
INTRODUCTION

In 2005, the number of recognized species of the
monotypic family Rhinolophidae (horseshoe bats)
was 77 (Simmons, 2005). Since then, at least 19 new
species have been described on the basis of morpho-
logical differences, corroborated by molecular (12
species) and karyological (one species) data, at pres-
ent resulting in a total of about 96 species (Yoshi -
yuki and Lim, 2005; Soisook et al., 2008; Wu et al.,
2008, 2009, 2011; Zhou et al., 2009; Benda and
Vallo, 2012; Taylor et al., 2012; Kerbis Peterhans et
al., 2013; Patrick et al., 2013, Soisook et al., 2015).
This rapid increase in species number reflects the
notion that the general morphological uniformity in
the genus Rhinolophus masks subtle species-
specific differences, which can be recognized only
through detailed studies. Representative examples,
where species initially have been proposed on the

basis of DNA sequence divergences that were subse-
quently confirmed by morphological data, can be
found in South Africa (Taylor et al., 2012; Jacobs et
al., 2013) and South-East Asia (Patrick et al., 2013).

Based on morphological features, the genus
Rhinolophus is divided into 15 groups (Csorba et al.,
2003). Among these, most easily recognized are the
members of the R. trifoliatus group by their long,
fluffy fur and a unique noseleaf structure with lateral
lappets at the base of the sella. This clade, which
corresponds to the subgenus Aquias Gray 1847
(Guillén-Servent et al., 2003), is distributed from
the Indian subcontinent to Southeast Asia. The
mem bers of the trifoliatus group are clearly distin-
guished by their body size. In addition to the small-
sized species R. sedulus and the medium-sized 
R. tri foliatus, large-sized members are found
throughout the whole distributional range, from Sri
Lanka to Nepal on the Indian subcontinent in the
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In the family Rhinolophidae, the members of the trifoliatus clade are easily recognisable by a unique noseleaf structure and a fluffy
fur. Within this group, Rhinolophus luctus is the largest species with currently six recognized subspecies, distributed from India to
Bali. We investigated genetic (karyotype, mitochondrial DNA sequence) and morphological characters from a Peninsular Malaysian
sample. Although the diploid number was 2n = 32 in all specimens, karyotype analysis revealed two largely different chromosomal
sets, with a Y-autosome translocation present only in one of the taxa. Morphological examination revealed differences concerning
size of the baculum and length of the lower toothrow. Based on these results, a new species is described and the former subspecies
distributed on the Malayan Peninsula, Rhinolophus luctus morio, is elevated to species rank, Rhinolophus morio.
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A new species of woolly horseshoe bat in the Rhinolophus trifoliatus species group is described from Sabah in Malaysian Borneo.
Two specimens from Central and West Kalimantan, Indonesia are referred to this species. A fourth specimen from western Thailand
is referable to this species but on the basis of ~10% genetic divergence at the cytochrome oxidase-I gene is described as a separate
subspecies. Morphologically and acoustically the two subspecies are similar. With a forearm length of 52.90–54.70 mm, a skull
length of 24.27–26.57 mm and a call frequency of 49.2–50.0 kHz, the new species overlaps in size and call frequency with the
sympatric R. trifoliatus. However, it differs significantly in having a dark noseleaf and a uniformly dark brown pelage, resembling,
but being intermediate in size between R. sedulus and R. luctus, which have a skull length of 18.99–20.17 and 26.35–32.07 mm,
respectively. It also differs from R. trifoliatus in the shape and size of the rostral inflation. It can be distinguished from R. beddomei
(forearm length 55.00–63.44 mm) and R. formosae (forearm length 53.85–62.40 mm), which are endemic to the Indian Subcontinent
and Taiwan, respectively, by its relatively smaller body size. Acoustic and genetic data are included in the comparison between the
species. Both character states support the conclusions based on morphology. Further surveys in intact evergreen forest together with
a re-examination of museum specimens may reveal that this species is widespread in Southeast Asia.

Key words: Borneo, evergreen forest, Malaysia, Indonesia, new species, Rhinolophus, trifoliatus-group, Southeast Asia, Thailand

INTRODUCTION

Rhinolophus is the single extant genus in the
family Rhinolophidae. With at least 87 species cur-
rently recognised, it is also one of the most diverse
among bat genera and is widely distributed through-
out much of the Old World (Simmons, 2005; Yoshi -
yuki and Lim, 2005; Soisook et al., 2008; Wu et al.,
2008, 2009; Wu and Thong, 2009; Zhou et al., 2009;

Taylor et al., 2012). Within the genus, the species
have been arranged into several groups based
mainly on morphological characters (e.g., shape of
the sella, noseleaf and cranial features). This has led
to differences of opinion regarding the systematics
(e.g., Guillén et al., 2003). None theless, the most
widely accepted and most comprehensive review 
of the Rhinolophidae can be found in Csorba et al.
(2003).
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Myotis peninsularis Miller, 1898 is an endemic bat from the Cape Region in Baja California Sur, México. Its taxonomic status is
unclear, either as a valid species or as a subspecies of M. velifer (J. A. Allen, 1890). In order to assess its taxonomic status, the
objective of this study was to examine phylogenetic relationships of M. peninsularis, using molecular and geometric morphometric
data. Two mitochondrial genes were analyzed: cytochrome oxidase subunit I (COI) and cytochrome b (Cytb). The phylogenetic
analysis (maximum likelihood and Bayesian Inference) showed that M. peninsularis and M. velifer were sister groups, collectively
forming a monophyletic assemblage. We observed less than 2% of genetic distance in the Cytb, considered an interval at the
subspecies level. The geometric morphometric analysis showed differences in skull shape. We obtained three morphotypes: 
M. peninsularis (Baja California group), M. velifer incautus (northern population) and M. v. velifer (southern population). The most
important differences were located in the braincase (ventral, dorsal and lateral view). The lateral view was the most discriminating.
The Cape Region specimens had the sagittal crest more procumbent in the front than the rear of the braincase. The slope line at the
rostral lateral view was more abrupt in M. velifer populations. Morphologically, the three lineages tended to possess the same normal
variation as the entire Mexican population of M. velifer but with a specific morphotype associated to its distribution. In a combined
molecular and landmark configuration of the phylogenetic analysis, the ancestral shape corresponded to an intermediate shape
between M. peninsularis and M. velifer, presenting a similar variation to the one of intra-specific level in M. velifer. We considered
M. peninsularis a junior-synonym of M. velifer.
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INTRODUCTION

The genus Myotis is distributed worldwide and
comprises more than 100 species, nearly 10% of the
total number of bats species (Simmons, 2005). This
genus is taxonomically complicated due to the cryp-
tic morphology of most species (LaVal, 1973; Evin
et al., 2008; Larsen et al., 2012a) so it is unlikely
that the analysis of external morphological charac-
teristics could make a clear distinction among spe -
cies (LaVal, 1973; Ruedi and Mayer, 2001) without
using other data.

Myotis peninsularis Miller, 1898 was described
as a monotypic species from the Cape Region in the
Baja California peninsula, and considered morpho-
logically similar to M. velifer J. A. Allen, 1890 but
smaller. Subsequent taxonomic revisions considered
M. peninsularis as a subspecies of M. velifer (see
Miller and Allen, 1928). However, M. peninsularis

was considered again a valid species, mainly due to
differences in size and its endemic distribution to the
Cape Region in the southernmost part of the Baja
California peninsula (Hayward, 1970). In contrast,
M. velifer has a wider distribution in North Amer-
ica (from the southern United States to Hon duras; 
Hall, 1981) with five subspecies (Simmons, 2005):
M. v. bre vis, M. v. grandis, M. v. incautus, M. v. mag -
na molaris, and M. v. velifer.

Myotis peninsularis was included in a phyloge-
netic study that combined 105 phylogeny estimates
published since 1970 attached to a polytomy with 16
Myotis species (Jones et al., 2002). Thus, the rela-
tive position of M. peninsularis among many other
species is unclear. Myotis peninsularis and M. ve li -
fer are very similar externally, differing primarily 
in size with M. peninsularis being smaller than 
M. velifer (see Álvarez-Castañeda and Bogan, 1998;
Bogan, 1999). Myotis peninsularis has not been 
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Barbastelles from the Central Asian republics, traditionally included in Barbastella darjelingensis, were compared with other
Barbastella species on the basis of cranial and dental morphometrics, fur coloration and sequences of mtDNA. All these factors
indicate that individuals from Central Asia should not be treated as a part of B. darjelingensis. They belong to a separate species,
closely related to the Egyptian B. leucomelas, but morphologically distinct. On the basis of geographical proximity, it seems likely
these are representatives of the same taxon as Transcaucasian animals, and therefore the name B. caspica Satunin, 1908 appears to
be appropriate for this species. Evidence is provided, based on genetic differences, that there may be additional species of
Barbastella in eastern Asia.

Key words: Barbastella darjelingensis, B. caspica, Central Asia, taxonomy, nomenclature

INTRODUCTION

The genus Barbastella, though very widely 
distributed from Western Europe and Northern
Africa to Japan, Taiwan and Northern Indochina
(Fig. 1), until recently was divided into only two
species — Barbastella barbastellus, European bar-
bastelle, and B. leucomelas, Asian barbastelle. This
arrangement was supported for decades by many 
authors (e.g., Tate, 1942; Kuzyakin, 1950; Ellerman
and Morri son-Scott, 1951; Corbet, 1978; Yoshiyuki,
1989; Koop  man, 1994; Simmons, 2005; Rakh ma -
tulina, 2005), and the number of named forms
within the genus was quite limited (Benda and Mi -
likovsky, 2008).

In recent years, molecular approaches in study-
ing bat taxonomy, together with the accumulation of
new and better preserved collection material, have
resulted in some changes in Barbastella taxonomy.
A new species, B. beijingensis, was described from
Central China and currently is considered endemic
to Beijing municipality (Zhang et al., 2007). Then,
B. leucomelas sensu stricto (s. str.) was considered
to be a separate species from the Asian forms, re-
stricted to North-east Africa and Jordan (Benda et
al., 2008) and the name B. darjelingensis was
adopted for all other Asian barbastelles. 

In this paper, I present results of DNA bar-
code data and morphological analyses to demon-
strate that there are additional unrecognized genetic
lineages in Barbastella, with the probability that
there are several more species than are currently 
recognized. In particular, I examine the taxonomic
position of barbastelles from the former Soviet re-
publics of Central Asia. These bats were once 
described as a separate taxon under the name 
‘B. blanfordi walteri’ (Bian chi, 1916). Later this
name was treated as a nomen nudum by Ognev
(1928) and that point of view was accepted by fur-
ther authors, who included Central Asian bar-
bastelles within B. darjelingensis (or B. leucomelas
sensu lato), without specifying any geographical
races (e.g., Bobrinskiy et al., 1944; Bogdanov, 
1953; Strelkov, 1989; Khabilov, 1992; Koopman,
1994; Benda et al., 2011). Recently Benda and
Milikovsky (2008) argued that formally the name
‘walteri Bianki, 1917’ (sic!) is not a nomen nudum
and could be used for nomenclatural purposes.
However, slightly prior to Bianchi’s description,
barbastelles from Transcaucasia (Hajigabul district
of Azerbaijan) were described as B. barbastel-
la (sic!) caspica (Satunin, 1908) — a name that 
has been also almost forgotten over the past next
century.
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Within the neotropical bat family Phyllostomidae, species of the subfamilies Glossophaginae and Lonchophyllinae have many
derived traits adapted to nectarivory, including elongated snouts and jaws and the ability to perform hovering flight. We compared
patterns of cranial variation within and between these groups with respect to within-group allometric trajectories, based on 19 linear
morphometric variables collected from 221 specimens representing all genera and 62% of the species in the two subfamilies. In 
a pooled principal component analysis, species belonging to Lonchophyllinae and Glossophaginae occupy similar regions in
morphospace, though the latter species have a greater variance. Principal components and common principal components analyses
for separate taxonomic lineages (subfamilies, tribes and subtribes) revealed distinct static allometric trajectories among these groups,
with variables associated with elongation of the rostrum having distinct allometric coefficients. Our results indicate that distinct
cranial morphotypes associated with the degree of elongation of the rostrum in phyllostomid nectarivores are allometrically
characteristic of each lineage. The patterns suggest that cranial integration in phyllostomid nectarivores reflects primarily their
phylogenetic history rather than adaptive pressures resulting from specialization to particular feeding resources.

Key words: allometry, craniometry, Glossophaginae, Lonchophyllinae, multivariate analysis

INTRODUCTION

The order Chiroptera is unique among mammals
due to the presence of exclusive traits such as true
flight abilities and a vast diversity of feeding habits.
Bats represent the largest radiation of nectarivorous
mammals (Feldhamer et al., 2007) and are the main
agents of pollination for hundreds of plant species,
some of which are completely dependent on them
for reproduction (Sazima et al., 1999; Muchhala,
2006). 

Among the order’s 21 families, three include rep-
resentatives that feed on pollen and nectar: Phyllo -
stomidae Gray, 1825, Mystacinidae Dobson, 1875,
and Pteropodidae Gray, 1821 (Nowak, 1994;
Altring ham, 1996; Arkins et al., 1999). Within the
Phyllostomidae, species of two subfamilies evolved
a diet based mainly on nectar and show important
morphological aspects correlated to this food strat-
egy. Species belonging to subfamilies Glossopha gi -
nae Bonaparte, 1845 and Lonchophyllinae Griffiths,

1982 have elongated snouts, reduced teeth, long and
extensible tongues, and the ability to perform hov-
ered flight, among other derived traits (Nowak,
1994; Freeman, 1995; Nogueira et al., 2007). 

Glossophaginae and Lonchophyllinae are repre-
sented by 19 genera and 53 extant species, ranging
from southwestern United States to South America
as far as southern Brazil and northern Argentina
(Sim  mons, 2005; Griffiths and Gardner, 2008a,
2008b; Mantilla-Meluk and Baker, 2010; Nogueira
et al., 2014; Parlos et al., 2014). They have been the
object of various studies in taxonomy (Dias et al.,
2013; Parlos et al., 2014), ecology (Sampaio et al.,
2003; Faria, 2006), conservation (Arita and Santos-
del-Prado, 1999; Hutson et al., 2001) and phylogeny
(Wetterer et al., 2000; Baker et al., 2003; Datzmann
et al., 2010).

The current classification of the phyllostomid
nectar-feeding bats reflects the monophyletic 
groups identified by Baker et al. (2003), who recog-
nized independent genetic lineages in the family as
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As a strategy to reserve energy for parental care, females are larger than males in most bat species. Although females are responsible
for providing parental care in almost all (if not all) bats, there are some species in which the males are larger than the females, and
in other species the sexes are similarly sized. It has been proposed that for non dimorphic bat species, some foraging traits might be
responsible for the differences observed between the sexes, though, this hypothesis has not been tested formally. Here, we evaluate
the sexual size dimorphism of the phyllostomid insectivorous bat Gardnerycteris crenulatum using the morphometric variables of
body size and nose-leaf size; the latter is a functional structure that plays an important role in echolocation and determines
insectivorous bats’ effectiveness in foraging. Our results show that G. crenulatum is a sexually monomorphic species in terms of
body size, but it is dimorphic in nose-leaf traits. Females exhibit larger nose-leaves than males, which could increase the
directionality of their ultrasound emission and hence improve the females’ ability to obtain sensory information. We propose that
monomorphic bats could be dimorphic for functional structures related to foraging behaviour as a means to increase their energetic
effectiveness.

Key words: nose-leaf, Gardnerycteris (Mimon) crenulatum, insectivore, foraging strategy, functional structure

INTRODUCTION

Female mammals are predominantly responsible
for providing parental care to the offspring until the
time of weaning; while doing so, females can in-
crease their energy intake by up to 200% during lac-
tation (Clutton-Brock, 1991). Thus, female bats —
mammals with daily torpor — must spend active
time to provide both nutritional and non-nutritional
care to their offspring; thereby, the time available for
foraging is less than that of their male counterparts
while their energetic needs are greater as they have
to account for themselves, their pups, and their
nurses (Kunz and Hood, 2000). One balancing strat-
egy is that female bats are usually larger than male
bats so that they can store more energy in their bod-
ies (Her reid, 1959; Jones et al., 1971; Ralls, 1976;
Myers, 1978; Williams and Findley, 1979; Willig,
1983; Willig et al., 1986; Solick and Barclay, 2006;
Born holdt et al., 2008; Camargo and de Oliveira,
2012). However, this strategy is not universal to all
bats as there are some species where males are
larger than females (Marinkelle and Cadena, 1971;

Willig, 1983; Willig and Hollander, 1995; Tschapka
et al., 2008) or others where both sexes are similar
sized (Willig, 1983; Table 1).

Intraspecific dimorphism has other benefits be-
sides providing females energy reserves for the rear-
ing of young. It has been noted that sexual size 
dimorphism reduces intraspecific competition (Se -
lander, 1966; Willig, 1983) through the partitioning
of niche space. For example, dimorphism might de-
crease competition for a given type or size of prey
sought or it can reduce time and space use overlap
(Ralls, 1977; Willig, 1983). This mechanism to re-
duce competition between the sexes is absent in
monomorphic species; so, it has been proposed that
foraging traits could be dimorphic as a means to 
reduce competition among bats that have tradition-
ally been considered monomorphic (Myers, 1978;
Willig, 1983).

The Phyllostomidae is a good model family to
assess dimorphism among bats because this group
includes both dimorphic as well as monomorphic
species (see Table 1). Phyllostomidae are character-
ized by the presence of a skin structure surrounding



INTRODUCTION

On the basis of a relatively recent compilation,
the Old World family Hipposideridae is composed
of 79 species placed in nine genera (Simmons,
2005). However, new species have been subse-
quently described and taxonomic revisions have
considerably increased the species diversity within
this family (e.g., Benda and Vallo, 2009; Thong et
al., 2012a, 2012b, 2012c). Members of this family
are widely distributed in Africa, Asia, Australia and
Madagascar (Simmons, 2005). Results from recent
molecular work indicate that this family is not
monophyletic and the genera Cloeotis, Paratria e -
nops, Rhinonycteris and Triaenops previously in-
cluded in the subtribe Rhinonycterina Gray, 1866
are now placed in the family Rhinonycteridae

(Agnarsson et al., 2011; Foley et al., 2015). In turn,
this restricts the family Hipposideridae to five gen-
era including Hipposideros, which also appears to
be paraphyletic. Studies have been conducted on
African and Asiatic members of this genus to under-
stand patterns of intraspecific variation based on
morphological, bioacoustic or molecular analyses
and several cryptic taxa have been uncovered
(Thabah et al., 2006; Murray et al., 2012).

On Madagascar, the family Hipposideridae is re -
presented by a single genus, Hipposideros, and by
one extant endemic taxon, H. commersoni (Sim -
mons, 2005; Samonds, 2007). In pre-2005 taxo-
nomic classifications, H. commersoni sensu lato was
divided into a number of subspecies, with the nomi-
nate form being from Madagascar and the others 
on the African continent and nearby islands (e.g.,
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Previous studies conducted on morphological variation of the endemic Malagasy bat Hipposideros commersoni sensu stricto
(Hipposideridae) revealed a north-south morphological cline, with larger individuals present in the north. Little is known about
potential sexual differences in the echolocation calls of this species. We captured 59 adult individuals (24 males and 35 females) at
different sites spanning the western half of Madagascar, measured their forearm length and recorded echolocation calls. These data
were used to examine possible variation in echolocation calls and body size, which showed statistically significant differences. 
Male H. commersoni have an average forearm length of 93.1 mm and emit calls at 68.6 kHz, while the average measurements for
females are 83.9 mm and about 72.9 kHz, respectively. Principal component analysis revealed variation in morphological and
bioacoustic parameters, suggesting a high intraspecific variation. Regression analysis of intersexual data showed that females from
the far north (Ankarana) significantly deviate from the allometric relationship by emitting echolocation calls lower than predicted
by their size. These divergences may be associated with phenotypic variation, migratory movements or presence of a possible 
cryptic species. Detailed phylogenetic and phylogeographical analyses of the H. commersoni complex are needed to address these 
questions.

Key words: acoustic divergence, allometry, ecology, Hipposideros commersoni, Madagascar, morphology, polymorphism



INTRODUCTION

Until recently, research on the biology of Mala -
gasy bats has been restricted to their diversity and
bio geography (Dorst, 1947; Eger and Mitchell,
1996), taxonomy (Peterson et al., 1995) and distri-
bution (Goodman et al., 2005). Of the 44 species of
bats described, 32 (about 73%) are endemic (Good -
man, 2011; Goodman et al., 2011), a higher propor-
tion than on any other island of comparable size.
Nevertheless, little is known about their ecology
(Racey et al., 2009). The Myzopodidae is the only
bat family presently endemic to Madagascar and its
members have three distinctive morphological char-
acteristics: upper lips extending beyond the lower,
long broad ears and the presence of adhesive discs
on the thumbs and soles (Schliemann and Goodman,
2003) which allows attachment to smooth surfaces
(Riskin and Racey, 2009). The family had long been
regarded as monospecific with Myzopoda aurita
endemic to the east of the country. However, a new

species, Myzopoda schliemanni, which is endemic
to western Madagascar, has recently been described
(Goodman et al., 2007). As a result, M. aurita is now
referred to as the eastern sucker-footed bat. In the
Myzopodidae, diet (Göpfert and Wasserthal, 1995;
Rajemison and Goodman, 2007; Ramasindrazana et
al., 2009), habitat use (Ralisata et al., 2010), and the
structure and function of the adhesive organ (Schlie -
mann, 1970; Riskin and Racey, 2009; Schliemann
and Goodman, 2011) have been studied.

In 1996, M. aurita was classified as Vulnerable
(VU) by IUCN because of its perceived rarity, the
paucity of information about its ecology and distri-
bution (Schliemann and Maas, 1978), and habitat
loss (Hutson et al., 2001). In 2008, it was reclassi-
fied as Least Concern (LC) because more informa-
tion had become available on its distribution and
abundance, and its apparent use of disturbed habitats
(Jenkins et al., 2008).

The traveller’s tree Ravenala madagascariensis
is endemic to Madagascar, and is characterized by 
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The relationship between male sucker-footed bats Myzopoda aurita and 

the traveller’s tree Ravenala madagascariensis in south-eastern Madagascar
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Here we expand our previous study to provide more detailed information on the relationship between the male eastern sucker-footed
bat Myzopoda aurita and the traveler’s tree Ravenala madagascariensis in south-eastern Madagascar, during six month-long field
work sessions carried out over two years. We caught 593 bats, 229 newly caught and 364 recaptures, exclusively males, roosting in
37 day roosts in the partially unfurled central leaves of R. madagascariensis. No bats were found in any other roosting situation. To
analyse potential roost availability, we monitored partially unfurled central leaves on R. madagascarienis on four transects and 12%
appeared suitable as M. aurita roosts. These leaves took three to 25 days to unfurl, and roosts became available between one and 19
days after unfurling commenced. Day roosts were occupied for one to 12 days. Bats were more likely to occupy roosts in taller trees.
The size of roosting groups varied between one and 36 individuals. Movements of bats between roosts were recorded on 35
occasions and between two and nine individuals of M. aurita found in one roost were subsequently found together in a different
roost. Myzopoda aurita occurs in degraded forests and anthropogenic habitats of eastern Madagascar where it may be affected by
loss of roosts since R. madagascariensis is used extensively for building and thatching houses.

Key words: Myzopoda aurita, Ravenala madagascariensis, roost availability, roosting ecology, sexual segregation, Kianjavato, 
Madagascar



INTRODUCTION

Fruit bats are divided into two types of foragers:
specialists that use limited core plant taxa, and gen-
eralists that use a variety of plants (Fleming, 1986,
1993). Degree of diet breadth is associated with
species richness of plants, the food abundance, plant
phenology, the timing of food shortages, and nutri-
tional components (Fleming, 1982), as well as other
potential factors such as interspecific competition
(Kitchener et al., 1990; Marinho-Filho, 1991). In
general, New World fruit bats (Phyllostomidae:
Carolliinae and Stenodermatinae) are specialists,
whereas Old World fruit bats (Pteropodidae) are
generalists. This may be due to the lower diversity
and more patchy distributions of food plants in the
Old World than in the New World (Fleming et al.,
1987; Fleming, 1993). Especially, the spatio-tempo-
ral predictability of food resources may contribute to
degrees of diet breadth in fruit bats (Fleming et al.,
1987; Fleming, 1993, 2005; Fleming and Muchhala,
2008). If this is true, we should find similar tenden-
cies on diet breadth within a single family, for exam-
ple, between species living in subtropics and tropics

or even populations living in two habitats with dif-
ferent flora. Latitudinal gradients in generalization-
specialization have been discussed in terms of niche
breadth or mutualistic networks of other animals
(e.g., Olesen and Jordano, 2002; Vázquez and Ste -
vens, 2004). In general, diets of animal living in
lower latitudes are more specialized than those of
their counterparts in higher latitudes (Dyer et al.,
2007; Dalsgaard et al., 2011). In chiropterans, 
dietary studies have been well-done for New World
fruit bats, which are conducted from various views
such as morphology, coevolution between bats and
plants, competitions and geographical factors (e.g.,
Dumont, 2003; Muchhala, 2006; Sánchez et al.,
2012; Saldaña-Vázquez et al., 2013). On the con-
trary, those studies are still relatively limited for Old
World fruit bats (Fleming, 1982), although some 
pioneer studies were conducted over the last couple
of decades (e.g., Entwistle and Corp, 1997; Banack,
1998; Bollen and Van Elsacker, 2002; Nakamoto et
al., 2007b).

The Ryukyu flying fox, Pteropus dasymallus, 
inhabits the Ryukyu archipelago at the northern
limit of the distribution of Pteropus. The Ryukyu 
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Dietary plasticity in the Ryukyu flying fox on a subtropical island 

at the northern range limit of Pteropus

ATSUSHI NAKAMOTO1, 3, KAZUMITSU KINJO2, and MASAKO IZAWA1
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Fruit bats are divided into two types of foragers: specialists that use limited core plant taxa, and generalists that use a variety of
plants. We examined the food habits of Pteropus dasymallus at two sites with different flora, a forested and an urbanized area in 
a subtropical island. The plant species used differed between the two sites, and the degree of use of three food types (fruits, flowers,
and leaves) also changed. These results suggest that P. dasymallus shows dietary plasticity according to food conditions of living
locations. The plant diversity was higher in the urbanized area than in the forested area, however, actual diet breadth (Levins’ index)
was lower in the urbanized area, due to the intensive use of specific plant species in the urbanized area. The bats used Ficus
microcarpa, as a core plant, which long fruiting periods and high abundance in the urbanized area. In addition, we compared these
findings on the diet breadths to those reported in other Pteropus species, and suggested that diet breadths of flying foxes might be
generalized in subtropics in which food shortages occur irregularly and be specialized in tropics with a high abundance of specific
plants with long fruiting periods.

Key words: diet breadth, dietary generalist, dietary specialist, food habits, Pteropus dasymallus, subtropics, urbanization



INTRODUCTION

Availability of surface water is essential for bats
in arid and semi-arid environments (Rabe and Ro -
senstock, 2005). Although some bats can partially
escape drought by entering torpor (Hosken and
Whiters, 1997; Cryan and Wolf, 2003) or concen-
trating urine (Geluso, 1978; Bassett, 1982), they still
rely on external water sources most of the time to
fulfill their physiological demands (Kurta et al.,
1990; Razgour et al., 2010; Lisón and Calvo, 2011).
For instance, successful lactation in bats depends on
a regular water supply. Lack of surface water
sources then may affect the reproductive success 
of entire bat populations (Adams and Hayes, 2008;
Adams, 2010). Many insectivorous bats frequently
forage over water where insect density may be high
(Fukui et al., 2006; Hagen and Sabo, 2014), and
some species specialize on overwater foraging
(Findley, 1993; Denzinger and Schnitzler, 2013).

A good understanding of how bats use resources
in anthropogenically modified landscapes is critical

to implement appropriate conservation and manage-
ment strategies. We address the potential importance
for bats of man-made water sources in a temperate,
strongly seasonal region in Mexico. Most Mexican
highlands and semiarid regions experience sum-
mer rains, with little or no precipitation the rest 
of the year. In many of these areas, cattle ranching 
is an important economic activity. Cattle are kept 
in managed pastures, natural or artificial, or roam
freely across forests, grasslands and shrublands
(SAGARPA, 1998). Artificial ponds are built and
maintained to capture rain water to meet livestock
drinking needs, particularly during the prolonged
dry season. These ponds probably are as critical for
wildlife survival as they are for cattle. 

La Michilía Biosphere Reserve, located in the
highlands of southern Durango State, was estab-
lished in 1979 as the first of its kind in Mexico
(Halffter, 1978; Gómez-Pompa and Dirzo, 1995).
Biosphere reserves were created under the Man and
the Biosphere (MAB) Program of UNESCO to pro-
mote sustainable development, while at the same
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Activity of insectivorous bats associated with cattle ponds at La Michilía 

Biosphere Reserve, Durango, Mexico: implications for conservation
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Most bats depend strongly on surface water to survive and reproduce, and thus it is a limiting resource in markedly seasonal
environments, such as semiarid and temperate Mexico. Cattle ranching, an important activity in these areas has resulted in
construction of rainwater reservoirs that may represent the only available surface water during the dry season. Using acoustic
detectors we measured activity in cattle ponds at La Michilía Biosphere Reserve, Durango, Mexico to assess patterns of use by
insectivorous bats. We tested for differences in activity between ponds and seasons, and for relationships between bat activity and 
a set of environmental and pond variables. Bat activity was significantly higher at ponds in the dry season; ponds were used by aerial,
trawling, and gleaning insectivores. In the rainy season gleaners did not use ponds, and the other guilds used them less frequently.
Larger, older ponds with aquatic vegetation were used more frequently in the dry season, whereas maximum temperature and moon
phase affected use in the rainy season. Cattle ponds are common in rangelands and forests of northern Mexico; they constitute
important foraging and drinking resources in an area that harbors the largest populations of insectivorous bats in the world.

Key words: acoustic monitoring, Chiroptera, echolocation, environmental variables, northern Mexico, ponds, protected areas



INTRODUCTION

Because bats spend the majority of their time in
day roosts, these structures are particularly impor-
tant in their ecology and evolution (Barclay and
Kurta, 2007). Roosts provide relatively stable mi-
croclimates that minimize energy expenditures, pro-
vide protection from predators, and are sites for so-
cial interactions, mating, and raising young (Kunz
and Lumsden, 2003). Sex, group size, reproductive
status, season, predation risk, parasite load, and mi-
croclimate can all influence roost use and selec-
tion in bats (Kerth et al., 2001; Veilleux et al., 2004;
Ferrara and Leberg, 2005; Reckardt and Kerth,
2007; Willis and Brigham, 2007). Most studies of
roost site selection in bats have focused on charac-
teristics of the roost and its surrounding area
(Kalcounis-Rueppell et al., 2005). However, factors
at larger spatial scales may also influence roost site

selection but have received less attention (Miles et
al., 2006; Limpert et al., 2007; Perry et al., 2008). 
At the microhabitat level, North American bats gen-
erally select roost trees that are taller, larger in diam-
eter, and have more open canopies than random
trees (Kalcounis-Rueppell et al., 2005). At the
macrohabitat scale, forest type and structure are im-
portant factors in roost selection (Perry et al., 2007;
Webala et al., 2010) whereas at the landscape scale,
factors such as distance to water, distance to open-
ings, forest area, and degree of urbanization or de-
velopment have been shown to be important (Miles
et al., 2006; Watrous et al., 2006; Limpert et al.,
2007; O’Keefe et al., 2009).

Male and female bats often roost separately, par-
ticularly during the breeding season when females
form maternity colonies (Hamilton and Barclay,
1994; Kunz and Lumsden, 2003). Reproductive 
females have different roosting requirements than
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Roost selection by Rafinesque’s big-eared bats (Corynorhinus rafinesquii) 
in a pristine habitat at three spatial scales
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Although several studies have described roost use by Rafinesque’s big-eared bats (Corynorhinus rafinesquii), few studies have
examined roost selection. We examined roost use and selection by Rafinesque’s big-eared bat at the tree, stand, and landscape scales
during the maternity season in pristine old-growth habitat in the Coastal Plain of South Carolina. We located 43 roosts (14 maternity,
29 solitary) through cavity searches and radio-telemetry. Maternity colonies and solitary individuals selected roosts based on similar
characteristics. The best model explaining roost selection by all bats included tree and stand characteristics; landscape factors had
little influence on roost use. Bats selected large diameter trees in areas with a high density of trees with cavities in the surrounding
area. Most roosts (67.4%) were in water tupelo (Nyssa aquatica) in semi-permanently flooded and saturated areas. Half of maternity
roost cavities had upper bole openings whereas only 25.8% of solitary roosts had upper bole openings. Bats that roosted with
maternity groups stayed in roosts for significantly shorter periods of time (1.3 ± 0.1 days) and used significantly more roost trees
(5.0 ± 0.6 roosts) than adult males (3.8 ± 1.10 days, 2.3 ± 0.4 roosts, respectively). Maternity colony use of cavities with upper bole
openings and shorter residency times suggest that predator avoidance may have been an important factor governing roosting
behavior of maternity colonies in this area. Our results suggest that retention of large diameter, hollow trees in wetland areas will
benefit Rafinesque’s big-eared bat individuals and maternity colonies in this area.

Key words: bottomland hardwoods, predator avoidance, Rafinesque’s big-eared bat, roost selection, roost fidelity



INTRODUCTION

Bats of the genus Histiotus Gervais, 1856 are 
endemic to South America (Handley and Gardner,
2007), with seven currently recognized species: 
H. alienus, H. humboldti, H. laephotis, H. macrotus,
H. magellanicus, H. montanus and H. velatus (Sim -
mons, 2005). Recent phylogenetic results recovered
Histiotus nested within Eptesicus and so the former
has often been treated as a subgenus of the latter
(Hoofer and Van Den Bussche, 2003; Lack and Van
Den Bussche, 2010). As a group, Histiotus is distrib-
uted from cold areas in the Andes of Colombia 
and Venezuela, south to the Straits of Magellan
(Hand ley and Gardner, 2007). Species of Histiotus
are medium size, have long ears and corresponding

large tympanic bullae (Anderson, 1997; Handley
and Gardner, 2007). The morphological and geo-
graphic limits among these species are not clearly
understood (Anderson, 1997).

Particularly, Histiotus macrotus (Poeppig, 1835)
has been known to occurr in western Argentina, 
cen tral regions of Chile and south of Argentina and
Chile (Barquez et al., 1999; Handley and Gardner,
2007). Some authors consider the species to be pres-
ent also in Bolivia and southern Peru (Eisen berg and
Redford, 1999; Zeballos et al., 2000, 2001; Acosta
and Venegas, 2006; Aragón and Aguirre, 2014). Hi -
stiotus macrotus presents a dark dorsal and a whitish
ventral coloration, ears and wing membranes darker
than the rest of the body (Barquez et al., 1993, 1999;
Handley and Gardner, 2007; Giménez, 2010). It can
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Geographic and potential distribution of a poorly known South American bat,

Histiotus macrotus (Chiroptera: Vespertilionidae)
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The vespertilionid bat Histiotus macrotus occurs in western Argentina, central regions of Chile and south of Argentina and Chile,
and it may be also present in Bolivia and southern Peru. In this work, we analyzed the geographic and potential distribution of 
a poorly known species of South American bat. As a tool, environmental niche modeling has been used to study the distributional
patterns of species and more recently, taxonomic boundaries of cryptic species. We used MaxEnt v 3.3.e, Worldclim database and 
a vegetation map, covering the entire area of species’ occurrence. We registered 64 localities from Argentina (43), Chile (10), Peru
(8) and Bolivia (5). We divided recording localities in different datasets according to several taxonomic schemes, and analyzed
potential distribution models separately (i.e., all known records; Argentina-Chile; Peru) in five different models. Models including
all known localities showed a disjoint distribution, with two basic core areas of high predictive values, one in NW Argentina and
another in southern Chile and SW Argentina separated by the South American Arid Diagonal. A third area appeared in Atacama and
Sechura deserts in the models that included Peruvian and Bolivian localities. Model including only Peruvian localities showed the
opposite pattern, with high predictive values only in arid environments from southern Peru. We interpreted that localities correctly
assigned to H. macrotus belong to a taxonomic complex distributed in two contrasting areas, each one inhabited by a different taxon:
1) Bolivia and NW Argentina and 2) S and central Chile and SW Argentina. Given the systematic uncertainty of Histiotus, these two
forms might be sister species or may not share an immediate common ancestor within the genus. Further, we consider that the
specimens from localities referred to H. macrotus from southern Peru should be revised. These alternatives await a comprehensive
molecular phylogenetic analysis of Histiotus.

Key words: Histiotus macrotus, environmental niche modeling, MaxEnt, South American Arid Diagonal



INTRODUCTION

The geographic distributions of species are deter-
mined by a variety of evolutionary and ecological
factors, and mapping where species are known, or
likely, to occur is of increasing interest in conserva-
tion biology and applied wildlife research (Franklin,
2009; Peterson et al., 2011). Specimens held in nat-
ural history museum collections can provide in-
sights into the distribution of species, and these
specimens often represent substantial investments in
time and resources expended over many years asso-
ciated with specimen collection, curation, cata-
loging, and museum data-base maintenance.
However, there are several important sources of 
spatial error associated with natural history speci-
mens that may influence the analysis and map-
ping of species distributions. Common sources of
spatial error associated with the sampling locations

of museum specimens include: a lack of, or inaccu-
rate, location information; mistakes in transferring
data from field data sheets or specimen tags to elec-
tronic databases; differences in the specificity of 
location information (i.e. ‘Boston, Massachusetts,
USA’ versus ‘5 Cummington Mall, Boston, Massa -
chusetts, USA’); uncertainty related to ambiguous
location information; and use of different coordinate
systems and geodetic datums (Newbold, 2010).

Species distribution models (SDMs) are quanti-
tative models that relate occurrence locations of or-
ganisms to abiotic and/or biotic factors in the land-
scapes they inhabit, and the resulting relationships
can be used to map their predicted distribution in 
geographic space (Franklin, 2009; Peterson et al.,
2011). The efficacy of an SDM is dependent on 
the modeling approach used and characteristics of
the species occurrence data, including the number of 
occurrence records used to build the model, spatial
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Not to put too fine a point on it — does increasing precision of geographic

referencing improve species distribution models for a wide-ranging migratory bat?
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Bat specimens held in natural history museum collections can provide insights into the distribution of species. However, there are
several important sources of spatial error associated with natural history specimens that may influence the analysis and mapping of
bat species distributions. We analyzed the importance of geographic referencing and error correction in species distribution modeling
(SDM) using occurrence records of hoary bats (Lasiurus cinereus). This species is known to migrate long distances and is a species
of increasing concern due to fatalities documented at wind energy facilities in North America. We used 3,215 museum occurrence
records collected from 1950–2000 for hoary bats in North America. We compared SDM performance using five approaches:
generalized linear models, multivariate adaptive regression splines, boosted regression trees, random forest, and maximum entropy
models. We evaluated results using three SDM performance metrics (AUC, sensitivity, and specificity) and two data sets: one
comprised of the original occurrence data, and a second data set consisting of these same records after the locations were adjusted
to correct for identifiable spatial errors. The increase in precision improved the mean estimated spatial error associated with hoary
bat records from 5.11 km to 1.58 km, and this reduction in error resulted in a slight increase in all three SDM performance metrics.
These results provide insights into the importance of geographic referencing and the value of correcting spatial errors in modeling
the distribution of a wide-ranging bat species. We conclude that the considerable time and effort invested in carefully increasing the
precision of the occurrence locations in this data set was not worth the marginal gains in improved SDM performance, and it seems
likely that gains would be similar for other bat species that range across large areas of the continent, migrate, and are habitat
generalists.

Key words: bioclimatic modeling, Chiroptera, ecological niche modeling, occurrence data, positional uncertainty



INTRODUCTION

Chaerophon plicatus (family Molossidae, sub-
family Molossinae) is a widely distributed bat
through out lowland South Asia and Southeast Asia,
from India east to the Philippines and south to
Lombok (Heaney et al., 1998; Molur et al., 2002).
The species is a facultative cave-dweller, and in suit-
able locations forms very large cave colonies. In
northern Borneo, spectacularly large colonies are
well-known from Simud Hitam Cave (Gomantong
Forest Reserve, Sabah — Fig. 1) and Deer Cave
(Mulu National Park, Sarawak). A formerly very
large colony, now much reduced, occupies Niah
Cave (Niah National Park, Sarawak — Medway,
1958; Struebig et al., 2010). Foraging areas have 
not been explicitly measured for this species, but 
by anal ogy to the North American member of the 

same subfamily — Tadarida brasiliensis (Ammer -
man et al., 2012) which has measured nightly 
foraging ranges averaging 41 km around the Carls-
bad Caverns (New Mexico) colony (Best and
Geluso, 2003). 

It can be presumed that major C. plicatus
colonies are top insect predators over very large 
expanses of lowland rainforest and agricultural 
mosaics. These colonies feed on some nine kg of 
insect prey per 1,000 bats per night (based on 
mass scaled feeding rates of T. brasiliensis from
Kunz et al., 1995; C. plicatus mean body mass of
15.5 g from Leelapaibul et al., 2005 versus 12.3 g
for T. brasiliensis from Wilkins, 1989), and their 
accumulated guano supports rich subterranean
ecosystems (Chapman, 1983) including a number 
of endemic species (Ng, 1991; McFarlane et al.,
2009).
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Estimating colony size of the wrinkle-lipped bat, Chaerephon plicatus
(Chiroptera: Molossidae) at Gomantong, Sabah, by quantitative image analysis
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The Gomantong cave system, Kinabatangan, Sabah (Malaysia) hosts one of the largest bat colonies known from north Borneo. The
nightly exodus of Chaerophon plicatus from this site is an economically valuable tourist attraction, and must impose significant
controls on the regional ecology. Monitoring ecosystem health requires monitoring bat population size, but no quantitative
assessments for the Gomantong colony are available in the literature. Traditional censusing techniques (based on packing density
and roost area or on roost exodus counts) yield notoriously unreliable results. Here we have applied innovative image analysis and
counting techniques to videographic, photographic and terrestrial laser scanning data obtained in July 2012. The colony exits in 
a consistent stream along a narrow exit trajectory. The laser scanning of the large cave entrance allowed precise measurement of bat
position. Video data provided 0.02-second time resolution. Average flight speed was calculated (10.38 ± 0.85 m/sec), bat exit rate
was estimated at three minute intervals (peaking at 14,000 bats/minute) and then summed over the 40 minutes of bat flight. The
resultant colony size estimate of 275,625–276,939 (95% confidence interval) individuals of C. plicatus in Gomantong Caves in 2012
demonstrates that the technique is viable, provides a realistic basis for ecosystem management, and can be repeated to monitor
ecosystem change. The estimated insect consumption by the colony of this size is 927 ± 191 metric tons of insects per year over an
estimated 270 km2 area, a very important component in maintaining ecosystem stability in the Gomantong Forest Reserve and the
Kinabatangan Wildlife Sanctuary, as well as pest control over the large agricultural tracts of the region.

Key words: Borneo, Kinabatangan, bats, caves, colony size, image analysis, terrestrial laser scanning



INTRODUCTION

Wind energy has been the fastest-growing re-

newable energy source for electricity in the world

(Peste et al., 2015). Energy production via wind has

increased on a global scale nearly 40 times over a 15

year period (Parsons and Battley, 2013). Continued

growth in wind energy is expected in North Amer -

ica, Europe, China, and India, as well as in emerging

markets in areas like Latin and South America, New

Zealand, and parts of Africa (Parsons and Battley,

2013; Bernard et al., 2014; Peste et al., 2015).

While wind energy is generally viewed as envi-

ronmentally friendly, concerns have been raised

about impacts to flying wildlife. Bats are affected by

wind energy more than any other group of vertebrate

wildlife (Voigt et al., 2015). It is understood that

bats die from either barotrauma or blunt force

trauma when wind facilities are operational (Grod -

sky et al., 2011). Bat fatality rates, however, show

great variability across years, sites, and species.

Many studies have estimated bat fatalities at wind

facilities (Kunz et al., 2007; Arnett et al., 2008).

Direct comparisons of the results of these studies,

however, are difficult to make and can be mislead-

ing due to numerous differences in the study proto-

cols and methods used to develop final fatality esti-

mates, often leading to widely disparate bat fatality

estimates (Piorkowski et al., 2012; Hayes, 2013;

Small wood, 2013; Huso and Dalthorp, 2014).

Confounding factors that make direct comparisons

difficult include the number, model, and size of

wind turbines, vegetative cover of the study area,

variation in the overall size, and composition of the
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Regional analysis of wind turbine-caused bat mortality
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Wind energy has been the fastest-growing renewable energy source in the world. Studies have estimated bat fatalities at wind

facilities, but direct comparisons of results is difficult and can be misleading due to numerous differences in protocols and methods

used. We had a unique opportunity to compare fatality estimates from three wind facilities in southeastern Wisconsin. These three

facilities are located within two neighboring counties with similar land use and land cover, used similar post-construction study

methodologies, have turbine models that are close in size and nameplate capacity, and all became operational within seven months

of each other. Our objectives were to analyze bat mortality data across all three wind facilities to: 1) examine species composition;

and 2) investigate whether select structural, habitat, and landscape features influence mortality at a fine and broad scale. Corrected

estimates of bat mortality were higher than reported in most other previous research in Midwestern agricultural lands in the United

States. Similarities within the data were shared by all three wind facilities, but differences across them included species composition

of bat mortalities and raw and corrected number of bat carcasses recovered. Our analysis suggested that select habitat and landscape

features were among the predictor variables that explained bat mortality at the broad scale. Given heterogeneity in mortality

estimates within the upper Midwest region, we recommend that individual wind facilities conduct project-specific pre- and post-

construction monitoring rather than infer mortality effects based on published results from other wind facilities.

Key words: bats, meta-analysis, mortality, turbines, wind energy



INTRODUCTION

Conjoined or Siamese twinning has been de-
scribed in medical literature and throughout history
(Spiers et al., 2010; Coran and Adzick, 2012; Hynd
et al., 2013; Schneevoigt et al., 2014). There are
eight major classifications of conjoined twins, 
reflecting the locations of joining, as described 
in detail by Spencer (1996, 2000) and others (Coran
and Adzick, 2012; Ferrer-Vaquer and Hadjanto -
nakis, 2013). Conjoined twins are thought to arise
by the fusion of two twin embryos. The 
rarity of reports of conjoined twins in the wild 
likely reflects the high lethality and dramatic 
decrease in fitness of the conjoined state. Cepha -
lopagus (joined at head and chest) twins were 
recently described in a leopard cat collected in
Sumatra, Indonesia in the late 1800s (Kompanje 
and Hermans, 2008). Kompanje and Hermans
(2008) also listed other conjoined wild mammals
cited in the literature from the 1600s. They include 
the European hare, some species of deer, a dol-
phin, whales, and a hedgehog. Re cently, conjoin-
ed twin whale fetuses were found on a California 
beach (Lee, 2014). To our knowledge, only one 

example of conjoined twinning has been describ-
ed for bats, in a stillborn Eptesicus fuscus (Peterson
and Fenton, 1969). Here we present imaging 
data on the first example (to our knowledge) of bi-
cephaly in a wild-caught fetus of the bat Artibeus
phaeotis, and also re-image the conjoined E. fuscus
specimen.

MATERIALS AND METHODS

Specimen Collection

We captured adult pygmy fruit-eating bats, A. phaeotis
(Miller et al., 2008), in mist nets and harp traps set at the Lama -
nai Archeological Reserve in Belize. After confirming preg-
nancy by palpation, the mother bat was euthanized by isofluo-
rane inhalation followed by cervical dislocation. Dissection
yielded a single two-headed bat fetus, which had presumably
died in utero (as skin pigmentation was noticeably more grayish
than the normal pink of healthy fetuses). The fetus was fixed
overnight in 4% PFA (paraformaldehyde), dehydrated in 
a methanol (MeOH) series, and then stored in 100% MeOH at 
-20°C. The newborn E. fuscus described by Peterson and Fenton
in 1969 had been preserved in alcohol, and was shipped to the
University of Illinois for imaging.

Two fetuses were used as controls: an A. phaeotis, collect-
ed as above, and a Seba’s short-tailed bat (Carollia perspicil-
lata), captured in Trinidad with hand nets and euthanized by
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Conjoined twins in a wild bat: a case report
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There are numerous records of conjoined twinning in humans and domesticated animals, but many fewer for wild animals because
of the early death of conjoined twins. We here describe the incidental discovery and skeletal anatomy of a wild-caught bat fetus with
two heads. To our knowledge, this is only the second conjoined bat fetus described, and the first conjoined Artibeus phaeotis. 
We also revisit the anatomy of the first conjoined bat that was described, a stillborn Eptesicus fuscus.

Key words: Artibeus phaeotis, dicephalus parapagus, fetus, head, Chiroptera



INTRODUCTION

Certain bat species are well known for their abil-
ities to sense and capture small insects and avoid
nearby obstacles using echolocation (Altringham
and Fenton, 2003). The majority of bat species see
better in dim rather than brightly lit conditions and
so have the ability to perceive distant objects in 
conditions that are typically too dark for humans
(Suth ers, 1970; Suthers and Wallis, 1970; Ellins and
Ma ster son, 1974; Bell and Fenton, 1986; Boonman
et al., 2013). It has long been known that vision 
is a primary means by which bats find their way
across long distances and through nighttime land-
scapes (Davis and Barbour, 1965; Griffin, 1970;
Chase, 1981; Buchler and Childs, 1982; Tsoar et al.,
2011). Bats often ignore acoustic cues when visual
cues are simultaneously present (Davis and Bar-
bour, 1965; Chase, 1981; McGuire and Fenton,
2010; Orbach and Fenton, 2010; Boonman et al.,
2013). However, bat vision research has received
proportionally little attention compared to echoloca-
tion research.

Evidence gathered during recent years has
shown that, unlike humans and many other types of
mammals, some bats can see UV light. Winter et al.
(2003) first demonstrated that Glossophaga sori-
cina (family Phyllostomidae) could be trained in the
lab to respond to very dim (about 0.016 μW/cm2) 
UV light emitting diodes (LED). A more recent
study showed that bats from other families could
also be trained to behaviorally respond in the labo-
ratory to direct sources of bright (about 900
μW/cm2) UV light (Xuan et al., 2012a). Müller 
et al. (2009) used electroretinography to further
demonstrate a physiological response to UV light 
at 0.0027 μW/cm2 by G. soricina and at 0.0009
μW/cm2 by another phyllostomid species (Carollia
perspicillata) (converted from the reported values of
1.99×10-10 1/(quanta×s-1×cm-2) for G. soricina and
5.84×10-10 1/(quanta×s-1×cm-2) for C. perspicillata
at a wavelength of 365 nm). In conjunction with this
recent behavioral or physiological evidence from
laboratory studies, several genetic studies demon-
strated that the eyes of bats often include the neces-
sary genes for encoding photoreceptors associated
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Ultraviolet vision may be widespread in bats
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Insectivorous bats are well known for their abilities to find and pursue flying insect prey at close range using echolocation, but they
also rely heavily on vision. For example, at night bats use vision to orient across landscapes, avoid large obstacles, and locate roosts.
Although lacking sharp visual acuity, the eyes of bats evolved to function at very low levels of illumination. Recent evidence based
on genetics, immunohistochemistry, and laboratory behavioral trials indicated that many bats can see ultraviolet light (UV), at least
at illumination levels similar to or brighter than those before twilight. Despite this growing evidence for potentially widespread 
UV vision in bats, the prevalence of UV vision among bats remains unknown and has not been studied outside of the laboratory. 
We used a Y-maze to test whether wild-caught bats could see reflected UV light and whether such UV vision functions at the dim
lighting conditions typically experienced by night-flying bats. Seven insectivorous species of bats, representing five genera and three
families, showed a statistically significant ‘escape-toward-the-light’ behavior when placed in the Y-maze. Our results provide
compelling evidence of widespread dim-light UV vision in bats.

Key words: Chiroptera, ultraviolet vision, orientation, perception, photoreceptors, retina, rods, sensory ecology, short-wave sensitive 
cones
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