
three of them may occur sympatrically (Vallo et al.,
2008).
The Upper Guinean forests of West Africa harbour a diverse assemblage of Hipposideros species (Fahr and Kalko, 2011), including several that
appear on the IUCN threatened list (IUCN, 2012).
One species (H. lamottei Brosset, 1985) is endemic
to Mount Nimba (Brosset, 1985) and another (H. marisae Aellen, 1954) has a restricted distribution within the Upper Guinean forest zone (Rosevear, 1965;
IUCN, 2012).
Based on morphological considerations, the
endemic H. lamottei (IUCN, 2012) falls within the
caffer/ruber group (Brosset, 1985), but its phylogenetic affinities have not been investigated further
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The analysis of genetic diversity is routinely used to identify divergent intraspecific units and contribute to the knowledge base of
biodiversity. In this study we used mitochondrial genetic diversity to propose three management units (MUs) for the Davy’s nakedbacked bat (Pteronotus davyi), an insectivorous forest-dwelling species that is distributed in tropical and subtropical areas of
America. We analyzed a 555 bp segment of the mitochondrial DNA (mtDNA) control region in 144 individuals from 18 localities
spread across the species distribution range in Mexico. Our results demonstrated that the mitochondrial genetic diversity of P. davyi
is distributed in three MUs, namely Gulf North, Pacific-Veracruz and Southeastern, with conservation priority, due to either the high
mitochondrial genetic diversity or the high proportion of unique haplotypes, for the following populations: Playa de Oro, Arroyo del
Bellaco and Catemaco in the Pacific-Veracruz region, and Agua Blanca, Sardina, Calakmul, Calcehtok and Kantemó from the
Southeastern region. The Gulf North unit shows signs of the recent loss of genetic variability. These proposed conservation units
could be considered a generalized model of conservation for other species of cave-dwelling bats that share the same habitats.
Key words: conservation, control region, mtDNA, management units, Mexico, Mormoopidae

INTRODUCTION
Phylogeographic studies are very useful in identifying the principles and processes governing the
geographical distributions of genealogical lineages,
especially those at the intraspecific level (Avise et
al., 1987), aspects that are essential for biodiversity
conservation (Moritz, 2002). The identification of
evolutionarily divergent populations is crucial for
the maintenance of intraspecific genetic diversity
(Avise, 2004), and molecular characters provide
a valuable source of information for the analysis of
this intraspecific history and the delineation of population units, such as the Evolutionary Significant
Unit (ESU) and the Management Unit (MU), the latter of which is fundamental to short-term conservation goals (Moritz, 1994). An ESU can be defined as
a group of individuals or populations with reciprocal
monophyly for mitochondrial markers. ESUs represent historically isolated lineages that cover the
evolutionary diversity of a taxon and therefore have
a high priority for conservation. MUs consist of one

or more populations with significant divergence of
allele frequencies at nuclear or mitochondrial loci,
regardless of whether the alleles are monophyletic.
In operational terms, MUs represent populations that
exhibit limited gene flow and, as a result, show some
level of demographic independence (Moritz, 1994).
The Davy’s naked-backed bat, Pteronotus davyi
Gray 1838, is a forest-dwelling insectivorous bat
(Adams, 1989) belonging to the family Mormoopidae that is distributed mainly in tropical and subtropical areas of America. In Mexico all nakedbacked bats are included within the subspecies
P. d. fulvus, which is distributed along two separated narrow strips that extend along the Pacific coast
(from Sonora to Chiapas) and the Gulf of Mexico
(from Tamaulipas to Tabasco) that converge in the
lowlands of the Isthmus of Tehuantepec and then
penetrate into the Yucatan Peninsula (Smith, 1972).
Due to the typically large size of Davy’s nakedbacked bat populations, this species plays an essential role not only in regulating forest insect populations, but also in the maintenance of these tropical
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Different reproductive strategies among populations might affect population growth rates, and a population’s vulnerability to threats.
Population viability analysis may help guide population management and the identification of populations more prone to decline,
allowing a preventive approach to avoid population declines and extinctions. The objective of the present study was to evaluate if
differences in reproductive strategy translate into differential intrinsic vulnerability among different populations of
Phyllostomus hastatus. We used the software VORTEX to model the dynamics and viability of P. hastatus populations under
different reproductive scenarios. We modeled a total of 12 scenarios evaluating variations in reproductive characteristics of the
species (monoestry vs polyestry, harem size, and infant mortality rate). Phyllostomus hastatus populations were viable under most
scenarios, except with scenarios incorporating monoestry and high pup mortality. Our results demonstrate that both reproductive
strategies (monoestry and polyestry) found in P. hastatus result in viable and stable populations under natural conditions. However,
polyestrous populations have higher growth rates, making them more resilient to natural and/or anthropogenic disturbances. A
significant portion of the more resilient populations in South America overlap the Amazon Forest, a continuous and preserved habitat
under low human pressure, which bodes well for the long-term persistence of these populations. On the other hand, the populations
of the species that evolved the monoestrous reproductive strategy are located in Mesoamerica, a Biodiversity Hotspot that is under
severe human impacts, particularly from habitat loss. Conservation biologists and managers must take into account intra-specific
demographic differences of species when planning for their long-term persistence.
Key words: monoestry, polygyny, population viability analysis, VORTEX

INTRODUCTION
There is evidence that certain biological characteristics such as lower fertility, higher body mass,
lower dispersal capacity, and longer generation
times, may increase the susceptibility to extinction
in mammals (Polischuck, 2002; Cardillo et al.,
2005; Collen et al., 2006). For bats, in addition to
the previous characteristics, geographic range size,
wing morphology, sensitivity to habitat fragmentation, and edge effects are also correlated with extinction risk (Jones et al., 2003; Safi and Kerth, 2004;
Duchamp and Swihart, 2008; Meyer et al., 2008).
Therefore, different reproductive strategies among
populations, such as the number of broods or litter
size, might affect population growth rates, and
a population’s vulnerability to threats.
Phyllostomus hastatus is widespread in Central
and South America (Gardner, 2008). It is omnivorous and roosts preferably in caves (Santos et al.,

2003). The species is socially structured into two
kinds of groups: (1) bachelor groups composed
exclusively of non-reproductive males, and (2)
harems, where one male might have from seven up
to 100 females (McCracken and Wilkinson, 2000;
Santos et al., 2003). Each harem persists for about
three years, and during this period the male strongly
controls female reproduction, which guarantees up
to 90% paternity success in the litters produced (McCracken and Bradbury, 1981; McCracken and Wilkinson, 2000). Individuals become sexually mature
at two years of age (McCracken and Bradbury, 1981)
and reproduction is synchronous among harems
(Porter and Wilkinson, 2001). Juveniles disperse
in order to form new social groups (McCracken and
Bradbury, 1981). Colonies are composed of individuals born in different social groups, as indicated by
genetic and paternity analyses (McCracken and
Bradbury, 1981; McCracken and Wilkinson, 2000).
Social groups may be stable for years (McCracken
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Subterranean swarming of bats takes place in the autumn and it is presumed that its main function is to facilitate mating. However,
Plecotus auritus (brown long-eared bat) swarms twice a year, in spring (in March and April), and in autumn (from the end of August
to October). The premise that both the autumn and spring swarming events have a mating function was tested by measuring the
vocalisation activity and reproductive state of males at two subterranean swarming sites and at several maternity colony roosts in
southwestern Poland. Vocal activity, as defined by the number of social calls emitted by swarming bats, was about ten times higher
in the spring than in the autumn. The bats also emitted a wider range of call types in spring. From 45 to 100% of males examined
in spring had distended caudae epididymides. Enlarged and distended epididymes contain spermatozoa and indicate that males are
still able to copulate in spring. There was a significant positive correlation between the proportion of males with distended caudae
epididymides and the vocal activity of swarming bats. This indicates that swarming behaviour plays a role in mating and that the
mating season extends from autumn to spring. For the first time, a biphasic pattern of active mating behaviour has been observed in
a European bat species. Mating occurs during swarming in autumn and spring and is accompanied by vocal advertisement. We
suggest that the low number of females in spring increases competition between males and significantly increases the amount and
diversity of vocal activity.
Key words: reproduction, spermatogenesis, social calls, epididymes, sex ratio

INTRODUCTION
Swarming at subterranean hibernation sites in the
autumn has been described for several temperate
zone bat species of the northern hemisphere, including Barbastella barbastellus (barbastelle bat), Eptesicus nilssonii (Northern bat), Plecotus auritus
(brown long-eared bat), and bats of the genus Myotis
(e.g., Fenton, 1969; Horáček and Zima, 1978; Furmankiewicz and Górniak, 2002; Sendor, 2002; Kerth
et al., 2003; Rivers et al., 2006; Furmankiewicz,
2008; Glover and Altringham, 2008; Piksa, 2008;
Gottfried, 2009; Piksa et al., 2011). Several functions have been proposed for this behaviour, of
which mating is the most plausible (Fenton, 1969;
Cope and Humphrey, 1977; Kerth et al., 2003; Rivers et al., 2005; Furmankiewicz and Altringham,
2007; Bogdanowicz et al., 2012a, 2012b). However,
the function of autumn and spring swarming has not
yet been sufficiently examined and explained.

Bats frequently visit subterranean swarming
sites, usually for one night, after which they return
to their day roost (Parsons and Jones, 2003; Furmankiewicz, 2008). The bats encounter individuals of
both sexes during these visits, giving them the opportunity to copulate. This prevents inbreeding and
enhances genetic diversity in bat populations (Kerth
et al., 2003; Parsons et al., 2003; Veith et al., 2004;
Rivers et al., 2005; Furmankiewicz and Altringham,
2008).
Swarming bats exhibit high levels of flight and
social activity (Fenton, 1969; Barclay et al., 1979).
The complex behaviour of swarming bats has been
described in only a few cases, which include observations of copulation, chasing, and, on rare occasions, vocalisation (Barclay et al., 1979; Thomas et
al., 1979; Ahlén, 1981; Limpens and Roschen, 1995;
Rivers 2005; Furmankiewicz, 2008; Gottfried, 2009).
A few authors have also described reproductive state
in males (Kerth et al., 2003; Gottfried, 2009).
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Dawn swarming in tree-dwelling bats — an unexplored behaviour
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In colonial tree-dwelling bats, is vital to prevent disintegration of the group during frequent roost-switching. Thus some mechanisms
which maintain group cohesion are expected. Dawn swarming is a set of behavioural displays observed in many such bats before
they enter the roost. It is suggested that this behaviour plays a role in transferring information about the roost position. However this
phenomenon had not been explored in detail. Based on qualitative and quantitative description of behaviour we suggest its potential
function. Using field-based video-recordings of swarming sessions made on maternity colonies of Leisler’s bat (Nyctalus leisleri),
we constructed ethograms which revealed remarkably similar behavioural sequences among individuals. For more than two hours
prior to sunrise, individual flybys in front of the roost entrance predominated, followed by landings and leaps, which preceded the
final entering of the roost. Interestingly, no obvious peak of behavioural activity was found at any particular time during swarming
but a wave-like pattern was observed. We suggest that individuals are swarming in close proximity to the roosting tree with some
purpose, most probably serving as a beacon for other group members and thus marking the current location of the roost.
Key words: communication, acoustical signalling, visual clues, social bonding, cooperation

INTRODUCTION
Mechanisms of animal communication vary
from the simplest to surprisingly complex patterns.
Communication helps to make crucial decisions
(e.g., individual recognition, mate choice, predator
avoidance) relying upon information transfer among
individuals (Walker, 1998). In social species such
mechanisms also solve tasks, which are difficult or
impossible to accomplish for a single individual,
and thus, they increase their chance of survival
(Hauser, 1996). Various groups of socially living
mammals move from one location to another when
searching for resources. During these cooperative
movements, they need to transmit information
among individuals in order to prevent disintegration
of the group (Aureli et al., 2008). Regardless of the
information transfer channel (e.g., visual, acoustic,
chemical, tactile), evolutionary pressure favours the
most effective (Guilford and Dawkins, 1991). Visual
signals are inefficient in an environment with a low
light intensity or in situations where individuals are
far apart from each other. Therefore, mammal species that are mostly nocturnal, communicate via
acoustical signals that create long-distance vocal
communication networks. Good examples are seen

in red deer, elephant seals, lions (Frey and Gebler,
2010), elephants (McComb et al., 2003), dolphins
(Janik and Slater, 1998) and whales (Payne and
Webb, 1971). Such a mechanism unites group members, after a period of separation, and can distribute
individuals in space in order to cover the maximum
possible area for exploiting resources (Aureli et al.,
2008).
Among colonial mammal societies, colony of
tree-dwelling bats are known to occupy many roosting sites that are changed frequently (sometimes daily) over relatively long distances (Lewis, 1995;
Willis and Brigham, 2004; Hillen et al., 2010; Ruczyński et al., 2010). The primary reasons behind
roost-switching are unsuitable thermoregulatory
conditions (Kerth et al., 2001a) and/or the presence
of parasites (Reckardt and Kerth, 2007). However, it
may also serve as an anti-predatory strategy (Fenton
et al., 1994). These attributes should make group organization tasks even more demanding. A colony of
tree-dwelling bats leaves its diurnal roost rapidly
during its evening departure (e.g., O’Donnell and
Sedgeley, 1999) and then individuals become separated during foraging. Although foraging strategies
are species specific, bats often forage individually or
as pairs of closely related individuals (Kerth et al.,
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Foraging activity by bats in a fragmented landscape dominated by exotic pine
plantations in central Chile
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We assessed foraging activity of insectivorous bats in a fragmented landscape of central Chile including native temperate forest,
forest fragments, commercial pine plantations and local human settlements. Overall bat activity was noticeably greater along adult
pine plantation edges, local human settlements and the edge of continuous forest than over interior habitats and unplanted forest
plantation clear-cuts. Tadarida brasiliensis foraged mostly above human settlements and edges of adult pine plantations but avoided
interior habitats. Lasiurus cinereus was more active along edges of both adult pine plantations and continuous forest than in clearcuts and interior habitats of forest fragments. In contrast, Lasiurus varius, Histiotus montanus and Myotis chiloensis occurred not
only along vegetation edges but also within the interior habitats of adult pine plantations. The high activity levels suggest that bats
not only pass through exotic pine plantations, but that they are active in these habitats commuting and feeding, thus enhancing their
capacity to persist in landscapes modified by humans in which exotic forestry plantations are an important component.
Key words: acoustic survey, insectivorous bats, forest fragmentation, pine-dominated landscape, Chile

INTRODUCTION
Habitat conversion and fragmentation are threats
to biodiversity (Sala et al., 2000). A significant challenge facing conservation biologists is to know what
organisms naturally occurring can survive in humandominated landscapes and how to conserve them in
these environments (Chazdon et al., 2009).
Due to their capability to navigate over extensive
areas of fragmented landscapes, bats might exploit
human-modified landscapes in ways that differ from
that of terrestrial mammals (Law et al., 1999; Estrada and Coates-Estrada, 2002; Avila-Flores and Fenton, 2005). The conversion of natural forests to
Pinus radiata monocultures is likely to reduce the
diversity and abundance of insectivorous bats (Fukuda et al., 2009; Phommexay et al., 2011). However, more complex agroforestry systems (e.g., coffee-shaded plantations) might support high species
richness of frugivorous and nectarivorous bats due
to their resemblance to the original forested landscape (Estrada et al., 1993; Numa et al., 2005). Pinus
radiata plantations need to be examined to assess
which of these two models they most resemble.
The landscape of central Chile is currently dominated by monocultures of Monterrey pine

plantations and agricultural fields, with sparse remnants of the native Maulino Forest, particularly
along the coastal range (Echeverría et al., 2006).
Despite being structurally simpler compared to the
native forests, pine plantations might provide habitat for a suite of native taxa including insects, lizards, birds, small mammals, carnivores and also provide connectivity at the landscape level (Estades et
al., 2012).
In this paper we assess the role of exotic pine
plantations as foraging habitat for insectivorous bats
by evaluating species richness and activity in native
forest, pine plantations and human settlements. If
bats also exploit plantations, it will reinforce the
claim that such production-oriented landscapes
might be simultaneously managed for biodiversity
conservation, as required by the principles of the
Convention on Biological Diversity (Estades et al.,
2012).
MATERIALS AND METHODS
Study Area
The survey was conducted at Tregualemu area, in the
Maulino Coastal Range of central Chile (35°59’S, 72°41’W to
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Response of phytophagous bats to patch quality and landscape attributes
in fragmented tropical semi-deciduous forest
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Forest fragmentation reduces the amount of forest cover and negatively affects the habitat quality of forest remnants. Landscape
attributes and habitat quality should therefore be evaluated together to improve our understanding of how fauna respond to
fragmentation. We evaluated how patch quality (vegetation structure) and landscape characteristics influence the abundance of
phytophagous bats in two contrasting types of landscape that differ in percent forest cover and matrix type: landscapes dominated
by man-made pastures and landscapes with large tracts of continuous forest (tropical semi-deciduous forest). Bats were sampled in
forest patches in both types of matrices, and for each matrix two sites with a cenote (water filled sink-holes, typical of the Yucatan)
and two with no cenotes were sampled. Sites with cenotes offer better habitat quality than sites without cenotes: the richness and
basal area of plants eaten (flower or fruit) by bats are higher in the forest vegetation surrounding them. At the landscape level,
phytophagous bat abundance was negatively correlated with the amount of forest cover and proximity to other forest fragments, but
positively correlated with forest edge density, patch density and landscape heterogeneity. At the patch level, bat abundance was
positively correlated with plant richness and the basal area of edible tree species. In the Yucatan’s agricultural landscapes the area
and spatial distribution of forest remnants are not the only variables affecting bats. Habitat patch quality and high heterogeneity of
land cover types are also important, and have a positive effect on phytophagous bat abundance and movement.
Key words: frugivorous bats, landscape complementation, landscape heterogeneity, nectarivorous bats, vegetation structure

INTRODUCTION
The factors that influence the ecology of populations and communities have been traditionally studied at the local level (Dunning et al., 1992), however the development of analytical tools such as
Geographic Information Systems (GIS) makes it
possible to evaluate these factors across much
broader scales. The concurrent analysis of habitat
characteristics (i.e., the structure and composition of
vegetation) and landscape characteristics (the composition and configuration of habitat patches) are
important for evaluating the use of habitat remnants
by native wildlife in fragmented landscapes (Gorresen and Willig, 2004; Pinto and Keitt, 2008;
Klingbeil and Willig, 2009).

Phytophagous bats provide crucial environmental services by pollinating (nectarivorous species)
and dispersing the seeds (frugivorous species) of native woody plants across anthropogenic landscapes,
and they do this over larger areas than other fauna,
including birds, owing to their greater vagility in
these landscapes (Galindo-Gonzalez, 2004). The
ability of some bat species to fly long distances and
cross open areas has made these volant mammals
a useful group for evaluating the response of native
fauna to habitat fragmentation (Gorresen and Willig,
2004; Klingbeil and Willig, 2009). In environments
that have been modified by humans, it has been
shown that bat species respond differently to changes
in the habitat; some bat species that depend directly
on plants as their main source of food benefit from
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High dispersal and generalist habits of the bat Artibeus jamaicensis on
Cozumel Island, Mexico: an assessment using molecular genetics
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Islands and insular biotas have been recognized as ideal models for studying adaptive radiations and evolutionary processes. In the
present study we investigated the Jamaican fruit-eating bat, Artibeus jamaicensis from Cozumel Island, to evaluate the effect of
ecological features on genetic diversity and structure across three different environments, semi-evergreen tropical forest, mangrove,
and cenotes, using six microsatellite loci in 105 individuals. Genetic diversity was relatively high (forest HO = 0.693, HNei = 0.825;
mangrove HO = 0.702, HNei = 0.710; cenotes HO = 0.695, HNei = 0.847). Pairwise genetic differentiation measures between localities
were not significant and the overall level of differentiation was markedly low (FST = 0.009, G’ST = 0.088). Likewise, results showed
that A. jamaicensis consists of one genetic group and relatedness among individuals was low. Results are concordant with our
predictions that the island population will show high genetic diversity and null structure at the fine spatial scale examined. We
conclude that ecological features like dispersal and generalist habits are the factors influencing population structure and genetic
diversity of A. jamaicensis on the island, and that factors like the species polygynous mating system, female philopatry and male
differential dispersal do not prevail in the island population. Cozumel Island is facing severe conservation problems, mainly from
habitat perturbation, urbanization and introduction of exotic species, hence the present genetic information is of great value as a basis
for future research and protection of the species.
Key words: adaptation, genetic variability, genetic structure, Jamaican fruit-eating bat, oceanic islands, Phyllostomidae

INTRODUCTION
Islands and insular populations of animals and
plants have been recognized as ideal models for
studying adaptive radiations and evolutionary
processes that promote and maintain biological
diversity (Brown and Lomolino, 1998; Eldridge et
al., 2004). Islands have particular conditions of limited area, isolation, low species numbers, small population sizes, as well as unique dispersal and colonization processes (Frankham, 1998; Grant, 1998;
Vázquez-Domínguez et al., 2012). At the same time,
insular populations and species are extremely vulnerable and have, in comparison with their continental counterparts, a high susceptibility of extinction
(Frankham, 1998; Vázquez-Domínguez et al., 2004;

Fleming and Murray, 2009). Oceanic islands, which
have never been in contact with the mainland, are
characterized by high levels of endemism of fauna
and flora, generally associated with the genetic differentiation of populations after their establishment
from a reduced number of mainland migrants
(Frankham, 1997; Grant, 1998; Vega et al., 2007).
A variety of genetic factors affect island populations: as isolated populations, they experience loss
of genetic and allelic variability, genetic bottlenecks,
inbreeding, changes in selective pressures or a combination of these. In accordance, the majority of
island populations have lower levels of genetic and
allelic diversity in comparison to mainland species,
and endemic insular species show proportionately
lower genetic variation than island non-endemics
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Summer home range size of female Indiana bats (Myotis sodalis) in Missouri, USA
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Knowledge of space use by wildlife that are a conservation concern is critical to ensure that management and conservation provides
adequate resources to ensure survival and reproductive success. We radio tracked 13 pregnant and 12 lactating Myotis sodalis
(Indiana bat) during the maternity season in northern Missouri. Mean (± SE) home range area for all individuals based on the fixed
kernel method for the 50% and 95% probability contours was 204.52 ± 28.87 ha and 1137.13 ± 144.06 ha, respectively. Home range
size did not differ significantly (P > 0.16) between pregnant and lactating females. However, the mean home range area based on
the 95% probability contour for lactating individuals (1361.00 ± 267.16 ha) was 32% larger than the area used by pregnant
individuals (930.47 ± 109.59). The mean maximum distance pregnant and lactating individuals were located from the roost was
3.75 km (range: 1.89–5.13 km) and 4.85 km (range: 2.17–9.40 km), respectively. Home range size and maximum distance traveled
during the maternity season were greater than previously reported for M. sodalis. Our sample size is modest due to the rarity and
patchy distribution of this endangered species, but we provide meaningful information on spatial area used to acquire necessary
resources during the maternity season.
Key words: fixed kernel, foraging, home range, reproductive condition, spatial movement, utilization distribution

INTRODUCTION
Space use in animals is a common focus of ecological research because animals meet their requirements for survival, growth and reproduction by exploiting available resources within a hierarchically
selected environment (Johnson, 1980). Management
and conservation of animal populations require
a scientific understanding of hierarchical resource
selection that is attained by viewing animals in their
spatial context (Levin, 1992). Movements of many
animals, including bats, can be viewed as use of an
area representing locations in space and time based
on selection of resources that provide for their physical needs. The concept of home range originated by
Burt (1943) as the area an animal normally uses
throughout its life. This concept has more recently
been described as an area used by an individual repeatedly during a certain time period, with a boundary drawn based on proportion of occurrence (Kenward, 2001). The underlying assumptions are that an
area with high quality resources will be used more
than one with low quality; that availability of, or
access to, resources is not uniform; and that use of

the home range may change with availability or time
frame (Manly et al., 2002; Buskirk and Millspaugh,
2006). Landscape change, such as conversion of forest to agricultural land, affects ecological processes,
species, and their home range size (Tscharntke et
al., 2005). Knowledge of how species move across
the landscape and what resources are needed to
meet physiological requirements are crucial for
conservation of species, especially for threatened
and endangered species. Therefore, assessing home
range size is an important topic in mammalian ecology. Bats are good study organisms to assess home
range size due to high mobility compared to their
small body size and the ability to transverse large
areas within diverse landscapes (Hayes and Loeb,
2007).
Myotis sodalis (Indiana bats) were listed as federally endangered in the United States in 1966 under
a precursor to the Endangered Species Act (ESA).
The general consensus was that human disturbance
of hibernating bats was a primary cause of prelisting declines (Barbour and Davis, 1969; Greenhall, 1973). However, even with protection of hibernacula, population numbers continue to decline

Acta Chiropterologica, 15(2): 431–439, 2013
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS
doi: 10.3161/150811013X679053

Morphological and echolocation call variation in Malagasy trident bats,
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Patterns of interspecific and intraspecific variation in the three endemic species of Malagasy Triaenops bats were investigated using
morphology and bioacoustics. Adult bats were captured at different localities across the island, measured, and their echolocation
calls recorded. On average, male T. auritus and T. furculus have shorter forearms (47.0 and 44.0 mm, respectively) and emit higher
frequency calls (107.8 and 113.1 kHz, respectively) than females (47.5 and 45.7 mm and 95.6 and 98.2 kHz, respectively),
representing a form of reversed sexual dimorphism (females larger than males). However, T. menamena shows typical patterns of
sexual size dimorphism with males having a longer forearm (51.7 mm) and lower frequency echolocation calls (82.3 kHz) than
females (49.0 mm and 93.5 kHz, respectively). When segregated by sex, there was a strong allometric relationship between forearm
length, used as a measure of body size, and the resting frequency in these three species, as well as two African hipposiderids (T. afer
and Cloeotis percivali). Triaenops auritus males and both sexes of T. furculus deviated from the relationship between these two
variables. Hypotheses are explored to explain the drivers of these sexual dimorphism patterns. On the basis of the allometric
relationship, the strong correlation is in parallel to other groups of bats and is probably associated with ecological constraints. Recent
phylogenetic analyses showed a separation of Afro-Malagasy Triaenops into two sister clades: T. auritus/T. furculus (suggested to
be placed in a new genus, Paratriaenops) and T. menamena/T. afer. The patterns of sexual dimorphism in these taxa are congruent
with clade membership. Further studies are needed to understand strategies used by these taxa when in sympatry to share habitat and
ecological niches.
Key words: Triaenops, echolocation calls, reversed sexual dimorphism, allometric relationship, phylogeny, Paratriaenops,
Madagascar

INTRODUCTION
Bats are rather extraordinary evolutionary models of adaptation, specifically concerning their ability of sustained flight, and in the majority of taxa,
a complex echolocation system used for orientation, foraging, and communication (Griffin, 1958;
Schnitzler et al., 2003; Thomas et al., 2004).
Although the debate over which came first, echolocation (Springer et al., 2001; Veselka et al., 2010) or
flight (Simmons et al., 2008) continues, there is
strong phylogenetic evidence that laryngeal echolocation evolved multiple times in Chiroptera (Teeling
et al., 2002; Jones and Teeling, 2006). Acoustic signals, structure, and the information they carry, as

well as their accuracy, therefore evolved differently
amongst existing groups of bats (Griffin et al., 1958;
Koay et al., 1998; Schnitzler and Kalko, 2001).
Numerous studies have been undertaken around
the world to document the echolocation signature of
the locally occurring bat fauna (Russo and Jones,
2002; Kofoky et al., 2009). These call libraries are
necessary, for example, to accurately survey bat diversity with passive monitoring techniques. On Madagascar, which has a high level of bat species endemism (Goodman, 2011), the creation of a vocalization dictionary to describe taxa specific calls has
utilized in part the recordings of released individuals
(Kofoky et al., 2009). This is problematic, as the
past decade has seen the description of numerous
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Canines as a measuring tool for leaf tent construction in Dermanura watsoni
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Many animals are capable of constructing structures to modify the environment for their own benefit. The design of these structures
requires animals to perceive dimensions. However, how animals take measurements to achieve the final design of the structures they
construct is known for only very few species. In the Neotropics, a few bat species build roosts or leaf tents that serve different
purposes. Thomas’s fruit-eating bat (Dermanura watsoni) constructs tents that have complex designs, when compared to other tent
building bats. The bifid tent is a design built by producing a long, J-shaped cut on each side of understory plant leaves. We expect
that to accomplish this complex design bats would require precise measurements during tent construction. We measured several bat
morphological traits to infer which of them, if any, was used by the bats as a measuring device. Dermanura watsoni uses the distance
between their lower canines to increase the perpendicular distance of the J-cut to the central vein of the leaf along the J-cut. The bat
adds the distance between the canines to each subsequent secondary vein cut. This is the first study to infer which body part
D. watsoni most likely uses as a measuring tool. Our results provide new insight into the evolution of body parts as measuring
devices during tent construction in related and unrelated tent-building bat species.
Key words: tent-making bats, Dermanura watsoni, web construction, understory palms

INTRODUCTION
The ability to build structures has evolved independently in different groups of animals (Hansell,
2005). In all cases, animals build structures to modify their environment for their own benefit, and in
most cases these structures serve multiple purposes
for the builder. For instance, they are often designed
to protect animals from predation, parasitism, and
harsh environmental conditions (Jeanne, 1975;
Skutch, 1976; Hansell, 1993; Nalepa and Bell, 1997;
Foelix, 2011). In other cases, they increase capture
effectiveness (e.g., spider webs) and reproductive
success (e.g., bird and insect nests — Skutch, 1976;
Eberhard, 1990a; Perna et al., 2008).
Structures built by animals vary widely in design
and materials across different groups, within groups
and often even within the same individuals (Jeanne,
1975; Barrantes and Eberhard, 2012). All constructions have dimensions and therefore the builder is
expected to have a perception of such dimensions.
In other words, an animal constructing a particular
structure is expected to be able to conduct some
measurements in order to achieve the final design
of the structure. However, details of how animals

perform these measurements during construction
are known for only some spiders (Vollrath, 1987;
Eberhard and Hesselberg, 2012), a few wasp species
(West-Eberhard, 1969), and with less detail for
a few bird species (Collias and Collias, 1970;
Skutch, 1976).
In all known cases, animals use some body parts
to measure distances during construction (e.g., retreats and breeding sites). Therefore, considering
that construction of different structures is so widespread among animals, it is also expected that using
body parts as measuring devices would be equally
widespread. We will focus on leaf tents to investigate which body parts bats likely use to perform the
measurements during tent construction. Nearly half
of all bat species use different plant parts as roosts
(Timm, 1987; Rodriguez-Herrera et al., 2007). For
many species roosts consist of unmodified leaves or
natural tree cavities, but a small number of bat
species (i.e., 22 species), most of them Neotropical,
modify leaves to construct their roosts or tents
(Rodriguez-Herrera et al., 2007). It is as yet unknown if all 22 species construct their own roosts or
if some of these species use leaves modified by
other bats. Bats construct their roosts by biting or
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The mountain long-eared bat, Plecotus macrobullaris, is a recently described species, and characterisation of its geographic and
elevational distribution is still in progress. Captures in various environments led to a controversial ecological perception, with
P. macrobullaris initially defined as an alpine species but subsequently found in the Mediterranean seashore and other lowland areas.
Sampling efforts hitherto were uneven; this bat has been studied more thoroughly in Western Europe than in the eastern portion of
its range, and in lowlands more than highlands or alpine environments. For greater insight into its distribution pattern, we conducted
a field survey in several mountain areas of its known range, using a novel mist-netting technique (described herein) that has proven
very useful for targeting and capturing low-flying open-space bats in alpine environments. We also gathered all available distribution
data on this species from published resources and by contacting researchers, obtaining records at 351 total localities (including
113 from other authors’ unpublished reports and 45 from our own fieldwork). We concluded that P. macrobullaris is present in the
main Western Palearctic mountain ranges, extending from the Pyrenees to the Middle East, and has an elevational distribution from
sea level up to 2,800 m. The high number of these bats captured foraging above the timberline, in addition to the exclusively
mountainous distribution, indicate that the species is indeed alpine, showing a pattern similar to other highly mobile vertebrates
restricted to mountain areas and absent from flatlands. Nevertheless, its apparent elevational distribution may still be biased toward
lower areas, due to the scarcity of surveys in high mountain habitats.
Key words: alpine, biogeography, capture technique, mist-netting, sampling bias

INTRODUCTION
In the Western Palaearctic, mountain environments are diversity hotspots representing a significant proportion of the European biota (Grabherr et
al., 2011). Their vertical climate zonation results in
high habitat diversity (Körner, 2003; Väre et al.,
2003; Nagy and Grabherr, 2009) that supports numerous chiropteran species (Ulrich et al., 2007),
most concentrated at low and mid-elevations (Stutz,
1989; Holzhaider and Zahn, 2001; McCain, 2007;
Piksa et al., 2013), though some are also found
above the timberline (Barataud, 2004). Bat prospection efforts, however, are not balanced among different elevations, as bat diversity studies usually do not
include alpine environments (but see Aellen, 1962;
Garin et al., 2003; Barataud, 2004). Consequently, bats’ use of alpine environments is liable to be
underestimated.

Plecotus macrobullaris, the mountain long-eared
bat, is currently known in the Alpine Arc (Trizio et
al., 2005; Arthur and Lemaire, 2009; Presetnik et
al., 2009; Mattei-Roesli, 2010), Pyrenees (Garin et
al., 2003), Dinaric Alps (Pavlinić and Tvrtković,
2004; Tvrtković et al., 2005), some Mediterranean
islands (Benda et al., 2008), Anatolia (Karataş and
Sozen, 2006), Syria (Benda et al., 2006), the Caucasus (Spitzenberger et al., 2006; Kiefer, 2008), and
several mountainous regions in the Middle East
(Spitzenberger et al., 2006; Kiefer, 2008). Nevertheless, its distribution data is largely biased, as more
than half of the presence records come from the
Alpine Arc and Dinaric Alps. Moreover, most of the
eastern records are museum specimens, for which
only proximate locations are provided (Spitzenberger et al., 2006; Kiefer, 2008).
Although P. macrobullaris was initially thought
to be an alpine species (Kiefer and Veith, 2002)
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The effect of ectoparasites on the grooming behaviour of Gould’s wattled bat
(Chalinolobus gouldii): an experimental study
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Grooming is an important behaviour for the control of ectoparasites in mammals but it is also energetically costly. Therefore, the
time an animal allocates to grooming may be used to evaluate the potential cost of an ectoparasite to its host. Most mammals are
host to more than one ectoparasite species, which may impose different costs. We experimentally evaluated the relative cost of three
ectoparasite species by observing the grooming response of their host, Gould’s wattled bat (Chalinolobus gouldii), to the
manipulation of parasite load. The parasite that spent its entire lifecycle on the host, the mite Spinturnix novaehollandiae, triggered
the greatest increase in grooming. A grooming response was not as evident for the other parasites (a smaller mite, Trichonyssus
womersleyi, and a bat fly, Basilia troughtoni), possibly because part of their lifecycle occurred in the roost, which the host may avoid
by discriminative roost selection. Grooming behaviour, although not significantly altered by parasites other than S. novaehollandiae,
was performed by most bats, which maintained a baseline grooming rate even when relatively parasite free. This study suggests
heterogeneity in the costs imparted on a host by members of its ectoparasite community and the potential importance of considering
parasite life-history when evaluating the influence of parasites on the host.
Key words: grooming, Chalinolobus gouldii, ectoparasites, Spinturnix, Nycteribiidae, mites, bat fly

INTRODUCTION
Grooming is one of the most frequently observed
behavioural traits in mammals (Hart, 1990; Moore,
2002). Multiple functions have been attributed to
this behaviour: autogrooming cleans the pelage and
maintains its thermoregulatory benefits (Sachs,
1988); allogrooming maintains the social bonds between individuals (Wilkinson, 1986; Dunbar, 1991;
McLean and Speakman, 1997). However, these
functions are thought to be secondary to the role of
grooming for control of ectoparasites (Barton, 1985;
Mooring et al., 2004). Ectoparasites (generally
arthropods) can impact their host directly, through
consumption of the host’s resources, thus retarding
growth or reducing body mass (Khokhlova et al.,
2002; Neuhaus, 2003; Puchala, 2004; Hawlena et
al., 2006), and through costs associated with immunocompetence (Hawlena et al., 2008). There can
also be indirect costs, such as the transmission of
pathogens (Hoogstraal, 1985; Godfrey et al., 2006),

diminished attractiveness to mates (Moller, 1990),
changes in habitat selection (Stanback and Dervan,
2001) and population dynamics (Boulinier and
Danchin, 1996). Grooming behaviour as a defense
against ectoparasites also imposes costs on the host:
increased energy expenditure (Giorgi et al., 2001),
reduced time available for other behaviours such as
foraging and vigilance (Mooring and Hart, 1995),
hair loss (Mooring and Samuel, 1999), and the loss
of water in saliva during oral grooming (Ritter and
Epstein, 1974). When allocating time for grooming,
these costs are expected to be weighed up against
the direct and indirect costs imposed by the parasite
(Mooring and Hart, 1995) such that higher cost parasites will illicit larger defensive responses. Therefore, grooming behaviour of the host may provide
an indication of the cost incurred through parasitism
(Hawlena et al., 2007). A differential grooming
response to ectoparasites of known cost has been
demonstrated in an invertebrate — pine weevils
(Hylobius abietis) increase the time they spend
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During the examination of a series of specimens, formerly referred to Myotis montivagus, recently collected in Vietnam and Lao
PDR, we found that they differ in several important ways from any species formerly included in M. montivagus. We describe them
as a new species characterised by a relatively long forearm, moderately long ears, flat cranial profile and wide anteorbital bridge.
Based on characters classically used to separate the ‘subgenera’ of Myotis the new species shows affinities to both the nominate
subgenus ‘Myotis’ and ‘Selysius’. Our morphological investigations support recent phylogenetic analyses showing that the former
‘subgenera’ of Myotis are in fact paraphyletic groups, even within Southeast Asia. Nevertheless, many of the external and
craniodental features formerly used to separate these subgenera provide a practical means of grouping species. Using these
characters we provide an identification key to identify the new species, as well as other currently recognized medium and large sized,
small-footed Myotis species from the Indomalayan Region.
Key words: identification key, Indochina, Indomalayan Region, morphology, Myotinae, taxonomy

INTRODUCTION
Myotis is the most speciose genus of bats, and the
only one that can be found in all continents except
Antarctica (Simmons, 2005). From the high diversity of this group we can predict a great number of
morphologically similar species and taxonomic
challenges in identifying both individual species and
their relationships (Datzman et al., 2012; Kruskop et
al., 2012). Tate (1941) divided the genus into seven
subgenera (Selysius, Isotus, Paramyotis, Chrysopteron, Myotis, Leuconoe and Rickettia). Findley
(1972) recognized only three (Myotis, Selysius and
Leuconoe) in his numerical taxonomic study based
on phenetic characters. In the Indomalayan Region
these three taxa and Chrysopteron have been accepted as subgeneric divisions by many comprehensive works (Corbet and Hill, 1992; Koopman, 1994;
Francis, 2008). However, recent phylogenetic analyses suggest that these widely used subgenera are

paraphyletic groups of species which have evolved
similar morphology through convergent evolution to
particular ecological roles (Ruedi and Mayer, 2001;
Kawai et al., 2003; Stadelmann et al., 2004a, 2004b,
2007; Francis et al., 2010). To complement the genetic results, we investigated a wide range of species
to check the external and craniodental morphological traits on which the earlier systematic arrangement was based.
In connection with this large-scale morphological comparison, when examining newly vouchered
Myotis material from Vietnam stored in the collections of the Institution of Ecology and Biological
Resources, Vietnam and the Hungarian Natural History Museum, Hungary, we found 13 specimens of
a relatively large form of Myotis. This species, characterised by moderately long ears and a relatively
flat cranial profile, does not match any currently
recognized species. Based on morphological and genetic analyses, it appears to be related to members

