Acta Chiropterologica, 16(1): 1–13, 2014
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS
doi: 10.3161/150811014X683228

Cryptic diversity in common mustached bats Pteronotus cf. parnellii (Mormoopidae)
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The common mustached bat (Pteronotus parnellii) is a mormoopid bat living in caves in lowland rainforests throughout the north
and eastern Neotropics, including several Caribbean islands. Recent studies have shown that this taxon is certainly a composite of
several cryptic species, especially in the western part of the Guianan Shield, where molecular reconstructions and bioacoustics point
to the presence of at least two cryptic species that may not be related to genuine P. parnellii, native to Jamaica. We examined here
over 200 bioacoustically identified individuals to show that two phonic types live in sympatry in French Guiana with no overlap in
frequencies of echolocation calls. Morphological variation in some skull characters showed consistent and significant differences
between the two phonic types, whereas external measurements alone were unable to discriminate between groups. Two
mitochondrial markers analyzed in a selection of each of these phonic types were further used to evidence that they represent two
genetically discrete groups, and to assign them to the existing molecular clades described elsewhere. Molecular comparisons with
reference specimens sampled near the type localities of P. parnellii and P. rubiginosus further suggest that the 53 kHz phonic type
found in French Guiana and Amapa (Brazil) should be assigned to the later species, while the 59 kHz phonic type represents an
undescribed species.
Key words: cryptic species, bioacoustics, mitochondrial DNA, Guianan Shield

INTRODUCTION
The Mormoopidae is a widely distributed family
of Neotropical insectivorous bats ranging from the
southwestern United States to southern Brazil, including many islands in the Antilles. The Mormoopidae is composed of two genera, Mormoops and
Pteronotus (Simmons, 2005). One species, the common mustached bat (Pteronotus parnellii) is the
only high-duty cycle echolocating bat in the Neotropics, i.e. one that uses constant frequency (CF)
calls to orientate itself (Schnitzler and Kalko, 1998).
This species was described by Gray (1843) using animals originating in Jamaica, but it is often viewed
as a widespread species living across most of the

Antilles, Central and tropical South America (e.g.,
Simmons, 2005). Eight subspecies have been described throughout this wide range, including some
former continental species that are now considered
as synonyms of P. parnellii (reviewed in Herd,
1983; and Simmons, 2005).
However, recent phylogenetic studies revealed
that populations of the common mustached bat
(CMB) are not homogeneous and bear much hidden
biodiversity across their geographic range. Using sequences of the cytochrome b gene (Cyt b), LewisOritt et al. (2001) showed that animals from the
type locality in Jamaica are genetically very distinct (11% sequence divergence) from specimens
in Suriname or Guyana, while similar levels of
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Genetic structure and cryptic genealogy of the Bonin flying fox Pteropus pselaphon
revealed by mitochondrial DNA and microsatellite markers
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The Bonin flying fox (Pteropus pselaphon) is endemic to the Ogasawara Islands, a collection of small oceanic islands in the Pacific
Ocean. It inhabits only five islands: Chichi-jima, Haha-jima, Kita-iwo, Iwo, and Minami-iwo (arranged from north to south). Hahajima and Kita-iwo, the most widely spaced islands, are separated by a distance of about 160 km. The islands have different histories
in the modern era with respect to human activity. At present, P. pselaphon population sizes exceed 100 on Chichi-jima and Minamiiwo, but the species is rare on the other three islands. Loss of genetic diversity is of concern because of the small population sizes.
We obtained samples from three of the five islands — Chichi-jima, Kita-iwo, and Minami-iwo — and investigated species genetic
diversity and genetic structure based on mitochondrial DNA (mtDNA) control region sequences and microsatellite markers.
Different mtDNA haplotypes were found in each island population. Based on the mtDNA sequence data, P. pselaphon displayed
a cryptic genealogy, as haplotypes on each island did not cluster together. The microsatellite marker data, however, revealed a clear
genetic structure among the island populations, suggesting the absence of recent inter-island gene flow. Based on these results, we
propose that the individual island populations are not evolutionarily significant units, but should be conserved collectively as a single
management unit.
Key words: geographical structure, microsatellites, mitochondrial DNA control region, Ogasawara Islands, Pteropus pselaphon

INTRODUCTION
The Ogasawara Islands are an isolated collection
of small islands in the Pacific Ocean. Located
1,000–1,300 km from the Japanese Archipelago and
550 km from the Mariana Islands, they have remained isolated from the mainland since their formation 48 Mya (Umino, 2008). Their geographic
isolation has given rise to high rates of endemism
(Toyoda, 2003; Kawakami, 2010), similar to the
situation on other oceanic islands (Whittaker, 1998;
Emerson, 2002). In 2011, the United Nations
Educational, Scientific and Cultural Organization
(UNESCO) added the islands to its Natural World
Heritage List.
The Bonin flying fox (Pteropus pselaphon Lay,
1829) is endemic to the Ogasawara Islands, where it
is the only extant native mammal species (Inaba et
al., 2002). It reportedly inhabits only five islands
(Fig. 1): Chichi-jima, Haha-jima, Kita-iwo-to (Kitaiwo), Iwo-to (Iwo), and Minami-iwo-to (Minamiiwo) (Yoshiyuki, 1989; Inaba et al., 2002; Suzuki

and Inaba, 2010). At present, the largest population,
located on Chichi-jima Island, consists of 150–200
individuals (Suzuki and Inaba, 2010). Although demographic population data for the other islands are
insufficient, more than 100 individuals have been
recently recorded on Minami-iwo, and dozens are
assumed to inhabit Kita-iwo. In contrast, the species
is rare on Haha-jima and Iwo, raising concerns of
extinction on these two islands. Pteropus pselaphon
is currently estimated to comprise a total of 200–300
individuals (Suzuki and Inaba, 2010). Because of its
small overall population size and restricted habitat,
P. pselaphon is categorized as critically endangered
(Ishii and Maeda, 2008.).
When local populations of a species are reproductively isolated from one another, their divergence is accelerated because of the increased genetic drift that can lead to founder effect phenomena
when genetic diversity is low in smaller populations
(Wright, 1969; Templeton, 1980; Emerson, 2002).
With additional severe decreases in population size,
genetic diversity will be lowered. Such decreases
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Bats are important indicator species which can help in identifying areas where conservation efforts should be concentrated and
whether these areas are affected by ongoing climate change. To elucidate factors limiting and influencing the elevational distribution
of bats in a recognised biodiversity hotpot, the Soutpansberg mountain range (in Vhembe Biosphere Reserve) of northern South
Africa, we collected data in and around the Luvhondo Private Nature Reserve, by catching and acoustically monitoring bats over an
altitudinal gradient from 900 to 1,748 m. A total of 18 different species could be recorded. Two species, namely Pipistrellus hesperidus
and Chaerephon cf. ansorgei appeared to be present and dominant at all altitudes. Activity, species richness and diversity significantly
decreased with increasing altitude, whereas community composition was not related to altitude and no endemics to either low or
high altitude were detected. It is likely that the change of species richness and diversity over altitude is caused by other factors
correlated with altitude such as vegetation type, area size, energy availability and climatic differences. Our research demonstrated
that lower altitudes are richer and more diverse in bat species and since no highland endemics have been discovered, conservation
efforts in the area, regarding bats, should not ignore these lower altitudes which are most susceptible to human impacts leading to
habitat degradation due to over-grazing, bush encroachment, cultivation and denudation of large trees for firewood collection.
Key words: Soutpansberg Mountains, bat activity, species richness, species diversity, altitudinal distribution, South Africa, Limpopo
Province, Vhembe Biosphere Reserve

INTRODUCTION
Notwithstanding the current rate of biodiversity
loss due to anthropogenic pressure, climate change
will worsen the situation in the 21st century (Pereira
et al., 2010). According to Thomas et al. (2004), in
some regions about 15 to 37% of all species will
become extinct by 2050 due to climate change. McCain and Colwell (2011) predict that an alarming
number of vertebrate populations, distributed along
altitudinal gradients, will die out as a result of altitudinal shifts due to the effects of future changes in
temperature and precipitation.
To protect bats, as well as other species, it is essential to know in which areas conservation efforts

should be concentrated (Noss, 1990; Williams and
Gaston, 1993; Balmford et al., 1996). However, despite the urgent need for their protection, conservationists generally claim a major lack of knowledge
regarding the factors that limit the distribution of
bats (Mickleburgh et al., 2002). For many African
bat species, even basic information about their distribution range is lacking (Monadjem et al., 2010).
The effects of future climate change on plant and
animal distributions are largely unknown but potentially catastrophic. For example, a substantial number of Protea species in the Cape are predicted to
lose all representation in protected areas as a result
of range shifts due to climate change (Hannah et al.,
2005). Investigating the altitudinal distribution of
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We examined the distribution of Ficus sycomorus in relation to the movements and feeding, behavior of two species of epauletted
fruit bats in Kruger National Park in order to learn about the scale and tempo of the seed dispersal of this riparian tree. Radio-tagged
Epomophorus crypturus and Epomophorus wahlbergi restricted > 90% of activity within riparian forests having F. sycomorus
present; whereas, < 10% of activity occurred in thorn thickets where folivory on Balanites maughamii and frugivory on Sclerocarya
birrea appeared to offer secondary sources of forage. Bats usually carried figs to foliage perches within 200 m of the fruiting tree
before feeding. Within a night, maximum one-way movement was 13.9 km as bats visited ≤ four foraging patches. No significant
difference occurred between foraging ranges of E. wahlbergi at Skukuza (16.0 ± 3.0 ha) and E. crypturus at Shingwedzi (19.9 ± 5.1
ha). However, E. crypturus at Babalala had significantly larger mean foraging range (52.4 ha ± 4.5 ha) than either species elsewhere.
Mean foraging range, core use area, and long axis across foraging range of E. wahlbergi changed significantly with season, year,
and fig abundance. Our study suggests interdependence between F. sycomorus and the two species of fruit bats in Kruger National
Park with bat movements largely following the distribution of available ripe figs.
Key words: core-use area, Epomophorus wahlbergi, E. crypturus, Ficus sycomorus, figs, foraging range, radio-telemetry, seed
dispersal, South Africa

INTRODUCTION
Although numerous species of birds and mammals feed on the figs of sycamore fig trees, Ficus
sycomorus (Fenton et al., 1985; Braack, 1989; Maclean, 1993; Grant and Thomas, 2001), many consumer species may act as ‘seed predators’ (Janzen,
1971). Specific examples of seed predation on
F. sycomorus in our study area, Kruger National
Park (KNP), include Chacma baboons (Papio ursinus) and vervet monkeys (Cercopithecus aethiops)
that often ingest figs before the seeds are mature
(F. J. Bonaccorso and J. R. Winkelmann, personal
observations). Brown-headed parrots, (Poicephalus
cryptoxanthus) crack open seeds whilst ingesting
the embryonic tissues (Maclean, 1993). Finally,
a number of bird species, including African green
pigeons (Treron calva) grind fig seeds against grit
in their gizzards (Maclean, 1993) with few seeds
passing through the gastroenteric tract intact.
After the loss of many adult F. sycomorus during
severe flooding events in the 1990’s (Smithers et al.,

2001), in addition to observations that young
sycamore fig trees could not be found in KNP, study
of the life history and ecology of this tree as well as
its pollinators and seed dispersal agents were
encouraged in the KNP management plan. The fig
wasp, Ceratosolen arabicus, subsequently was identified as the pollinator of F. sycomorus in KNP (Neft
and Compton, 1996). Large viable seed sets in syconia of F. sycomorus demonstrated by successful
germinations of cultured seeds (F. J. Bonaccorso,
personal observations) warranted inference that fig
wasp pollination services in KNP were functionally
sound. The question then arose whether effective
seed dispersal was occurring in KNP?
Ficus sycomorus typically are limited to riparian habitats (Grant and Thomas, 2001) where
they may reach heights of 25 m and crown canopy
diameter of 40–50 m. Although peak production
of syconia (hereafter figs) occurs in the wet season, individual trees may produce ripe figs asynchronously throughout the year. A large tree may
produce tens of thousands of figs that ripen over
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We investigated how bats use habitat structure along the vertical gradient of an old-growth Sequoia sempervirens (redwood) forest.
Ground-based detection methods would underrepresent bats that use the canopy and above-canopy airspace in this forest as they
reach far beyond practical netting and acoustic detection range. We equipped two tall trees with full spectrum automated bat
detectors at treetop (108 m), lower crown (55 m), and ground level (5 m) from April 2008 to November 2009, excluding December
and January. We sampled 1,365 detector nights, recorded 3,769 echolocation sequences (bat passes), and found 12 species, two of
which, Lasiurus blossevillii and Tadarida brasiliensis, that had no prior documented presence in redwood forests. The maximum
proportion of bat activity occurred at treetop, although ground level species diversity exceeded that of the lower crown and treetop,
and species composition differed among locations. Non-Myotis species composed 95% of the calls at the treetop, 88% at lower
crown, and 21% at ground level. Calls from Myotis species averaged 71% of all calls recorded at ground level compared to less than
4% at both lower crown and treetop. Activity declined markedly, but did continue, during the winter months we sampled. The
combination of a temperate climate and observations of larger, migratory species during November, February, and March suggested
the potential for resident populations or inland migrants overwintering in this forest. These findings emphasize the importance of
sampling throughout the calendar year and including the full reach of the vertical habitat when quantifying bat activity in forests.
Key words: acoustic monitoring, vertical stratification, bat activity, habitat use, old-growth redwood, Sequoia sempervirens

INTRODUCTION
Sampling in forests across the world has revealed
clear variation in bat use across the height gradient
from ground level, up through the canopy, and
above the tallest trees (Francis, 1994; Bradshaw,
1996; Kalcounis et al., 1999; Hayes and Gruver,
2000; Bernard, 2001; Henry et al., 2004; Menzel et
al., 2005; Pereira et al., 2010). The ways bats distribute their activities along this vertical gradient
differs among forests (Kalcounis et al., 1999).
Diversity of foraging strategies and flight specializations among bat species confer advantages to
differentially exploit forest canopy structures. Oldgrowth forests have higher structural complexity
than younger forests and consequently exhibit
higher levels of bat activity and species diversity
(Hayes and Gruver, 2000). Ground-based capture
and acoustic techniques have insufficient range
to sample forest canopies and will miss or underrepresent high-flying open-air foraging bats that exploit the canopy and above-canopy airspace. In tall

forests, ground-based methods will also underrepresent bats using the understory and lower canopy.
The western North American coniferous forest
canopy has only received limited sampling of bat
use. Bats in the tallest of these forests, which are
dominated by Sequoia sempervirens (hereafter redwood), have been studied exclusively from ground
level, revealing that bats routinely use basal crevices
and fire cavities of redwood trees for night and day
roosts throughout the year (Gellman and Zielinski,
1996; Zielinski and Gellman, 1999; Purdy, 2002;
Mazurek and Zielinski, 2004; Roberts, 2008). Several species use these cavities as maternity roosts,
including a State of California species of special
concern and known cave roosting species, Townsend’s big-eared bat (Corynorhinus townsendii)
(Mazurek, 2004). Terrestrial based acoustic, netting,
and roost surveys indicate a high degree of overall
bat activity associated with redwoods, but the canopy remains virtually unexplored for bats.
Rich with suitable roosting habitat and a temperate climate (S. C. Sillett and R. Van Pelt, personal
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Bat activity is often concentrated near linear and edge landscape structures such as hedgerows, but information about seasonal and
species-specific bat activity near hedges is scarce despite their abundance in the cultural landscapes of central Europe. Exact
knowledge on animals’ habitat use, however, is key to effective landscape planning to avoid human-wildlife-conflicts, such as the
construction of wind turbines in areas with high bat activity that may result in bat fatalities. We measured bat activity in relation to
distance to hedgerows in an agricultural landscape in northeastern Germany. We recorded bat echolocation calls at ground level at
0, 50, 100 and 200 m distances from hedges at five sites during three nights in spring (April to June) and three nights in summer
(July to October) at each site. For all bat species we found the overall activity to be similar between seasons, with the highest activity
near the hedges, but with considerable variation in species-specific spatial activity patterns between spring and summer. While the
genus Myotis and Pipistrellus pipistrellus were mostly active close to the hedges at a similar intensity over the entire study period
(i.e. 84% and 86% of all bat passes, respectively), Nyctalus noctula and Pipistrellus nathusii showed generally less pronounced
concentration of activity near the hedges, and increased activity away from the hedges in summer. Similarly, Pipistrellus pygmaeus
showed decreased activity away from the hedges during both seasons, but with reduced activity near the hedges in summer. The
observed behavioural changes in activity in relation to distance to hedgerows are likely due to migration or the bats foraging for
different prey between seasons. Our findings are highly relevant for landscape planning and distance recommendations for the
construction of wind turbines linked to their potential threat for bats.
Key words: Nyctalus noctula, Pipistrellus spp., Myotis spp., landscape planning, wind energy, acoustic monitoring, bat conservation,
environmental impact assessment, bat fatalities, distance thresholds

INTRODUCTION
Bat activity often has been found to increase near
linear and edge landscape structures with vegetation, such as hedges, riparian zones or forest edges.
Bats use these linear vegetation structures for foraging and as flyways for commuting (Krull et al.,
1991; Entwistle et al., 1996; Walsh and Harris,
1996; Verboom and Huitema, 1997; Downs and
Racey, 2006; Boughey et al., 2011). The increased
activity near linear habitat structures has been explained partly by the bats’ orientation with echolocation. Hereby, the animals use linear structures as
landmarks and the predictable clutter of hedges or
forest edges serves as an acoustic guideline for commuting within their habitat (Schnitzler et al., 2003;

Schaub and Schnitzler, 2007). This emphasizes the
ecological importance of hedges in the bats’ habitat,
because hedgerows may increase habitat connectivity, especially within a fragmented cultural landscape where they constitute important orientation
landmarks also during long distance migration.
Furthermore, insectivorous bats forage along
hedges, possibly because of increased insect abundances near hedges relative to an agricultural matrix
(Maudsley, 2000; Pollard and Holland, 2006).
Additionally, hedges may protect bats from predation or wind, reducing the energy costs of flight or
improving the bats’ foraging efficiency when insect
abundances are increased in the lee of hedgerows
(Verboom and Spoelstra, 1999). The importance of
linear vegetation structures as foraging habitat is
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The knowledge of the diet of endangered species provides information on ecology and behaviour that is essential for the adequate
management of their populations. Population decline may be indeed associated with diet specialization and unavailability of feeding
resources, especially in modified environments. We studied the diet and prey selection of Rhinolophus hipposideros Borkhausen,
1797 in a modified Mediterranean landscape in Portugal, where this species is classified as vulnerable. Diet composition was
evaluated by analyzing faecal pellets collected in a breeding colony of R. hipposideros, and the available arthropods were sampled
using a light trap set outside the roost. The most consumed prey were Lepidoptera, Tipulidae (Diptera), Hymenoptera, Diptera and
Neuroptera. Arthropod diversity remained fairly constant in the diet, but not in terms of prey availability. Our results show that
R. hipposideros is a generalist species that feeds on a great number of prey species. However, our data suggest that, within the broad
dietary niche, R. hipposideros is not opportunistic, actively selecting Diptera as a preferred food item. Despite the marked differences in foraging habitats, our results are closely match to those of studies done in Western and Central Europe, suggesting that
R. hipposideros feeds on similar taxa all across Europe. However, as many studies indicate, this species selects broadleaved
woodlands and riparian vegetation to forage, so conservation measures should take into account the protection of native forest and
the maintenance of forest corridors among them, as R. hipposideros seems to avoid crossing open areas.
Key words: Rhinolophus hipposideros, diet, prey selection, Mediterranean forest

INTRODUCTION
The lesser horseshoe bat, Rhinolophus hipposideros Borkhausen, 1797, is the smallest European
horseshoe bat (MacDonald and Barret, 1993).
Globally, it is considered a ‘Least Concern’ species
according to the IUCN Red List, though it is recognized that many populations are decreasing in several regions throughout its distribution. Since the
1950s, this species has suffered a severe decline in
most of Western and Central Europe (Bontadina et
al., 2001). Presently, at the European level, it is considered an endangered species that is threatened by
the degradation of autochthonous woodlands, which
are key foraging habitats for R. hipposideros
(Bontadina et al., 2002; Motte and Libois, 2002;
Reiter, 2004; Zahn et al., 2008). Few studies have

investigated the habitat preferences of R. hipposideros in the Mediterranean region, where it seems
to prefer Mediterranean and sub-Mediterranean
woodlands and Mediterranean macchia for hunting
(Russo and Jones, 2003).
Though not an exclusively cave-dwelling species, in Portugal, where it uses caves and mines as
well as abandoned buildings, it is threatened not
only by the destruction of roosts and the blocking of
roost entrances in the case of underground sites, but
also by reckless restoration of abandoned houses
(Palmeirim and Rodrigues, 1992; Rainho et al.,
1998; Cabral et al., 2005). Bats are protected species in Portugal since 1967 and are covered by the
transposition of international legislation to the national legislation, namely the Bern Convention,
Bonn Convention and the Habitats Directive, which
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Population fluctuations, roost site selection and diet of straw-coloured fruit bats, Eidolon helvum (Kerr, 1792) were studied for
> one year in western Kenya. Total counts of bats at three identified roosts varied from 7,000 to 48,000 individuals. The bats moved
between roosts within the same general area, probably reflecting seasonal variation in the availability of preferred foods and/or
harassment and direct persecution at some roost sites by the rural community. Our study suggests that tree density and number of
branches on trees were important factors in roost site selection for E. helvum, and the removal of roost trees has serious ramifications
for their conservation in the region. Germination experiments and observations at roost sites indicated that E. helvum consumed
fruits from 31 plant species of 16 families, potentially assisting in the dispersal of their seeds. Further monitoring is needed to
provide a complete picture of the status and migration patterns of E. helvum in Kenya. Additionally, because the bats were viewed
negatively and persecuted by roost tree clearance and direct eradication attempts, an education and community outreach programme
in local schools and communities is proposed for the long-term conservation of viable populations of E. helvum in western Kenya.
Key words: population status, bat conservation, diet, education

INTRODUCTION
Fruit bats, or flying foxes, are keystone species
for the maintenance and re-establishment of natural
vegetation in the Old World tropics (Fujita and
Tuttle, 1991). The role in seed dispersal and pollination is particularly important in tropical forest
succession and vegetation dynamics (Fleming,
1982; Medellin and Gaona, 1999; Henry and Jouard,
2007). In general, fruit bats assist in maintaining genetic connectivity among fragmented patches in
tropical rainforests and distant habitats because of
their capability to fly over long distances (Richter
and Cumming, 2008; Smith et al., 2011; Tsoar et al.,
2011). A fruit bat species that forms large colonies,
and plays a key role in seed dispersal and plant pollination, is the straw-coloured fruit bat, Eidolon
helvum (Kerr, 1792). In West Africa, E. helvum is
a critically important seed dispersal agent for the
economically important and threatened timber tree,
the African teak (Milicia excelsa) (Taylor et al.,
1999; Taylor, 2005; Dainou et al., 2012). The ability of colony members to fly 59 km or more when
foraging enhances seed dispersal and through their

long annual migrations, single colonies can disperse
seeds even further (Richter and Cumming, 2008).
Colonies of E. helvum are rarely found in protected areas or in forests, but frequently near human
habitations especially roosting on trees in the gardens of institutional houses such as government offices and in large towns (Mutere, 1967; Fayenuwo
and Halstead, 1974; Baranga and Kiregyera, 1982;
Racey, 2004), probably because there are fruit trees
nearby. In Kenya, only a few colonies of E. helvum
are known. One of the largest is in Vihiga County,
ca. 30 km away from the rainforest at Kakamega.
The role of E. helvum in the dispersal of seeds and
pollination of flowers of many plants in western
Kenya may be important but remains unstudied.
Yet the species in Kenya is threatened by habitat
loss and direct killing attempts at roosts (P. W. Webala, S. Musila, and R. Makau, unpublished data).
Negative perceptions and traditional beliefs exert
pressure on householders to destroy the bats and
their roost sites. These threats are similar to those
facing the species elsewhere (e.g., Mickleburgh et
al., 2008; Akite and Kityo, 2009). Eidolon helvum is
listed as Near Threatened (NT) on the IUCN Red
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Bat activity over small ponds in dry Mediterranean forests: implications
for conservation
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In dry Mediterranean forests, ponds constitute essential water resources for animals, especially during summer months. In southeastern Spain, land use changes and the human abandonment of mountainous zones have led to the loss of many ponds. These ponds
are scarce landscape elements and, despite their usually small size (< 1,000 m2), they support a considerable amount of biodiversity.
We studied the patterns of use of these ponds by bats during the activity season in dry forest landscapes of a Mediterranean region
using acoustic monitoring. Our hypothesis was that these ponds are valuable landscape elements for bats, and bat activity and
richness species will be high over them. Bat activity and species richness were compared between ponds and adjacent sampling
points in the forest matrix. We recorded 14 bat species and our results show that both general bat activity (all species grouped
together) and species richness were higher in the ponds than in the forest areas. Bat activity was higher in June, however it decreased
during drier months (July–August), while activity in the forest increased. The number of species was constant in the areas
surrounding the ponds through the study period, but in the forest we observed an increase in July and a gradual decrease in
August–September. Similar results were obtained for most individual species, although in some species activity was also
influenced by temporal variables. Our study shows that the maintenance of small ponds may have important consequences for bat
conservation, as they support high bat diversity, including some species of conservation concern like horseshoe bats (Rhinolophus
spp.) or Myotis spp.
Key words: acoustic monitoring, biodiversity; conservation, Mediterranean region, species richness, water body

INTRODUCTION
Many water sources in dry Mediterranean forests
consist of small isolated ponds, which are replenished naturally. These ponds have been historically
maintained by local human populations, which used
them for livestock and as sources of drinking water.
However, they have fallen into disuse as result of
global changes in the pattern of human use in forest
landscapes, increasing water canalisation and the
over-exploitation of aquifers, so that most of them
have become unused and their very presence is
threatened (Vidal-Abarca et al., 2003). These habitats support a wide range of animal diversity, both
invertebrates (e.g., Gascón et al., 2008; Florencio et
al., 2009, 2011; Gómez-Rodríguez et al., 2009;
Hassall et al., 2011; Jeffries, 2011; Picazo et al.,
2012) and vertebrates (Beja and Alcázar, 2003;
Ruiz-Olmo et al., 2007; Razgour et al., 2010; Lisón
and Calvo, 2011), and they are particularly important during the dry months of summer. It is this role
in biodiversity preservation (Céréghino et al., 2008;

Oertli et al., 2009; Zacharias and Zamparas, 2010),
that has led to the protection of ponds under the
terms of the ‘Habitats’ Directive (92/43/EEC; habitat code 3170).
Many bats species are threatened in the world
and are therefore protected by international, national
and regional laws (Hutson et al., 2001; Mickleburgh
et al., 2002), since they are likely important for
ecosystem functioning (Jones et al., 2009) and
human activities (Boyles et al., 2011). Habitat loss,
modification and fragmentation are one of the major
causes of the decline in bat populations, especially
in the case of wetlands and small water bodies,
many of which are disappearing. In regions where
precipitation is scarce, small ponds take on particular importance for bats, precisely because of their
scarcity (Razgour et al., 2010, 2011; Lisón and
Calvo, 2011). Bat populations depend on water bodies in Mediterranean landscapes and their distribution has been suggested to limit the distribution of
species (Russo and Jones, 2003; Rainho and Palmeirim, 2011, 2013; Russo et al., 2012).
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Coastal cliffs on islands as foraging habitat for bats
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Small islands usually show simplified ecosystems with limited availability of suitable foraging habitats for bats, thus habitat
selection on islands may differ compared to the mainland. Habitats that are marginal on the mainland may be important on islands.
The island of Capri consists, to a large extent, of steep limestone cliffs and Mediterranean shrubland, with virtually no forests or
other habitats preferred by bats on the mainland. In this study we tested the hypothesis that in resource-limited systems, such as
islands, habitats generally deemed of minor value for bat foraging, such as cliffs, may become important. We conducted an acoustic
survey of bats in Capri (SW Italy), comparing their use of Mediterranean shrubland and limestone cliffs. We found that cliffs
provided the preferred foraging habitat in four of the five species tested. Noticeably, even the barbastelle bat Barbastella
barbastellus, normally considered a forest specialist, selected coastal cliffs as foraging habitat. Our observations indicate that the
paucity of foraging habitats on islands may strongly alter the habitat use by bats. This has important implications for conservation
of bats in insular environments.
Key words: Barbastella barbastellus, bat conservation, habitat selection, island ecology, Mediterranean

INTRODUCTION
Islands are ideal places to test ecological hypotheses. They are typically characterized by simple
landscapes and often impoverished, disharmonic biological communities, and are influenced by fewer
environmental variables to control for in ecological
studies (Whittaker and Fernandez-Palacios, 2007).
Bats constitute an especially important taxonomic
group on islands because they can fly and may colonize even oceanic insular systems, hard to reach or
inaccessible for most other mammals (Fleming and
Racey, 2010). Also, insular bat populations are usually small because they are sustained by limited resources (Fleming and Racey, 2010).
Particularly on small islands, key resources such
as freshwater (Russo and Jones, 2003) or forest
habitats may be very limited (Lomolino, 2005) and
habitat selection patterns of bats may strikingly differ from those on the mainland. For instance, Myotis
capaccinii, a bat specialized in hunting over rivers
and lakes (e.g., Biscardi et al., 2007), on a Greek

island relies instead on woody habitats (Davy et al.,
2007). Clearly, habitats that are of secondary value
on the mainland because of the limited resources
they can offer (Pulliam and Danielson, 1991) may
assume greater importance in insular environments,
offering unique opportunities to investigate their
ecological significance.
The mainland role of cliffs for bats is represented by the roosting opportunities this habitat offers
(Arlettaz et al., 2000; Brooke et al., 2000; Corbett et
al., 2008). Among European bats, Tadarida teniotis
(Arlettaz et al., 2000) and Vespertilio murinus
(Baagøe, 2000) frequently roost in cliff crevices.
However, mainland studies that have highlighted the
role of cliffs as foraging habitats are few (Saunders
and Barclay, 1992) and limited to desert habitats
(Korine and Pinshow, 2004).
In this study we tested the hypothesis that in
a small, resource-limited island, bats may shift their
ecology and behaviour to exploit habitats generally
deemed of minor value for foraging, such as rocky
cliffs. We predict that at least on a small island not
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Identification and characterization of swarming sites used by bats
in Nova Scotia, Canada
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For bats that are year-round residents of temperate areas, underground openings such as caves and abandoned mines are critical
resources in winter as hibernacula, and in autumn for swarming behaviours (mating, socialization, etc.). Like many parts of the
world, Nova Scotia, Canada, has many underground openings that have not been surveyed for bats. The feature(s) that affect the
suitability of these sites for hibernation or swarming is not known. As such, it is not possible to predict which ones are used by local
bats (Myotis lucifugus, Myotis septentrionalis and Perimyotis subflavus). Because it was not safe to enter the sites to conduct
hibernation counts, our goal was to relate bat activity at the entrance of underground openings during swarming to quantifiable
external metrics and to pre-existing data on internal site characteristics. Specifically, our objectives were to 1) identify abandoned
mines and caves that are used by bats for swarming and 2) quantitatively characterize factors which best differentiate between
underground openings that are used for swarming, and those that are not. We assumed that sites used by bats for swarming were
likely also used for hibernation. Acoustic and/or trapping surveys were conducted at 17 abandoned mines and eight caves in Nova
Scotia, five of which were previously known to be hibernacula. Results suggest that at least 12 of the 25 sites were swarming sites
(including seven newly identified sites). Logistic regression analysis of nine a priori selected models indicated that internal chamber
length was the best predictor of swarming activity. Two external variables, degree of shelter at entrance and total length of rivers in
landscape, were also important predictors. These variables have the potential to be used as indicators to identify swarming sites at
other sites in eastern North America. The swarming sites identified in Nova Scotia should be targeted for monitoring in light of the
devastating impacts that white-nose syndrome is having on North American bats.
Key words: Myotis lucifugus, M. septentrionalis, swarming, hibernation, Nova Scotia

INTRODUCTION
Species persistence depends on their ability to
adapt to the local environment (Morse, 1982).
Species that are year-round residents of temperate
areas experience large fluctuations in temperature
and resource availability. During the winter months
there is typically reduced food availability, which
may create an energy imbalance and animals may
have difficulty maintaining homeothermic conditions (Lyman et al., 1982). For such species, hibernation is one adaptation that facilitates survival.
Hibernation is used by many mammals, including
bats (Speakman and Thomas, 2003). In Atlantic
Canada, the three common species of bat are hibernators and depend on underground openings, including both caves and abandoned mines during the winter (e.g., Davis and Hitchcock, 1965; Fenton and

Barclay, 1980; Moseley, 2007a; Caceres and Barclay, 2000).
The importance of underground openings extends beyond the winter for many species of bats.
Bats congregate at caves and abandoned mines during the late summer and early fall in an activity
called ‘swarming’. During swarming, many species
of bats from a wide catchment area fly in and around
the entrances to underground openings (Davis and
Hitchcock, 1965; Hall and Brenner, 1968; Fenton,
1969; Thomas and Fenton, 1979; Parsons et al.,
2003a; Ingersoll et al., 2010). Many swarming sites
are also used as hibernacula (Fenton, 1969; Glover
and Altringham, 2008; Ingersoll et al., 2010). There
are multiple hypotheses to explain swarming, including that these sites function as mating sites
(Fenton, 1969; Thomas and Fenton, 1979; Rivers et
al., 2005; Furmankiewicz and Altringham, 2007)
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An island-wide monitoring program demonstrates decline in reporting rate for
the Christmas Island flying-fox Pteropus melanotus natalis
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Flying-foxes (Pteropodidae) show a high rate of island endemism, but island-endemic taxa have shown a high rate of decline and
extinction, mostly because their small population sizes are susceptible to hunting pressure and habitat loss. The Christmas Island
flying-fox is restricted to the 135 km2 Christmas Island (Indian Ocean), as either an endemic species Pteropus natalis or a markedly
distinct subspecies of Pteropus melanotus. Given recent declines and extinctions of other native vertebrate species on this Island,
this study sought to monitor population trends for this taxon. Monitoring flying-foxes at roost sites is difficult because they are
highly vagile, not all roost sites may be known to observers, and dense vegetation at some sites may make counts inaccurate. These
constraints are particularly evident on Christmas Island. In this study, we sought to establish a monitoring program complementary
to roost counts, and to assess changes in reporting rate from a baseline sampling of 107 sites spaced across the Island in 2006 to
a repeat sampling of those sites in 2012. Every site was visited four times, at night, over a period of 4–6 weeks in June–July of 2006
and of 2012, and observers reported whether or not they heard or saw flying-foxes around the sample site. A reporting incidence
measure (varying from 0 to 4) was derived for every site. This measure showed a significant decline (of 39%) between the 2006 and
2012 sampling. The observed rate of decline suggests that this taxon is of considerable conservation concern, and merits further
conservation action: indeed in 2014 its Australian conservation status was changed from not listed to Critically Endangered. The
cause of the current decline is not yet known, but this study indicates that factors additional to hunting and habitat loss may affect
island flying-fox species.
Key words: island, pteropodid, endemic, threatened species, monitoring

INTRODUCTION
Flying-foxes (family Pteropodidae) have a high
incidence of narrow endemism on islands, particularly in the Indian and Pacific Oceans (Helgen et al.,
2009). However, these island-endemic taxa have
proven to be remarkably susceptible to decline and
extinction, with 14 of 15 extinct bat species formerly restricted to islands (Jones et al., 2010) and a far
higher rate of ‘megachiropteran’ bats (mostly pteropodids) than ‘microchiropteran’ bats becoming extinct (4% compared to 0.3% — Jones et al., 2003).
Of 59 Pteropus species mostly confined to islands,
six are now extinct, 29 are considered threatened,
eight are Near Threatened, eight are Data Deficient
and only eight are Least Concern (data derived from

IUCN Red List: http://www.iucnredlist.org). This
high incidence of decline and extinction is partly because island flying-foxes typically have small population sizes, may be hunted unsustainably and/or
may be dependent upon the retention of a high proportion of an island’s native forests (Carroll and
Mace, 1988; Carroll and Feistner, 1996).
The Christmas Island flying-fox is restricted to
the isolated 135 km2 Christmas Island, an Australian
external territory in the north-eastern Indian Ocean
(10°30’S, 105°40’E — Fig. 1). Its taxonomic position remains unresolved and contested (Hutson et
al., 2008). It was described by Thomas (1887) as
a clearly differentiated endemic species Pteropus
natalis. However, Chasen (1940) subsequently
recognised it as a subspecies in the P. melanotus
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Installing gates at cave entrances to protect hibernating bat colonies is a widespread conservation action, particularly for endangered
bat species such as the Indiana bat (Myotis sodalis). However, there is surprisingly little evidence on the efficacy of gates for
improving population growth rates. We used change-point models to determine the effects of gate construction on Indiana bats. We
estimated population growth rates at 20 hibernacula pre- and post-gating and quantified the change in population growth rates after
gate installation. Hibernacula with increasing growth rates prior to gate placement all experienced decreased growth rates after
installation. For hibernacula with declining growth rates prior to construction, growth rates increased moderately after installation.
When weighted by population size, average change in growth rates across all 20 hibernacula was negative. Our results suggest that
use of gates at hibernacula with growing populations may relate to unintended declines in growth rates but that, at hibernacula with
declining populations, installation of gates may lead to moderate increases in local population growth rates.
Key words: cave, change-point, gating, hibernaculum, Indiana bat, Myotis sodalis

INTRODUCTION
Caves and artificial underground sites such as
mines are widely used by hibernating bats (Altringham, 1996). These sites are crucial to bats because
a single hibernaculum can contain a significant proportion of the entire population. Hibernating bats are
sensitive to anthropogenic disturbances, often increasing activity levels in response to human stimuli (Speakman et al., 1991; Thomas, 1995). These
activities can be detrimental to bats by depleting
energy reserves during a period when foraging
opportunities are limited (Thomas et al., 1990).
Human entrance into hibernacula may also inadvertently increase the spread of fungal pathogens detrimental to bat populations (Lindner et al., 2011).
Because anthropogenic disturbances of bat hibernacula are recognized as having the potential to
negatively impact bats, widespread restriction of
human access to hibernacula has been achieved by
constructing gates at cave entrances (Tuttle, 1977).
The installation of gates to conserve bat populations
was initially a problematic approach, as inappropriate designs led to altered temperature regimes and

changes in behavior that, in some cases, actually exacerbated population declines (Richter et al., 1993;
Ludlow and Gore, 2000; Pugh and Altringham,
2005; Spanjer and Fenton, 2005). However, improved design of gates largely alleviated these
issues (White and Seginak, 1987; Tuttle and Taylor,
1998; Kennedy, 2003) and today gating remains one
of the most common management tools for protecting hibernacula for declining bat species.
Many bat species are experiencing declines in
abundance associated with factors ranging from
novel disease outbreaks to habitat loss (O’Shea and
Bogan, 2003; Haysom et al., 2013). One such declining species, the Indiana bat (Myotis sodalis), is
decreasing in abundance throughout its range in the
eastern United States and is in danger of local extirpations in the near future (Thogmartin et al., 2013).
These declines are occurring despite legal protection
afforded to the species through its listing as endangered in the United States (United States Fish and
Wildlife Service, 2007). The largest source of recent
mortality for Indiana bats is white-nose syndrome,
which is caused by a fungal pathogen (Pseudogymnoascus destructans) associated with widespread
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We compiled the available information on the occurrence and timing of migratory bat activity across the Baltic Sea and south-eastern
North Sea coasts and islands, based on ultrasonic monitoring projects at 19 localities in 2007–2009. The data refer to three species;
Nathusius’ pipistrelle Pipistrellus nathusii, soprano pipistrelle P. pygmaeus and common noctule Nyctalus noctula. Pipistrellus
nathusii occurred at all sites (north to 61°N in Finland), while the other species were scarcer, particularly at the northernmost sites.
The status of the recorded individuals is unknown. However, the activity most likely was of migrating individuals or individuals on
migration stopover, because very few observations were made during the maternity period. Spring activity occurred predominantly
in May, with the median observation date of P. nathusii 20 days earlier in the south (Germany) than in the north (Finland). Autumn
migration was observed throughout August and September and activity that may or may not indicate migration was also observed
in October and November. The median date of such activity in autumn usually occurred in September and without any significant
difference in timing in relation to latitude. Migratory bats in the Baltic area apparently move on a broad front in most cases. The
estimated speed of migration for P. nathusii in spring was 55 km/day. The entire coastline and islands around the Baltic Sea are of
potential importance for migrating bats in spring (April–May) and autumn (August–September) and should achieve relevant
protection according to EU legislation and its implementations.
Key words: Europe, life history, migration, wind turbines, Pipistrellus, Nyctalus

INTRODUCTION
Long-distance migration in bats is a world-wide
phenomenon. It may have evolved in response to
seasonal variations in food availability at least in
some cases, such as in nectar feeding tropical bats,
while in hibernating bats at high latitudes, the reason
behind the migration pattern is less clear. Nevertheless, it is usually assumed that long-distance
migration in bats has to do with the avoidance of

seasonally inclement weather and/or low food availability (Fleming and Eby, 2003).
There is an explicit need for a better understanding of bat migration in general and for the identification of important migration routes used by bats in
particular. This is partly because there is a potential conflict with humans in areas frequented by
migrating bats, arising from demands for exploitation of such areas, e.g., coastlines frequently used
for the construction of wind farms. It has become
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Sex-specific seasonal change in body mass in two species of vespertilionid bats
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In most mammals, reproductive cost differs between males and females in timing and duration because of the different sex-specific
energy allocation strategies to maximize fitness. The differences in reproductive strategy adopted by sexes may result in differences
in seasonal variation of body mass. Here seasonal variations in body mass are discussed for two species of vespertilionid bats:
Daubenton’s bat (Myotis daubentonii) and Savi’s pipistrelle (Hypsugo savii). Both species were observed to have a seasonal
variability in body conditions, which was sex dependent. In late spring and for a given forearm length, females were heavier than
males, but differences were small in late summer. Furthermore, female’s body mass decreased during late spring and summer likely
to support the energy requirement for lactation, while male’s mass did not change (H. savii) or slightly increase (M. daubentonii)
over the same period. On the contrary male M. daubentonii depleted body fat reserves during early autumn, likely because of the
energy expenditure to increase mating opportunities. Our results suggest that seasonal changes in body condition in hibernating bats
may reflect the differences in reproductive strategies between sexes.
Key words: reproductive cost, body condition, Hypsugo savii, Myotis daubentonii, reproductive strategies

INTRODUCTION
The theory of evolution assumes that life history
evolves under natural selection pressure to maximize fitness (Roff, 1992; Stearns, 1992; Brommer
et al., 1998). Therefore, individuals should allocate
energy for maintenance, growth, survival and reproduction, in order to maximize fitness benefits in
terms of viable offspring (Fisher, 1930; Williams,
1966; Stearns, 1992). Body size is generally recognized to play a substantial role in energy allocation
trade off, as mass is often the main target of selection and strongly correlated with survival and reproduction (Peters, 1983; Stearns, 1983; Calder, 1984;
Fairbain, 1997).
For most mammals, magnitude, timing and duration of reproductive cost depend on gender, because
of the different sex-specific energy allocation strategy adopted to maximize fitness (Gittleman and
Thompson, 1988; Clutton-Brock and Parker, 1992).
Generally, mammals have a polygynous mating
system and males do not contribute to parental care
(Clutton-Brock, 1989). Hence, male reproductive
cost is often limited to the mating season and mainly
relies in achieving as many mating as possible to increase reproductive success (Trivers, 1972). On the

contrary, female’s energetic cost for gestation and
lactation is higher than mating acquisition cost of
males (Gittleman and Thompson, 1988; CluttonBrock et al., 1989) and normally lasts from early
gestation to the weaning of offspring. The differences in reproductive strategies that are adopted by
sexes to maximize fitness may result in differences
in foraging behavior, food intake and seasonal variation in body mass.
Body mass variations also depend upon seasonal
availability of food. Hibernation is an adaptation to
overcome food shortage in winter. Prior to hibernation animals store fat reserves, which are depleted to
satisfy energy requirements of basal metabolic rate
and to arouse from hibernation (Speakman and
Rowland, 1999; Neuhaus, 2000).
In mammals living in seasonal environments,
food availability and reproductive strategies are the
two main factors affecting variation in body mass
(Chan-McLeod et al., 1999; Beck et al., 2003),
which may reflect sex-specific differences in reproductive strategies and evolutionary pressures.
Therefore studies on sex-specific differences in seasonal mass changes have a strong fundamental value
to understand the evolution of reproductive strategies in mammals. That is particularly true for bats
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MicroCT imaging reveals morphometric baculum differences for discriminating
the cryptic species Pipistrellus pipistrellus and P. pygmaeus
ANNA NELE HERDINA1, 6, PAVEL HULVA2, 3, IVAN HORÁČEK2, PETR BENDA2, 4, CHRISTINE MAYER1,
HELGE HILGERS5, and BRIAN D. METSCHER1
1Department

of Theoretical Biology, Faculty of Life Sciences, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria
Department of Zoology, Faculty of Science, Charles University, Viničná 7, CZ-128 44 Praha 2, Czech Republic
3
Life Science Research Centre, Faculty of Science, University of Ostrava, Chittussiho 10, CZ-710 00 Ostrava, Czech Republic
4
Department of Zoology, National Museum (Natural History), Václavské náměstí 68, CZ-115 79 Praha 1, Czech Republic
5
Department of Integrative Zoology, Faculty of Life Sciences, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria
6Corresponding author: E-mail: annanele.herdina@univie.ac.at
2

With the recent and continuing discovery of further cryptic bat species, it is essential to find morphological species discriminating
characters. Pipistrellus pipistrellus (common pipistrelle) and Pipistrellus pygmaeus (soprano pipistrelle) have been recognized as
separate species since 1997, but no reliable morphological species discriminating trait has yet been found. The most commonly used
morphological species discrimination traits are ‘wing vein’ pattern and shape and color of the penis, but these have not
been validated on sets of genetically identified specimens. The baculum (os penis) has long been used successfully in species
discrimination in bats and other mammals. In this study, we tested the reliability of the established traits and demonstrated how to
reliably separate the common pipistrelle and the soprano pipistrelle by simple baculum measurements. The bacula of museum
specimens of these two species and of Pipistrellus hanaki were imaged with high-resolution microCT. Several measurements were
taken on the size-calibrated volume images, and their value for species discrimination was tested by discriminant analysis with
leave-one-out cross validation. We showed that P. pipistrellus and P. pygmaeus specimens can be discriminated by measuring the
projected length, height, and width of the baculum (n = 48; all but one classified correctly). Geometric morphometrics was used to
analyze and locate variations in baculum shape. Principal component analysis of baculum variation was not sufficient to separate
these species. Most of the interspecific variation in baculum shape can be found in the proximal third (the base) of the baculum, and
most individual variation can be observed in lateral view, especially in the dorsoventral curve. Quantitative details of morphology
are becoming more important to distinguish cryptic species and understand their phylogeographic distributions. The simple baculum
measurements can be used to classify single specimens and could be taken without microCT, on a resected baculum.
Key words: os penis, morphometrics, micro-CT, x-ray microtomography, Vespertilionidae

INTRODUCTION
Finding morphological characters to properly describe and discriminate newly discovered cryptic
species is becoming an important challenge, with
the growing number of species discovered due to the
rise of molecular techniques in taxonomy. The problem posed by cryptic species to the traditional morphospecies concept has long been recognized (Mayr,
1942), and the widespread application of genetic
tools has revealed that morphologically similar population groups can consist of several genetically distinct species (Baker et al., 1995; Bruna et al., 1996).
In Palearctic bats, cryptic diversity has emerged
as a major subject of research in the last decade.

Cryptic species or species complexes in the Western
Palearctic have been discovered in the genera
Eptesicus, Hypsugo, Myotis, Pipistrellus, Plecotus,
and Rhinolophus (Jones and Barlow, 2001; Mayer
and von Helversen, 2001a, 2001b; von Helversen et
al., 2001; Hulva et al., 2004a; Ibáñez et al., 2006;
Spitzenberger et al., 2006; Mayer et al., 2007; Benda and Vallo, 2012; Salicini et al., 2013). Cryptic
species frequently go undetected because their diagnostic features are in sensory modalities very different from our own, such as olfactory cues or the ultrasonic calls of microchiropteran bats (DavidsonWatts et al., 2006).
The Pipistrellus pipistrellus/Pipistrellus pygmaeus species complex is an iconic example of this
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A review of the occurrence of bats (Chiroptera) on islands in the North East
Atlantic and on North Sea installations
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The bats recorded from Iceland, the Faroe Islands, the Shetland Islands, the Orkney Islands, and North Sea installations are reviewed
to the end of 2012. In total 12 species have been positively identified, while a considerable proportion of all records are sightings of
unidentified bats. Eight of the species are European in origin and four originate from the New World. The largest number of species
(8) has been recorded in Iceland, but the greatest number of individuals (180) has been found in Orkney. The bat invasion on
the Faroe Islands in 2010 is without precedence, when 70 observations of a minimum of 45 individuals were noted. Most bat
observations in the study area occurred in the autumn, with fewer in the spring. Most observations were of single animals, but there
were also sightings of up to 12 individuals. There has been a marked increase in bat records in the past three decades. We discuss
whether this is a real increase, or due to improved communications, increased public awareness, increased shipping, changes in
weather patterns and/or the effects of climate change. All factors appear to be involved.
Key words: Iceland, Faroes, Shetlands, Orkneys, North Sea, vagrancy, ship-assistance, climate change, invasion, identification
problems

INTRODUCTION
The order Chiroptera is widespread through most
parts of the World. The greatest proportion of families, genera and species are found in the tropics and
sub-tropics, with a lower proportion in temperate
zones. Within temperate zones, the number of
species decreases with increasing latitude. In temperate zones, insectivorous bats are restricted to
those areas with good supplies of food to sustain
them through the spring and summer breeding periods and enable them to build up adequate fat reserves in the late summer and autumn ready for hibernation through the winter (Yalden and Morris,
1975; Hill and Smith, 1984; Rolland et al., 2014).
Migratory behaviour and vagrancy are particularly well-known in birds and bats (Ahlén, 1997;
Hutterer et al., 2005; Ahlén et al., 2009), in which
the ability to fly makes it easier to disperse outside
their normal range. Bats employ a variety of strategies to make best use of the available habitats. Some
species occupy relatively small territories, travelling

only short distances in search of food and between
breeding roosts and winter hibernacula, while other
species migrate for medium to long distances, in
order to exploit resource-rich areas.
The North East Atlantic islands, comprising
Iceland with its fluctuation between subarctic winters and temperate summers and the Faroe, Shetland
and Orkney islands with temperate but cool winters
and summers, with one exception do not have resident populations of bats. Nor are the islands considered to be on normal migration routes, although
stragglers do reach them on occasion. The species
involved and the frequency of these occurrences
undoubtedly depends on the distance from their normal range, but a number of other factors, such as
population numbers, vagrancy, and unintentional
transport by humans, are also important. In the long
run, global environmental changes such as climate
change may also modify traditional distribution
patterns.
The present study examines records of bats from
the North East Atlantic islands of Iceland and the
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A survey of bats in a karst landscape in the central Philippines
JODI L. SEDLOCK1, 6, REIZL P. JOSE2, JESSICA M. VOGT1, 3, LISA MARIE J. PAGUNTALAN4, and APOLINARIO B. CARIÑO5
1Lawrence

University, Biology Department, Appleton, WI 54911 USA
Bohol Island State University, Bilar, Bohol, Philippines
3
Center for the Study of Institutions, Population, and Environmental Change, Indiana University, Bloomington, IN 47408 USA
4
Philippines Biodiversity Conservation Foundation, Bacolod City, Negros Occidental, Philippines
5
Federation of Farmers that Protect and Rehabilitate the Environment, Inc. (PENAGMANNAKI), Negros Oriental, Philippines
6Corresponding author: E-mail: sedlockj@lawrence.edu
2

Karst landscapes are biologically diverse and unique ecosystems that are especially important to bats. As in other parts of Southeast
Asia, cave roosting bats in the Philippines have suffered extensive human disturbance, and as a result, may be declining. Here we
contributed to a region-wide effort to assess the status of cave bats by surveying bats in well-known caves and forest on limestone
on Bohol Island in the central Philippines. We also assessed cave disturbance through physical signs and interviews. We observed
and acoustically detected bats representing a total of 14 taxa in 23 of the 25 caves surveyed. Few species were present in most caves
(median = 2 spp.) and only three caves had large numbers of bats (> 1,000). However, of the 29 bat species captured in forest,
19 are known to roost in caves, including the poorly known Philippine endemic, Hipposideros coronatus. Most surveyed caves
experienced either current or historical human disturbance (88%), primarily by collectors of edible bird’s nests, bats for food, and
guano for use as fertilizer in rice fields. High species richness, signs of population decline, and high human disturbance all point to
Bohol Island as an important conservation area for cave-roosting bats in the Philippines.
Key words: Bohol, cave bats, disturbance, echolocation, karst, Philippines

INTRODUCTION
Karst landscapes cover approximately 400,000
km2 of Southeast Asia (Day and Urich, 2000) and
support diverse assemblages of species (Clements
et al., 2006). Moreover, they provide foraging
habitat and abundant cave roosts essential for many
bat species’ survival (Racey, 2007; Struebig et al.,
2009). Some of these caves house large concentrations of bats (e.g., ca. one million bats, Gomantong
and Deer Caves, Sabah, Malaysia — Abdullah et al.,
2007) that ‘engineer’ the cave environment, creating
habitat for other cave-dwelling species (Deharveng
and Bedos, 2000; Ladle et al., 2012). Cave bats provide critical ecosystem services across the landscape
(Kunz et al., 2011) as seed dispersers (Corlett,
1998), pollinators (Corlett, 2004), and consumers of
herbivorous insects (Leelapaibul et al., 2005). However, cave communities and karst ecosystems are
being transformed throughout the region (Gillieson,
2005; Clements et al., 2006). Limestone mining,
phosphate and guano extraction, harvesting of
edible swiftlet nests (Hobbs 2004), tourism (Alcala

et al., 2007), and hunting of bats for food (Mickleburgh et al., 2009; Scheffers et al., 2012) threaten
cave ecosystems. As a result, the documentation and
conservation of cave bats and their associated ecosystems has been identified as a priority in Southeast
Asia (Kingston, 2010).
Within Southeast Asia, Philippine cave bats may
deserve special attention because karst landscapes
cover approximately 10% of the archipelago’s land
area (Restificar et al., 2006). Moreover, the islands
have undergone extensive deforestation — only 3%
lowland old-growth forest remains (Myers et al.,
2000) and annual percent secondary forest loss is the
highest in Southeast Asia (Sodhi et al., 2010). An
impressive number of endemic species (133 land
mammal species) exist due to the archipelago’s historical isolation from mainland Southeast Asia and
a dynamic geological past (Heaney and Regalado,
1998; Heaney, 2000). Among the 79 bat species described from the Philippines, 35 have been documented as utilizing caves, including nine endemic
species (Heaney et al., 2010, 2012). However, the
extent to which these species rely on caves and
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Acoustic identification of bats in the southern Western Ghats, India
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Bats play crucial roles in ecosystems, are increasingly used as bio-indicators and are an important component of tropical diversity.
Ecological studies and conservation-oriented monitoring of bats in the tropics benefit from published libraries of echolocation calls,
which are not readily available for many tropical ecosystems. Here, we present the echolocation calls of 15 species from the Valparai
plateau in the Anamalai Hills, southern Western Ghats of India: three rhinolophids (Rhinolophus beddomei, R. rouxii (indorouxii),
R. lepidus), one hipposiderid (Hipposideros pomona), nine vespertilionids (Barbastella leucomelas darjelingensis, Hesperoptenus
tickelli, Miniopterus fuliginosus, M. pusillus, Myotis horsfieldii, M. montivagus, Pipistrellus ceylonicus, Scotophilus heathii,
S. kuhlii), one pteropodid (Rousettus leschenaultii) and one megadermatid (Megaderma spasma). Discriminant function analyses
using leave-one-out cross validation classified bats producing calls with a strong constant frequency (CF) component with 100%
success and bats producing frequency modulated (FM) calls with 90% success. For five species, we report their echolocation calls
for the first time, and we present call frequencies for some species that differ from those published from other parts of the species’
ranges. This exemplifies the need for more local call libraries from tropical regions to be collected and published in order to record
endemic species and accurately identify species whose calls vary biogeographically.
Key words: acoustic identification, call library, bats, frequency modulated, constant frequency, multiharmonic, Western Ghats,
India, South Asia

INTRODUCTION
Bats are the second most species rich order of
mammals, with great ecological diversity, especially
in the tropics. They undertake a range of ecosystem
services, including seed dispersal, pollination and
insect control. A variety of ecologically and commercially important plants rely on bats to some degree as pollinators or seed dispersers (Kunz et al.,
2011). Bats are also increasingly used as bioindicators to assess the biodiversity potential of areas and
monitor environmental changes (Fenton et al., 1992;
Jones et al., 2009; Pedersen et al., 2012), and there
is therefore a need for reliable methods for studying
bat assemblages.
For many parts of the tropics we lack even the
most basic information on the abundance of different bat species, their distribution and habitat requirements. The development of comprehensive survey
and monitoring methods is therefore critical for understanding the current status of bats and allowing

future monitoring of populations (MacSwiney et al.,
2008). The two main methods used for the study of
bats are capturing them with mist nets and/or harp
traps, or recording their echolocation calls using ultrasound detectors. The use of ultrasound detectors
in the tropics has been hampered by the lack of reliable call libraries, which allow identification of bats
to genus or species level from their echolocation
calls.
Handling bats directly usually allows better species identification than acoustic methods, although
some cryptic species are more easily separated by
calls (Fenton, 1999), and allows the collection of
useful data on the individual bat. However, it is also
time-consuming and invasive. Further, it can also
lead to biases in sampling as many species fly high
above nets, are more agile or are better at detecting
nets than others (O’Farrell and Gannon, 1999; Larsen et al., 2007). Habitats such as open fields, large
water bodies or tall canopies cannot be easily or
effectively sampled using capture methods.

Acta Chiropterologica, 16(1): 223–230, 2014
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS
doi: 10.3161/150811014X683417

Evaluation of mobile acoustic techniques for bat population monitoring
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Understanding population trends of any species is essential for conservation and management. However, due to difficulty in
sampling some species, population status of many bat species is poorly understood. In an effort to resolve this issue, especially in
light of emerging threats (e.g., white-nose syndrome and wind energy), a national mobile acoustic monitoring protocol, modeled
after European programs, was developed to survey summer bat populations in the United States. While the program calls for
conducting transects along roadways, some have suggested that waterways may allow for the gathering of more information.
Therefore, we quantified species richness and abundance along car and boat transects to identify the most efficient mobile method.
Furthermore, to compare the capabilities of mobile acoustic transects to a more traditional and better understood survey method, we
compared species density along transects to stationary acoustic detectors. Using sample-based rarefaction, there was no difference
at the 95% confidence level in species density (species/sample) between methods, however stationary points accumulated species
more quickly than mobile methods. Of the mobile transect methods, car transects had higher diversity indices than boat transects
and tended to show slightly higher species density. While over 1.5 times as many calls were recorded and identified along boat
transects, there were no clear advantages of boat transects for monitoring bats except for Myotis grisescens. Additionally, car
transects were least time consuming, leading us to conclude that car transects are the most efficient mobile acoustic method to
monitor species. Mobile acoustic transects can likely monitor 2–4 species in the Eastern United States, including species with no
current population monitoring methodology.
Key words: active sampling, Anabat, bats, mobile acoustic monitoring, passive sampling, population monitoring, sampling methods

INTRODUCTION
Population monitoring is an essential part of
wildlife management. Understanding population
trends and distribution of a species allows managers
and policy makers to evaluate management actions
and provide appropriate legal protections. However,
designing and implementing statistically robust
monitoring programs is often resource intensive and
beyond the capacity of many budgets (Field et al.,
2005). As a result, few species have a reliable monitoring program in place.
While the value has been regularly recognized,
monitoring of North American bat populations has
been limited primarily to protected cave dwelling
species. Monitoring efforts for other species are
plagued by inconsistent methodologies, inadequate
resources, and sampling biases leading participants
in a 1999 monitoring workshop to conclude that new
methodologies are needed in order to reduce bias,
increase consistency, and achieve monitoring goals

(O’Shea et al., 2003). One reason for these difficulties is that bat populations exhibit extremely high
spatial and temporal variation in activity levels,
adjusting their foraging area across the landscape in
response to unknown or unpredictable variables
(e.g., insect abundances, weather, etc.; Hayes,
1997). Therefore historical sampling methodologies
(both acoustic and capture) have been unable to
meet statistical assumptions for rigorous population
monitoring.
Emergence of two large scale threats to bat populations in the mid-2000’s has underscored the need
for national bat population monitoring in the United
States. White-nose syndrome (WNS), a fungal infection discovered in 2006, has killed approximately 5.7–6.7 million hibernating bats across at least
22 states (U.S. Fish and Wildlife Service, 2012),
threatening once abundant species with extinction
(Frick et al., 2010). Additionally, bats are increasingly threatened by wind energy facilities where
0.1–69.6 bats are killed per turbine per year (Arnett
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Concern for migratory tree-roosting bats in North America has grown because of possible population declines from wind energy
development. This concern has driven interest in estimating population-level changes. Mark-recapture methodology is one possible
analytical framework for assessing bat population changes, but sample size requirements to produce reliable estimates have not been
estimated. To illustrate the sample sizes necessary for a mark-recapture-based monitoring program we conducted power analyses
using a statistical model that allows reencounters of live and dead marked individuals. We ran 1,000 simulations for each of five
broad sample size categories in a Burnham joint model, and then compared the proportion of simulations in which 95% confidence
intervals overlapped between and among years for a 4-year study. Additionally, we conducted sensitivity analyses of sample size to
various capture probabilities and recovery probabilities. More than 50,000 individuals per year would need to be captured and
released to accurately determine 10% and 15% declines in annual survival. To detect more dramatic declines of 33% or 50% survival
over four years, then sample sizes of 25,000 or 10,000 per year, respectively, would be sufficient. Sensitivity analyses reveal that
increasing recovery of dead marked individuals may be more valuable than increasing capture probability of marked individuals.
Because of the extraordinary effort that would be required, we advise caution should such a mark-recapture effort be initiated
because of the difficulty in attaining reliable estimates. We make recommendations for what techniques show the most promise
for mark-recapture studies of bats because some techniques violate the assumptions of mark-recapture methodology when used to
mark bats.
Key words: capture probability, Burnham joint model, lasiurines, mark-recapture, migration, recovery probability, survival

INTRODUCTION
To assess changes in the condition of bat populations, biologists can monitor various population parameters, including abundance, population change,
and survival (Kunz et al., 2009; O’Donnell, 2009).
A common sampling and analysis framework used
to estimate such population parameters is markrecapture methodology (Schwarz and Seber, 1999).
However, a challenge to conducting such studies is
determining the level of sampling required to produce reliable estimates, especially when sample size
depends on many factors, including the detectability
of the species, desired precision, and scope of study
(Williams et al., 2001). Although population size
(abundance) is a popular parameter of interest, satisfying the assumptions for models of abundance is
more challenging than for models of other parameters, such as survival or population change (λ)

(White et al., 1982). Alternately, survival is a parameter that can be estimated directly from mark-recapture studies, and model extensions provide estimates
of λ (Pradel, 1996).
Recently, the status of bat populations has been
of particular interest because landscape-level impacts, such as wind energy development and whitenose syndrome, are reducing or threatening bat populations in North America (Kunz et al., 2007b; Frick
et al., 2010b). Accurately assessing bat population
status is challenging, primarily because of the difficulty in observing and detecting bats (Kunz et al.,
2009). Compared to other wildlife species, bats are
problematic because they are small, cryptic, nocturnal, inconspicuous when active, and live in sometimes inaccessible habitats. These challenges have
not deterred bat marking studies dating back to 1916
in which unique bands were attached to the arm or
leg of a bat (Allen, 1921).
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The impact of sampling method on maximum entropy species distribution modeling
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As species distribution modeling (SDM) becomes more commonly incorporated into ecological studies, there is a need to address
how the use of different sampling techniques for assessing the presence of a species can impact the final models produced. Over
a four-year period, we sampled for the presence of bats throughout North Dakota via mist netting (physical capture) and ultrasonic
acoustic monitoring. We used maximum-entropy modeling to develop habitat suitability maps for each study species using physical
capture data, acoustic data and both detection techniques combined. We evaluated the amount of niche overlap between maps to
determine how sampling technique impacted the final SDMs and which technique was best for modeling SDMs for each species.
We found variation among species in the amount of overlap between SDMs, ranging from pronounced differences (33.9% overlap;
Myotis septentrionalis) to highly similar models (80.4% overlap; Myotis lucifugus). Our findings show that acoustic detection results
in better SDMs for Myotis spp. while physical capture was best for modeling Eptesicus fuscus and Lasionycteris noctivagans.
Although both methods produce highly reliable SDMs, care must be taken when using maximum-entropy modeling for species in
which presence data can be gathered in multiple ways. We emphasize that researchers should consider the ecology and behavioral
characteristics of their focal species to address any biases associated with sampling technique.
Key words: acoustic sampling, distribution, MaxEnt, mist nets, physical sampling, sampling bias, SDM, species

INTRODUCTION
Understanding the ecological and climatic factors that drive limitations of a species distribution is
of fundamental importance for many conservation
issues. Documentation of a species’ distribution provides the baseline information needed for future
studies assessing range modifications, habitat use,
genetic robustness, and conservation mitigation
efforts (Austin, 2002; Carvalho et al., 2011). Unfortunately, range maps are often too simplistic
and lead to misinformed interpretation of a species’
true distribution. These maps typically do not accurately depict the exact locations of populations,
as most are simple polygons (Brown et al., 1996)
that do not include information about ‘islands’ of
species presence outside of the main distribution
and/or include areas within the polygon that do
not represent suitable habitat. The lack of biologically relevant information (i.e. climatic and habitat data) and associations of the focal species
with these variables means that polygon range
maps provide limited information, especially when

attempting to ask more advanced questions about
the ecology and behavior of a species, or when
developing effective conservation plans (Rocchini et
al., 2011).
Maximum-entropy modeling is a relatively new
method for producing species distribution models
(SDMs) that relies on presence data alone (i.e., information about areas of species absence is not
needed). Such presence-only modeling has been
shown to be very reliable and competitive with other
high performing modeling techniques (Elith et al.,
2010). This method allows for habitat suitability
maps, where species presence is scored across small
geographic areas as likely (score near 1) or unlikely
(score near 0) (Phillips and Dudik, 2008). To develop these suitability estimations, the researcher
selects key climatic and ecological variables for
a given region and correlates each record of a species’ presence with these parameters. Ultimately,
the maps produced from maximum-entropy modeling represent areas of highest to lowest suitability for the given species across the geographic
range. Researchers can then use these maps to focus
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ALLEN KURTA
Department of Biology, Eastern Michigan University, Ypsilanti, MI 48197, USA
Corresponding author: E-mail: akurta@emich.edu
Field biologists almost invariably report relative humidity as a measure of moisture in the air and assume that relative humidity
somehow predicts evaporative water loss from an animal. In this paper, I use the vapor pressure gradient to show that, under
conditions of constant relative humidity, evaporative water loss from the body surface of a hibernating bat can vary by more than
100%, depending on ambient temperature. Potential evaporative water loss at constant relative humidity is an increasing curvilinear
function of ambient temperature for a torpid bat that has a surface temperature equal to surrounding air temperature, but a decreasing
curvilinear function of air temperature for an aroused bat in the hibernaculum. Under some circumstances, evaporative loss actually
can be greater in a hibernaculum with higher relative humidity than in one with lower relative humidity. When examining potential
differences in evaporative water loss between sites, habitats, or treatments, biologists should consider the absolute (not relative) level
of ambient moisture, as well as the surface temperature of the animal, which greatly affects the tendency of water molecules to
evaporate.
Key words: evaporation, evaporative water loss, hibernation, humidity, relative humidity, vapor pressure

INTRODUCTION
Ecologists often are interested in whether levels
of ambient moisture affect the activity of bats or
their patterns of roost selection, presumably because
of the resulting changes in evaporative water loss
from the body of the animals. In North America, increased evaporative water loss has been implicated
as a cause of death for millions of bats from whitenose syndrome (Cryan et al., 2010; Willis et al.,
2011; Warnecke et al., 2013), and correctly depicting ambient levels of moisture is fundamental to
understanding the disease and its effects. Almost
invariably, though, field biologists working with
white-nose syndrome (e.g., Grieneisen, 2011; Langwig et al., 2012) or other systems (e.g., Amorim,
2012; Maltagliati et al., 2013; Thomas and Jacobs,
2013) report relative humidity as a measure of moisture in the air and often use this variable in standard
statistical analyses, such as simple or multiple linear
regressions.
Relative humidity, however, is not an appropriate
metric to use when describing the dryness of the air
and the potential for evaporation when temperature
varies (Aguado and Burt, 2001; Ahrens, 2003;
Lutgens and Tarbuck, 2007). In this essay, I use

well-established physical concepts to show that
relative humidity by itself is inadequate and often
misleading, and I quantify and graphically depict
the potential errors involved in its use for torpid
and aroused bats during hibernation. In addition,
I demonstrate that the relationships among evaporative water loss, relative humidity, and air temperature are curvilinear and/or nonparallel, and thus do
not satisfy basic assumptions of common statistical
analyses.
EQUILIBRIUM VAPOR PRESSURE
HUMIDITY

AND

RELATIVE

The concept of equilibrium vapor pressure is
central to understanding relative humidity and evaporation (Campbell and Norman, 1998; Hill, 1976). If
a pan of pure water having the same temperature as
its surroundings is placed in a closed container containing no water vapor, some molecules of water in
the pan possess sufficient kinetic energy to leave the
liquid (evaporate) and enter the gaseous phase.
Eventually, an equilibrium is reached in which
the number of molecules leaving the water is balanced by the number of molecules re-entering the
liquid phase (condensation). When this balance is
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A device for restraining bats
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Herein we describe a safe, practical, and inexpensive device for restraining bats (Order Chiroptera). With advances in molecular
techniques, biopsies from the flight membranes of bats have become routine; however, tissue sampling requires that the bat be
restrained and often this work is performed by two people: one to hold the animal and another to conduct the procedure. The
McMaster bat restrainer permits a single user to safely, effectively, and comfortably restrain a bat — both in the field and in the
laboratory — while still having full access to its forearms, flight membranes, and/or dorsum/ventrum. The restrainer is light weight,
portable, simple to use, easy to modify, and minimizes handling stress on bats. Investigators should take precautions to appropriately
decontaminate the restrainer when working in areas where bats could be infected with the psychrophilic fungus that causes white
nose syndrome (WNS), Pseudogymnoascus destructans.
Key words: animal handling, Chiroptera, marking, measurement, photography, PIT-tagging, restraint, tissue biopsy, wing membrane

INTRODUCTION
It is often necessary to manually restrain bats for
measurements, marking (e.g. banding), to obtain tissue samples from their flight membranes, and for
detailed studies of their wing anatomy and/or sensory physiology (e.g., Chadha et al., 2011; SterbingD’Angelo et al., 2011). While most of these procedures could be performed by a single individual, in
practice two persons are often required — one to restrain the animal and another to conduct the procedure. For example, during wing membrane biopsy
bats are usually held in a supine position against
a flat surface, the wing is extended with one hand,
and a sterile biopsy tool is pressed against the patagium with the other hand to obtain the tissue sample
(Worthington Wilmer and Barratt, 1996). Depending
on the size of the bat and whether the biopsy is to be
collected from the wing (chiropatagium) or tail
(uropatagium) membrane, this procedure can require two persons to complete (e.g., Faure et al.,
2009). Wing biopsy is commonly used to obtain tissue samples and/or to temporarily mark bats.
Although modest-sized holes in the flight membranes do not adversely affect flight or survival
(Davis, 1968), bats may suffer from distress during
restraint (Heard and Huft, 1998; Ammersdörfer et
al., 2012). Previous studies of wound healing in bats

have used a clear plexiglass sheet to place bats in
a supine position so that the wings can be extended
for tissue sampling, measurement, and photography
(e.g., Church and Warren, 1968; Faure et al., 2009;
Reichard and Kunz, 2009). In this paper, we describe a device for restraining bats that is light
weight, portable, easy to use, inexpensive to construct, safe for both the animal and the researcher,
and helps to reduce stress to the bat compared to
manual restraint. To the best of our knowledge, this
is the first restrainer that has been specifically developed for bats.
MATERIALS AND METHODS
Ethics Statement
All procedures adhere to the guidelines for the care and use
of wild mammals in research approved by the American Society
of Mammalogists (Sikes et al., 2011) and the Canadian Council
on Animal Care, and were approved by the Animal Research
Ethics Board of McMaster University.

Restrainer Design
The restrainer base was constructed from a rectangular
plexiglass sheet because this allowed for transillumination
and observation of the flight membranes. The bat is held against
the plexiglass with double-faced fleece fabric that is stretched
firmly, yet comfortably, across the animal. The fabric attaches

