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Towards navigating the Minotaur’s labyrinth: cryptic diversity and taxonomic
revision within the speciose genus Hipposideros (Hipposideridae)
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Recent molecular evidence has shown that the largest genus of the family Hipposideridae, Hipposideros, is paraphyletic with respect
to H. commersonii sensu lato and H. vittatus, both belonging to a species complex referred to as the commersonii group. The
taxonomic issues at the generic level of certain species of Hipposideros remain unresolved in part related to insufficient material in
previous molecular studies. Herein, we expand sampling of the commersonii group and include H. commersonii sensu stricto from
its type locality, Madagascar. Our phylogenetic analysis revealed that the commersonii group forms a highly supported monophyletic
clade with H. cyclops, which is sister taxa to Aselliscus and Coelops. A combination of phylogenetic and comparative morphological
analyses, as well as divergence time estimates, were used to provide compelling evidence to support the placement of the clade
containing the commersonii group and that with H. cyclops in two resurrected genera, Macronycteris and Doryrhina, respectively.
Divergence time estimates indicated that Macronycteris and Doryrhina diverged 19 mya and separated from Coelops and Aselliscus
in the Oligocene, about 31 mya. The commersonii group underwent a rapid radiation as recently as 3 mya likely in response to
favourable climatic conditions during the Late Pliocene in Africa. Phylogenetic analysis of Cyt-b could not resolve relationships
within this morphologically conserved complex. Further sampling is necessary to fully elucidate the evolutionary history of
Doryrhina. Given that cryptic species are widespread among bats, including within the genus Hipposideros, this study highlights the
shortcomings of current chiropteran taxonomy to describe hidden diversity.
Key words: cryptic diversity, taxonomy, Doryrhina, Macronycteris, Hipposideros, phylogeny, molecular clock dating

INTRODUCTION
Morphologically similar or identical cryptic
species pose a challenge to traditional systematics,
which typically has relied on discrete morphological
differences to delimit species. However, since the
advent of PCR, DNA sequence data has meant that
the detection of speciation in the absence of evident
morphological change has become possible (Bickford et al., 2007; Tsang et al., 2016). Cryptic speciation is thought to be particularly prevalent in taxa
which communicate by non-visual means or are
subject to evolutionary constraints induced by extreme environmental conditions (Bickford et al.,
2007). Particularly, due to their use of echolocation as a complex and non-visual means of communication (Schuchmann et al., 2012; Puechmaille
et al., 2014a), cryptic diversity is expected to be

widespread in echolocating bats (Jones, 1997). Indeed, this has been found to be true of species across
the bat phylogenetic tree, which despite cryptic taxa
being almost identical morphologically, have been
shown to be distinct at the molecular level (Castella
et al., 2000; Khan et al., 2010; Puechmaille et al.,
2014b; Dool et al., 2016; Gager et al., 2016). Furthermore, these studies also highlight how current
taxonomy, which is often central to management
and conservation planning, may be insufficient to
describe the diversity of extant species (Bickford et
al., 2007).
For many years the relationships within the
Hipposideridae have been considered a grand challenge in chiropteran systematics with Bogdanowicz
and Owen (1998) comparing the phylogeny of
the Hipposideridae with the mythological Minotaur’s labyrinth of ancient Greece. Their seminal
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Since its discovery, the taxonomic status of the only species of Kerivoula (Chiroptera: Vespertilionidae: Kerivoulinae) to be found
on Taiwan has been confused. Previous studies have assigned this species to either Kerivoula hardwickii or K. titania, both of which
occur on continental SE Asia. This uncertainty supports repeated suggestions in the literature that specimens of K. hardwickii
collected and/or sampled across SE Asia are likely to represent multiple cryptic taxa. To address these issues, we combined new and
existing data from the genus Kerivoula on Taiwan and continental Asia, and performed diagnostic analyses in steps. First,
phylogenetic reconstructions based on mitochondrial and nuclear DNA revealed a well-supported group comprising all taxa
currently recognized as K. hardwickii, together with the Taiwanese Kerivoula and Kerivoula kachinensis to the exclusion of all other
congeneric species. Second, focusing on all members of this monophyletic clade (i.e., K. hardwickii complex) together with
K. titania, we used multivariate statistical methods to separate taxa based on morphometric data. Our results provide strong evidence
that among these bats, the Taiwanese Kerivoula is a new species that also occurs on continental Asia, for which we provide a formal
description and name. In addition, we show that the subspecies K. hardwickii depressa should be elevated to species status.
We discuss our findings and the caveats of this and similar studies.
Key words: Kerivoula, new species, systematics, taxonomic revision, woolly bats

INTRODUCTION
The genus Kerivoula contains species that are
commonly referred to as woolly bats. This genus, together with its sister genus Phoniscus, is classified
under the subfamily Kerivoulinae. Woolly bats
occur in both the Indomalaya-Australasia and Afrotropic ecozones, where, respectively, 12 and seven
distinct species were recognized by Simmons
(2005), although three additional species have been
described from the former region since then (Bates
et al., 2004, 2007; Francis et al., 2007). All Kerivoula species appear to forage in dense vegetation
using broadband calls (Kingston et al., 1999, 2003;
Schmieder et al., 2012) and roost in foliage or tree
cavities (e.g., Rossiter et al., 2012). The apparent
ability of Kerivoula species to detect and avoid mist
nets explains their poor representation in species

inventories until the introduction and establishment
of the harp trap as the preferred method for surveying forest-interior bat species in the Old World
(Francis, 1989).
Although the taxonomy and systematics of
Kerivoula species have remained poorly known for
many years, several recent studies have gathered
morphological and/or molecular evidence from multiple Kerivoula specimens from Indo-Malaya, providing some valuable insights into species delimitation. For example, the systematics and taxonomy of
Kerivoula from peninsular Malaysia and Borneo
have been explored by combining evidence from
mitochondrial (mt) DNA, nuclear (nc) DNA, karyotypes and morphological characters (Khan et al.,
2010) as well as by multivariate morphometric analyses (Hasan and Abdullah, 2011). Similarly, Douangboubpha et al. (2016) combined mitochondrial DNA
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For the majority of Rhinolophus species a karyotype consisting of either 58 or 62 chromosomes was reported. The members of the
R. trifoliatus clade are therefore distinguished from other rhinolophids by low diploid chromosome numbers (2n) and a high rate of
chromosomal changes. Recently, based on cytogenetic characters, a cryptic species, R. luctoides, was described and a subspecies,
R. luctus morio, was elevated to species rank. In the present work, the karyotypes of a male bat from Vietnam and a female one from
China, both classified as R. luctus by morphological characters, were studied by G-banding and fluorescence in situ hybridization
with whole chromosome painting probes derived from Aselliscus stoliczkanus. In the male specimen from Vietnam, the composition
of the 15 autosomal bi-armed pairs (2n = 32, FN = 60) is identical to that of R. luctoides from Malaysia. For reason of differences
in body size and baculum length as well as in skull morphology, this specimen is provisionally treated as R. cf. luctoides. The
karyotype of the female specimen from Sichuan province, China, differs from R. luctoides by a whole arm reciprocal translocation
resulting in an altered arm composition of pairs 3 and 4. For this reason, the elevation of the Chinese subspecies of R. luctus, i.e.
R. lanosus, to species rank is suggested. The karyotype of the endemic Taiwanese species R. formosae with a diploid number of
2n = 52 is mainly composed of acrocentric autosomal pairs. Of the five bi-armed pairs, only the two smallest show the same arm
composition as found in the 2n = 32 karyotypes of other members of the R. trifoliatus clade. The composition of the remaining three
bi-armed pairs is unique and represents an apomorphic feature for R. formosae.
Key words: karyotype, fluorescence in situ hybridization, Rhinolophus lanosus

INTRODUCTION
The genus Rhinolophus can be divided into 15
morphologically defined groups (Csorba et al.,
2003). Most easily recognized is the R. trifoliatus
clade which is characterized by a long, fluffy fur and
a unique noseleaf structure with lateral lappets at the
sella. Basically, the members of this group have
been assigned to three distinct species, according to
their body size. The smallest species was named
R. sedulus, the medium-sized species R. trifoliatus,
and all large-bodied forms with a maximum forearm

length of 80 mm and a huge distributional range
were subsumed under the name R. luctus (Tate,
1943; Corbet and Hill, 1992; Koopman, 1994).
Later on, based on size differences and the shape of
the upper canine, specimens from southern India
and Sri Lanka were classified as separate species,
R. beddomei (Topál and Csorba, 1992). For reasons
of a different diploid chromosomal number and evident body size differences, R. formosae which had
been subsumed under R. luctus some years before
(Corbet and Hill, 1992; Koopman, 1994) was reestablished as a separate species by Yoshiyuki and
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A review of the bacular morphology of Malagasy bats
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We present information on the morphological structure and measurements of the os penis for eight families and 28 species of bats
occurring on Madagascar, most being endemic to the island. For one of these families, Miniopteridae, no bacular structure was found
and for a second family, Emballonuridae, the structure was absent in one species (Taphozous mauritianus). For the majority of taxa,
the descriptions and measurements given herein of their respective bacula are presented for the first time in the published literature.
In cases when samples are sufficient for certain species, we examine intra-specific variation in bacular morphology. For species the
subject of previous published phylogeographical studies and which showed clade structure associated with elevational or latitudinal
clines, we investigate if intra-specific differences in bacular structure are correlated with clade associations. We examine possible
correlates associated with os penis measurements and, in general, across all species or within certain families, there was not a clear
correlation between body size, as measured by forearm length, and different bacular measurements.
Key words: intra-specific, inter-specific, Madagascar, os penis, variation

INTRODUCTION
Until two about decades ago, little information
was available on the bats of Madagascar. A few
years after the publication of Peterson et al.’s (1995)
monograph on Malagasy Chiroptera, based largely
on museum specimens, there was considerable
effort to better understand different aspects of the
island’s fauna, which included bat inventories in
different areas (e.g., Goodman et al., 2005, 2014;
Ramasindrazana, 2009) and other aspects of field research. Several of these field projects included the
collection of specimens, proving a more robust
taxonomic foundation, based on molecular and
morphological studies, to understand better species
limits of the extant fauna. A number of studies published over the past decade present taxonomic revisions of the island’s bats (e.g., Bates et al., 2006;
Ranivo and Goodman, 2006; Goodman et al.,
2015a) and several of these projects revealed cryptic
species, that is to say morphologically difficult to
distinguish taxa from their congeners, and numerous
new taxa to science have been described. The bat
fauna of the island as currently understood comprises nine families and 46 species (Goodman, 2011;

Goodman et al., 2011, 2012a, 2012b, 2015a, 2015b,
2016). Hence, associated voucher specimens with
definitive species identifications provide critical
material for comparative morphological research.
Here we present a review of the os penis or baculum of Malagasy bats, a structure that is known
from a variety of mammal groups (Hosken et al.,
2001; Ramm, 2007; Ostiguy et al., 2008), including
Chiroptera. In general, within a given clade of bats,
the os penis tends to have morphologically similar
shapes and forms (e.g., Kearney et al., 2002; Herdina et al., 2014) and, in numerous cases, this structure can provide key characters for species diagnosis. For example, amongst members of the family
Vespertilionidae, which contains numerous cryptic
species, the form and shape of the os penis has been
used as a systematic character to distinguish between taxa that are difficult to identify in the hand
(e.g., Heller and Volleth, 1984; Hill and Harrison,
1987; Volleth and Heller, 1994; Bates et al., 2006;
Goodman et al., 2015a).
The principal objective of this paper is to document morphological variability in the bacula, when
present, of different Malagasy bat species and to characterize aspects of shape, form, and morphological
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On the basis of four visits to the Grotte des Chauves-souris (12°57’S, 49°07’E), Parc National d’Ankarana, northern Madagascar,
we examine patterns of sexual dimorphism and seasonal differences in body mass of Rousettus madagascariensis, an endemic
Malagasy Pteropodidae. Two visits per season were made over the course of two years, dry season (September 2014 and 2015) and
rainy season (January 2015 and 2016). Individuals of this species were trapped when exiting the cave after dusk or entering before
dawn. Animals were aged, sexed, and then individually marked before being released. In total, 271 adult males and 289 adult females
were captured. Although some overlap was found in measurement ranges, males showed significantly larger mean forearm length
and body mass than females, including separate analyses of the four different capture periods and in the combined season dataset.
For the September 2015 visit, for which a considerable number of adults of both sexes were captured at dusk and dawn, animals
entering the cave before dawn were significantly heavier in body mass than those exiting after dusk. When body mass data were
pooled within a season, significant differences were found between the rainy and dry seasons in males, as well as females, indicating
fluctuating aspects. Further analyses of intra-season and inter-season showed differences in body mass, presumably associated with
the availability of fruit resources. Further, the sex ratios of captured individuals were not equal during different capture sessions and
inferences are presented on aspects of the breeding biology of this species.
Key words: Rousettus madagascariensis, morphometrics, secondary sexual dimorphism, Madagascar

INTRODUCTION
Secondary sexual size dimorphism is known
from a range of mammal groups, particularly those
with polygamous mating systems and is generally
attributed to intra-sexual competition between males
to gain access to receptive females (Clutton-Brock,
1989). Such mating systems are known from a variety of Pteropodidae fruit bat genera (McCracken and
Wilkinson, 2000), and sexually dimorphic traits include differences in body size, secondary morphological characters, odor-producing glands, canine
teeth, and fur coloration (e.g., Bradbury, 1977;
Mainoya and Howell, 1979; Hill and Smith, 1984;
Nowak, 1994). However, inference with regard to
mating systems of fruit bats based on sexual differences in external measurements can be less straightforward than presented in the opening sentence, as
certain species, such as those belonging to the
genera Rousettus and Cynopterus, have shown
geographical variation in size, in the magnitude of

sexual dimorphism, as well as clinal differences in
breeding systems (e.g., Storz et al., 2001a, 2001b;
Benda et al., 2012).
As currently recognized, the genus Rousettus includes 10 species distributed across the Old World
(Simmons, 2005). Little is known on the reproductive biology of most of these taxa, but in some cases
polygamy has been at least inferred (Korine et al.,
1999; Kumar et al., 2015). There is conflicting
information on the occurrence of secondary sexual
dimorphism in certain external morphological
characters for African and western Indian Ocean
Rousettus species, with statistically significant differences between adult males and females being
reported for some taxa and in other studies of
the same species not showing sexual dimorphism
(e.g., Bergmans, 1994; Peterson et al., 1995; Monadjem et al., 2010; Goodman, 2011; Andrianaivoarivelo, 2012). The origin of these inconsistencies are not clear but are probably related to
certain data sets mixing age classes or for certain
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The straw-coloured fruit bat, Eidolon helvum, is a common and conspicuous migratory species, with an extensive distribution across
sub-Saharan Africa, yet hunting and habitat loss are thought to be resulting in decline in some areas. Eidolon helvum is also a known
reservoir for potentially zoonotic viruses. Despite E. helvum’s importance, ecological and behavioural traits are poorly described
for this species. Here we present extensive data on the distribution, migration patterns, roost size, age and sex composition of
29 E. helvum roosts from nine countries across tropical Africa, including roosts not previously described in the literature. Roost age
and sex composition were dependent on timing of sampling relative to the annual birth pulse. Rather than a single ‘breeding season’
as is frequently reported for this species, regional asynchrony of reproductive timing was observed across study sites (with birth
pulses variably starting in March, April, September, November or December). Considered together with its genetic panmixia, we
conclude that the species has a fluid, fission-fusion social structure, resulting in different roost ‘types’ at different times of the year
relative to seasonal reproduction. Bat-human interactions also varied across the species’ geographical range. In the absence of
significant hunting, large urban colonies were generally tolerated, yet in regions with high hunting pressure, bats tended to roost in
remote or protected sites. The extensive quantitative and qualitative data presented in this manuscript are also valuable for a wide
range of studies and provide an historical snapshot as its populations become increasingly threatened.
Key words: age composition, demography, fission-fusion, hunting, straw-coloured fruit bat
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Historically for bats, the southwestern Brazilian Amazon has had scant biological data available, which compromised large-scale
comparisons and macroecological studies that could support conservation initiatives in the area. We tested faunal similarity among
26 well-sampled bat assemblages distributed throughout the Amazon, including our database from surveys in the upper Madeira
River region, a core area of the southwestern Brazilian Amazon. To document bats we conducted nocturnal mist-net sampling under
standardized Rapid Assessments for Long-term Ecological Research (RAPELD) protocols in forests and farmlands, and diurnal
search of roosts in rocky outcrops located along the riverbed of the Madeira River. We captured 2930 bats representing 66 species,
20 of which were previously unreported for the region. Thirty-four species recorded were exclusive to forests, and two to the rocky
outcrops of the Madeira River. Frugivores outnumbered the other trophic guilds, followed by the gleaning insectivores in forests,
and then aerial insectivores in the farmlands. The southwestern Brazilian Amazon fauna is more similar to others from the western
Amazon and less similar to the bat fauna from the eastern Amazon and the Guianas. This geographic association is undoubtedly
related to a more recent history of formation of the terrestrial ecosystems of the western Amazon lowlands. With 87 species currently
known, the southwestern Brazilian Amazon is now one of the richest areas in the world for bats, which helps to understand the limits
of the distributional patterns between eastern and western Amazon bat faunas.
Key words: diversity, biogeography, Neotropics, rocky outcrop bats, conservation hotspots, RAPELD, species distribution

INTRODUCTION
The megadiverse Amazonia presents an interesting scenario to test hypotheses aiming to understand
processes of faunal radiation, origin, and maintenance of diversity (Hoorn, 2010; Hoorn et al.,
2010). However, studies on the history of the Amazon biota are often constrained by the lack of robust
data on the contemporary distribution of organisms,
including some species-rich groups such as bats. For
example, information is available for only a few
well-sampled sites mostly in the Guiana Shield and
central or eastern Amazon (e.g., Simmons and Voss,
1998; Lim and Engstrom, 2001; Bernard and Fenton,

2002; Sampaio et al., 2003; Martins et al., 2011; Bobrowiec et al., 2014). Brazil has been considered
a megadiverse country, ranked as the second richest
country in bat species in the world (Nogueira et al.,
2014) that includes large portions of the distribution
of many Neotropical bat species, of which most (over
147) occur in the Amazon (Bernard et al., 2011b).
The data on distribution of the Brazilian bat diversity is heterogeneous and fairly incomplete, even
for the relatively well-sampled Brazilian Amazon.
The southwestern Brazilian Amazon (hereafter
SBA) is by far the poorest known region of the
Brazilian Amazon for mammals. For bats, it is represented by a few sporadic surveys (Bernard et al.,
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Populations trends of cave-dwelling bats in the Eastern Iberian Peninsula and the effect of placing a perimeter fencing around their
roosts (to avoid human disturbance on breeding colonies) were evaluated from 1997 to 2014. The species with the highest relative
abundance was Miniopterus schreibersii (62.4%), followed by Myotis myotis/blythii (18%), and both populations showed positive
trends. On the other hand, Myotis capaccinii (6.2%), M. escalerai (4.8%) and M. emarginatus (0.9%) showed significant, but minor
increases, particularly in recent years. Rhinolophus mehelyi (0.2%) displayed no significant trends, while a moderate population
decline was recorded for R. euryale (5.1%). Rhinolophus ferrumequinum (2.2%) and R. hipposideros (0.1%) showed positive
growth trends. The main assemblages in the evaluated roosts were formed by Myotis myotis/blythii, Miniopterus schreibersii and
R. ferrumequinum. This denotes their less specific requirements or greater flexibility when selecting roosts, compared with other
species, except for M. capaccinii and R. mehelyi. No significant differences were found between roosts with different levels of
protection, but there were positive trends in the protected roosts. Most non-fenced cavities showed negative trends during the period
evaluated. We did not rule out other factors, such as requiring habitats with optimum food sources next to maternal roosts, which
could affect population growth. The selectivity of some species of bats for certain caves will be essential for the preparation of
management plans for certain roosts. Four of the seven risk factors documented for European bats affect studied population. Myotis
blythii, M. myotis and Rhinolophus euryale would be most affected by a reduction in the areas they currently occupy.
Key words: assemblages, cave-dwelling bats, mediterranean, monitoring, perimeter fencing, roosts

INTRODUCTION
Bats as a group have high taxonomic and functional diversity. Although European bats are legally
protected by national and European decrees (Convention on Migratory Species 1985–2008, Agreement on the Conservation of Populations of European Bats, Habitat Directive-92/43/EEC), some
remain vulnerable or at risk of extinction in different
parts of their range (IUCN, 2014). Bat populations
face adversities such as habitat loss and fragmentation, disease, predation and climate change (Arthur
et al., 2014), which make systematic schemes essential to assess their population status (Jones et al.,
2009; Meyer et al., 2010).
Monitoring wild populations is necessary for
protecting vulnerable species or those at risk of extinction (Battersby, 2010). However, conservation

resources are often limited and research on priority
locations or species is needed. The need for longtime population monitoring is critical in order to
assess possible population changes and the minimum thresholds required to implement conservation
plans (Greenwood et al., 1995; Collen et al., 2007;
Battersby, 2010). Monitoring species assemblages
will also provide additional information about local
conditions in roosts or surrounding areas, as potential species interactions at roost sites (Patterson et
al., 2003).
Between 1950 and 1970 numerous efforts were
undertaken to protect roosts of cave-dwelling bats
around the world. Among them, gates placed at cave
entrances had a negative effect mostly on hibernation and reproductive periods (Tuttle, 1977; Ludlow and Gore, 2000; Pugh and Altrigham, 2005;
Berthinussen et al., 2014), which consequently led
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Small in size but rich in bats — species diversity and abandoned man-made
structures put Asinara Island (Sardinia) into conservation focus for bats in
the Mediterranean region
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During the last decades, the important role of bats in ecosystems and the threats to many bat species were increasingly recognized,
and bats were integrated into several conservation acts. Protected areas like national parks may play a major role in bat conservation
if species requirements are included in management plans. With its high bat diversity and many unexplored off-shore islands,
Sardinia has a high potential for the protection of European bats and for research on their ecology. We conducted the first survey of
the bat fauna on the Sardinian off-shore island and National Park Asinara, a formerly inhabited island. We applied a multi-method
approach over two years to create a proper species inventory and to obtain data on the use of man-made structures by the bats. We
recorded bat calls at different sites in summer and winter, captured bats via mist-netting, and performed roost surveys of man-made
structures. Ten species were identified, three of them are highly protected, namely Rhinolophus hipposideros, R. ferrumequinum and
Miniopterus schreibersii. Thirty-nine day roosts and 14 night roosts of, in total, five species were found in man-made structures.
Many structures provided day and night roosts for different bat species. Although forest and water bodies are limited, and intensive
grazing has created several open areas on the island, a remarkably high bat diversity developed, making Asinara an important offshore retreat area for bats in Italy. Our findings indicate an essential role of the abandoned buildings, and artificial ponds, of the
island for bat conservation. The results of this study provide a basis for future bat conservation measures on Asinara Island.
Key words: bat conservation, Italy, off-shore islands, species inventory

INTRODUCTION
Bats have been shown to be sensitive to humaninduced ecosystem changes (e.g., Fenton et al.,
1992; Hayes and Loeb, 2007; Kunz et al., 2007). In
Europe, bats are primarily endangered by changes
in, or intensification of, land use, which result in the
deterioration, or even loss, of adequate foraging
habitats (Hutson et al., 2001). The fragmentation of
forests and the loss of highly structured landscapes,
e.g., hedgerows, pose a threat to bat populations; in
particular, adequate roosts may be isolated from
suitable foraging sites (Walsh and Harris, 1996;
Fahrig, 1997; Gorresen and Willig, 2004; Dietz et
al., 2007). In addition, pesticides used in agriculture,
as well as antiparasitic drugs applied in pasture management, accumulate in prey insects, and reduce insect availability, two factors which affect bat populations (Kunz et al., 1977; Dietz and Kiefer, 2014).

There is, thus, a strong need for a large-scale protection of bat habitats, as implemented most efficiently
by the European Union Directive 92/43/EEC on the
Conservation of Natural Habitats and of Wild Fauna
and Flora (Habitats Directive).
The Mediterranean basin is a biodiversity hot
spot (Myers et al., 2000; Grill et al., 2007) characterized by a high number of endemic species and an
exceptional loss of habitat. The region is of high importance for bat diversity and conservation (Hutson
et al., 2001; Ulrich et al., 2007; Veith et al., 2011).
On the Mediterranean island of Sardinia, 21 bat
species are currently known (Mucedda and Pidinchedda, 2010). Due to its geographical location at
the interface between Europe and Africa, the island
possesses the highest genetic diversity in pipistrelle
bats of all studied Mediterranean islands and may
harbour even more endemic bat species (Veith et
al., 2011). In 2002, a new endemic species of the
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Evidence of the migratory bat, Pipistrellus nathusii, aggregating to the coastlines
in the Northern Baltic Sea
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Similar to birds, bats also perform long-distance migration between their breeding and wintering sites. In Northern Europe,
migratory bat species are often detected along the coastline of the Baltic Sea particularly during migration seasons in the spring and
autumn. In spite of regular monitoring of bat migration at coastal sites, the overall distribution of migratory bats in Northern Europe
and variability between sites and seasons are still very poorly known. In this study we used automated bat detectors to compare the
activity of migratory bat species between coastal and inland monitoring sites along the west coast of Finland (61.5–61.9°N,
21.3−22.3°E). Our main goal was to test whether the activity of migratory bat species is associated with the coastline or whether
these species also occur inland. Of migratory bat species observations, 98.6% were covered by Pipistrellus nathusii, which was
detected at all our monitoring sites. The activity of the species decreased rapidly, with increasing distance from the coastline towards
inland, indicating a sharp activity gradient along the coastline of the Baltic Sea. Because the activity of P. nathusii occurred in
migration season and no similar spatial pattern was detected among sedentary species, our results suggest that the aggregation of
P. nathusii at the coastline is related to migration as such rather than regular foraging behavior of this species. Our study has direct
implications to the wind power planning in Northern Europe. Based on our study we conclude that the impact of wind power on
both migratory (namely P. nathusii) and sedentary bat species (namely Eptesicus nilssonii) should be taken into account in
wind power planning and impact mitigation in Northern Europe, especially if new wind farms are located along the coastline of the
Baltic Sea. When the turbines are located further inland, more attention in the planning process should however be given to the
sedentary bat E. nilssonii.
Key words: bat migration, acoustic monitoring, wind power, Finland

INTRODUCTION
European migratory bats, e.g., Nathusius’ pipistrelle (Pipistrellus nathusii), the noctule (Nyctalus
noctula) and the particolored bat (Vespertilio murinus), are known to migrate long distances from their
breeding sites in the high latitudes to hibernate in the
central and western parts of the continent (Fleming
and Eby, 2003; Dietz et al., 2009). Migratory bats
hibernate mainly in overground hibernacula (trees,
wood piles, buildings etc.) and are thus susceptible
to prolonged periods of subzero temperatures (Fleming and Eby, 2003; Dietz et al., 2009). To avoid
the risk of freezing or starvation during the winter
(Fleming and Eby, 2003; Popa-Liseanu and Voigt,
2009), they leave their breeding grounds in the temperate zone after the breeding season and return the

following spring. Sedentary species are less affected
by the cold climate, because they hibernate at underground sites, hibernaculas, in which the temperature
remains more stable throughout the winter (Masing and Lutsar, 2006; Siivonen and Wermundsen,
2008a).
The Baltic Sea is located at the northern edge of
the current distribution of European migratory bats
(Dietz et al. 2009). Although many of these species
regularly breed in the southern parts of the Baltic
Sea, they become significantly more rare, with increasing latitude. For example, no breeding colonies
of migratory bats have recently been detected in
Finland outside the southernmost part of the country
(Kyheröinen et al., 2014), although observations
of particularly Nathusius’ pipistrelle (P. nathusii) are
common along the Finnish coastline (Rydell et al.,
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The seasonal activity of the Isabelline serotine bat Eptesicus isabellinus was studied in eight habitats of the Bou Hedma National
Park, central Tunisia. From June 2010 to June 2011 two techniques, mist-netting and echolocation call recording, were implemented.
This bat species was captured throughout the year but only at water bodies and particularly at Nouh basin. Captures peaked in late
spring — early summer, and declined in winter. Pregnant females were captured from April to June, and lactating females in May
and June. Echolocation calls were recorded throughout the year, but not every month in all habitats. Most activity was reported at
water bodies and street lamps. Activity peaked in late spring and early autumn, and declined during winter period. Terminal buzzes
were mainly detected at basins, peaking in late spring — early summer and early autumn. Our study provided further insights on the
importance of water bodies which should draw particular attention in the management plan of the national park and in the whole
country.
Key words: Chiroptera, Bou Hedma National Park, Tunisia, mist-netting, acoustic ecology, water bodies

INTRODUCTION
Tunisia has a variety of bioclimatic zones from
the fresh humid Mediterranean in the north to the
hot desert in the south. In pre-Saharan Tunisia, the
consequences of desertification have gradually become a major environmental problem in recent
decades (Ouled Belgacem and Neffati, 1996).
Natural vegetation, mainly composed of very sparse
steppe formations, was more or less strongly impacted by human activities such as overgrazing
(Floret et al., 1983; Le Floc’h, 1995). To ensure the
conservation of the biodiversity in this area, a national strategy was launched, including setting up
protected areas. Bats can be used as bioindicators of
habitat quality (Jones et al., 2009), including sustainable protected areas management. To develop
appropriate conservation policies and management
plans, information is needed on current status of
species and also on ecological requirements along
the biological cycle (Racey and Entwistle, 2003).
In the temperate zone, bats hibernate for surviving when they cannot challenge an ephemeral food

supply in harsh climate (Humphries et al., 2006;
Altringham, 2011). Hibernation can last days, weeks
or months depending on the climate (Neuweiler,
2000). During the rest of the year bats exhibit significant seasonal variations in flight activity, with
a maximum activity in late spring and/or summer
and sometimes in early fall (e.g., Maier, 1992;
Rydell, 1993; Russ et al., 2003; Ciechanowski et al.,
2010). Concurrently energy requirements increase
during pregnancy because of the growth of the foetus in homeothermic females and during lactation
because of the biosynthesis of milk and physiological modifications (Speakman and Racey, 1987). In
the Mediterranean region, as soon as 1912, Weber
reported bats flying during winter in Algiers, and
simultaneously observed hibernating bats in some
underground roosts. Seasonal variations of flight activity have also been reported, with a maximum recorded in spring and autumn in Crete (Georgiakakis
et al., 2010), and in June in southeastern Spain
(Lisón and Calvo, 2014). There, bats forage in all
habitats but highest levels of bat richness and activity were observed on rivers, lake shores and ponds
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Description of whole-night activity patterns for Neotropical bat species
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Nocturnal activity is a key factor in the success of bats, along with several other ecological characteristics of the group. Studying
the activity patterns of bats can help to understand ecological and behavioural aspects of bat assemblies, especially in the Neotropics,
where the group presents high species richness. The activity patterns of five species of Neotropical bats, sampled in a Reserve in the
Brazilian Northeastern Region, were analysed. A general trend emerged, with an activity peak in the first half of the nocturnal observation. The overlap of activity patterns in closely related species (Artibeus planirostris and A. lituratus) agrees with previous findings that the nocturnal activity peaks in frugivorous bats have not evolved to relieve competition. The present work provides the first
whole-night activity data for Dermanura cinerea. The results demonstrate the importance of whole-night sampling studies; not only
as an opportunity to assess different ecological and behavioural data but also to efficiently register the abundance and richness of
the assembly.
Key words: activity, Neotropics, Phyllostomidae, Dermanura cinerea, behaviour

INTRODUCTION
The nocturnal activity pattern of bats is considered one of the cornerstones of their remarkable
ecological success; either by protecting them from
thermal stress, escaping diurnal birds of prey or to
occupy the nocturne aerial niche left vacant by birds
(Welbergen, 2006; Voigt and Lewanzik, 2011). Bats
synchronize their activity cycles with day-and-night
cycles (Esbérard and Bergallo, 2010), which vary
due to latitudinal variation in photoperiod (Kunz
and Brock, 1975), providing the species maximum
activity fitness (Usman et al., 1990).
Neotropical bat assemblies present high species richness (e.g., Teixeira and Peracchi, 1996; Dias
et al., 2002; Moratelli and Peracchi, 2007; Dias
and Peracchi, 2008; Luz et al., 2011; Esbérard
et al., 2013), usually dominated by the family

Phyllostomidae (particularly the subfamily Stenodermatinae) (Passos et al., 2003). High bat diversity
in an area, coupled with the taxonomical proximity,
might result in increased competition due to the
risk of niche overlapping (Pianka, 1974; Mason et
al., 2011). Understanding the activity patterns of
a species could provide an opportunity to observe
the mechanisms that allow species coexistence
(O’Neill and Taylor, 1986).
In Brazil, there is a lack of studies focusing on
describing the activity pattern of bats during the
entire length of a night (Esbérard and Bergallo,
2010), leaving a gap in important ecological knowledge. Monitoring the nocturnal activity pattern of
a bat offers information on its role as seed disperser
(Sato et al., 2008), its use and availability of
resources (Bartonička and Zukal, 2003), as well as
providing information about circadian cycles and
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To better understand the importance of social activity, ultrasonic calls made by lesser horseshoe bats (Rhinolophus hipposideros) in
North Wales, U.K. were recorded during extended pre-set periods since 2010 inside and outside nursery roosts from May to July
and in a hibernaculum in October. Ultrasonic calls with fundamental frequencies between 15–42 kHz were identified as seven
categories of infant development calls and 15 categories of adult ultrasonic social calls according to the frequency and duration of
the fundamental, the number of harmonics and the number of calls in a sequence. Activities were monitored remotely using infrared
video cameras with simultaneous time expansion sound recorders. Distinctive polyharmonic isolation calls of newborn
R. hipposideros enabled timing of births to be determined and infant echolocation marked the time when they started to fly. Trill
advertisement calls in the hibernaculum indicated mating behaviour in October. Comparison of call-triggered recording times
enabled variable levels of activity to be determined quickly. The longest sonogram times were in July (50.2 min/h) and in June
(49.1 min/h). During these recordings, 95 and 90 adults returned to the roost after foraging and there were 16 and 42 babies,
respectively. In May sound and video recordings outside a nursery roost revealed ultrasonic social calls during the emergence of 200
adult R. hipposideros when the light level was low at two lux, which showed that R. hipposideros were engaged in social activity,
not light sampling. Surveys of ten nursery roosts showed that this social behaviour was typical of R. hipposideros in Wales.
Key words: lesser horseshoe bat, infant, ultrasonic, social calls, roosts

INTRODUCTION
The lesser horseshoe bat Rhinolophus hipposideros is one of the most endangered species in
Europe (Stebbings, 1988) and is extinct in the
Netherlands (Schofield, 1999; Bontandina et al.,
2001). Distribution in the U.K. is limited to Wales,
The West Midlands, south-eastern England and the
West Coast of Ireland (Schofield and McAney,
2008). This species is no longer found in Yorkshire
or the south coast of England (Schofield, 2008) and
it is an endangered species in the U.K. (Hutson,
1993; Walsh et al., 2001). More than 50% of the
U.K. population of R. hipposideros occurs in Wales
(Harris et al., 1995; Halliwell and Matthews, 2004)
where there are well established maternity roosts
and many suitable hibernation sites including disused mines (P. Sinnaduri, in litt.). Destruction of
roosting and hibernation sites, loss or fragmentation
of habitat, and the effects of pesticides on insect
prey are considered the main causes of the decline

in populations (Bontadina et al., 2001; P. Sinnaduri,
in litt.). Population trends for the U.K. from 1999 to
2013 showed an annual increase but the average hibernacula count in 2014 were lower than predicted
(P. Briggs, personal communication) and there has
been a 30% reduction in maternity roost counts in
Pembrokeshire from 2005–2015 (Haycock and Haycock, 2015).
Conservation initiatives would benefit from
more site studies because R. hipposideros form
summer roosts with as few as 16 bats, but in 1993
the average was 49 bats (Halliwell and Matthews,
2004). The broad scale National Bat Monitoring
Programme, involving nursery roost exit counts and
hibernacula counts in the U.K. (Walsh et al., 2001;
Schofield, 2008; Hayes et al., 2009) could be used
as the basis to search for new sites. Alternatively, radio-tracking of R. hipposideros with small
radio emitters (Bontandina et al., 2002) could be
productive in finding maternity roosts within a 10
km radius of a known hibernaculum (P. Sinnaduri,
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Bats are a critical component of most terrestrial systems, yet accurately assessing species richness and abundances remains
a challenge. The use of acoustic monitoring has increasingly been used to assess bat communities. Compared with more traditional
trapping surveys, acoustic monitoring is relatively easy to use and vastly increases the amount of data collected. However, the ability
to accurately identify bat calls from acoustic detectors is limited by the availability of regional call libraries describing the calls of
local species. Further, the lack of knowledge of detection distances for different species limits the ability to compare activity levels
or abundances between species. We developed an echolocation call library based on zero-crossing recordings with Anabat Express
detectors that can be applied broadly to bat acoustic detector surveys across the savanna systems of Swaziland and South Africa, and
potentially the broader region of Southern Africa. We also compared detection distances for different species and provide
a correction factor that will increase our ability to accurately compare activity between different species.
Key words: acoustic survey, Anabat, Chiroptera, bat call library, Swaziland, detection distance

INTRODUCTION
Bats are a critical component of most terrestrial
ecosystems, providing services such as pollination
(Jones et al., 2009), seed dispersal (Duncan and
Chapman, 1999; Djossa et al., 2008), consumption
of agricultural pests (Cleveland et al., 2006; Maine
and Boyles, 2015), and serving as bioindicators
(Jones et al., 2009). Specifically, bats have been
shown to play a major role in southern African agroecosystems (Bohmann et al., 2011; Taylor et al.,
2013b). However, ecological studies in this region,
have been constrained by the difficulty of observing
and identifying bats in the field. Traditionally, bats
were surveyed in southern Africa using various livecapture methods (Monadjem et al., 2010a), which
are typically labour intensive (e.g., Monadjem and
Reside, 2008) and yield low returns. The advent of
acoustic bat detectors has opened up opportunities
for remotely surveying echolocating bats without
having to capture them (Hayes, 2000).
Acoustic surveys now play a prominent role in
studies of bat ecology (O’Farrell et al., 1999; Hayes,

2000), including in Africa (Monadjem et al., 2010b).
Acoustic studies, however, are limited by the availability of bat echolocation call libraries that allow
the discrimination and identification of calls recorded from free-flying bats. This is particularly
true for tropical and subtropical regions where bat
species richness peaks (Willig and Bloch, 2006;
Schoeman et al., 2013). Two recent studies in southern Africa have developed localized echolocation
call libraries using hand-released bats (Taylor et al.,
2013a; Schoeman, 2015). However, these call libraries may only be useful in the areas that they
were developed, as substantial regional variation in
call parameters has been observed (Thomas et al.,
1987; Barclay et al., 1999; O’Farrell et al., 2000).
There has been much debate over which type of
detector should be used to record echolocation calls
of bats (Fenton et al., 2001; Adams et al., 2012;
Britzke et al., 2013), and how the detector should
be deployed (Broders, 2003; Gannon et al., 2003;
Milne et al., 2005; Britzke et al., 2013). Anabat
detectors (Titley Australia) are a common type of
acoustic detector that use frequency division to
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Passively working devices (with no operator input) that register bat calls in real time are very important in conservation and
environmental risk assessment, but data on their performance and limits under field conditions are mostly missing. We characterized
the recording variability among three batcorders placed in proximate vicinity (ca. 10 m apart) to each other at 157 sites in Austria
(central Europe). We found this variability perplexingly high, both for bat activity and species richness estimates. Specifically, the
ratio of the highest to the lowest total sequence length (all species combined) was over fivefold in 23%, and over tenfold in 8% of
the sites. In only 17% of the sites, we found the same number of species for all three devices — in most sites it varied between one
and five species. The maximum call ranges of the recorded bat species affected the recording variability between the devices only
for short ranges (5 m) but showed similar or relatively low variability for longer ranges. There was significantly less recording
variability in sites with no woody vegetation present than in sites with open to dense vegetation structure. The results clearly indicate
that the common practice of deploying only one device per site and night very likely leads to several of the resident bat species being
missed and produces unreliable activity estimates.
Key words: bat species, detection probability, ultrasound detectors, batcorder system, vegetation clutter

INTRODUCTION
Passively working ultrasound detectors (with no
operator input) that record bat calls in real-time are
nowadays widely used in scientific bat research.
These devices not only permit nonintrusive sampling of species assemblages, but can also be deployed in habitats that otherwise would be ineffectively sampled with traditional methods like
mist-netting (e.g., open fields, rivers — O’Farrell,
1997; Britzke et al., 2010). They can also be comfortably placed during daytime and programmed to
operate automatically during the night without an
observer present. This not only reduces the effort in
the field, and especially nighttime work, but also enables the user to sample multiple sites simultaneously per night or to record bat activity over a long
period of time (Murray et al., 1999; Gorresen et al.,
2008). It is thus only natural that the devices had become a standard in scientific work and are also
widely used by consultants. However, we consider it
crucial for all users to have a very clear understanding of the capacities and limits of the devices before
initiating their fieldwork.

Especially in environmental consultancy, efficiency of time and cost is a major concern for bat
workers. In our experience this often results in sampling bat call data for only one night with one device
to inventory a local fauna and characterize activity.
This can lead to a very restricted species list, presumably due to the low detection probabilities of
many species. For example, Duchamp et al. (2006)
showed that applying two devices for a single night
in close vicinity to each other (5 m) increased the
probability of detecting bats by 1.6 times compared
to a single device. Bruckner (2016) found that five
consecutive detector-nights are not sufficient to
reach a plateau in the species sampling curves of
most of the investigated sites. These results are consistent with those of Hayes (1997) and Fischer et al.
(2009). Hayes (1997) pointed out that the recording
variability may be high among nights and that sampling a site fewer than six to eight nights is likely to
result in biased estimates of activity. Also the time
of year plays an important role for detectability as
species activity varies across seasons (Skalak et
al., 2012). The latter authors therefore suggested
surveying for at least two to five nights in spring,
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Conventionally, bat roost counts and roost size estimation are potentially a disruptive, repetitive method and are time consuming.
Introduction of the Light Detection and Ranging (LiDAR) scanning system, an optical remote sensing technology, for scientific
purposes have open many research possibilities especially on cave wildlife surveys. Scanned images at high resolution provide new
effective biological tools for assessing bat roosts inside caves on walls or ceiling in total darkness. LiDAR system was applied to
census bats that roost in Wind Cave Nature Reserve, Sarawak, Malaysia, based on laser return intensity values from the images. Bats
that roost in large clusters, specifically Penthetor lucasi were determined through automated counting using connected components
labelling, a graph theory algorithm mostly used in image analysis applications. Roost surface area of bats species was calculated
based on point clouds extracted and using simple trigonometry. Wind Cave was successfully modelled into three dimensional
(3D) cave images with bats roosting inside the cave. The roost sites of bats in the cave were represented in coloured point clouds
that represent the species. Through LiDAR images, bats in Wind Cave consisted of about 979 individuals of P. lucasi and 1,907
individuals of insectivorous bats from nine species representing four families. There is a positive correlation between group size and
roost area. For every additional bat, roost area is expected to increase by an average of 1.75 m2. Our result suggested that terrestrial
LiDAR technology is capable of assessing bat roosts in their natural habitat to determine their roost size and number of individuals
that roost in the cave. Terrestrial LiDAR application is most complementary when integrated with field surveys to produce more
reliable outcomes which open up possibilities of effective conservation action plans.
Key words: cave mapping, Chiroptera, population count, roost pattern, roost survey, terrestrial laser scanning, 3D images

INTRODUCTION
Underground chambers and spaces are isolated
habitats for cave dwelling fauna such as bats. They
act as critical habitats for most bat species as caves
confer protection during daylight and permanent
roosting sites (Meredith et al., 1992). The population of bats worldwide are declining, especially Old
World bats where eight species have become extinct
(Kingston et al., 2006) and if the loss of their habitat
continues, it is predicted that more than 40% of bat
species in Southeast Asia will be extinct (Kingston,
2010). Therefore, there is a need to monitor and
quantify bat population sizes over time to generate
a population census. This biodiversity information can then be used as part of the national policy

planning process to bolster conservation efforts, especially for the endangered species and influence
regulatory controls that affect a wide range of human activity. However, it is a challenging and time
consuming task to the ecologist as caves are generally large with different microhabitats and complex
surface structures in total darkness (Fryer et al.,
2005; Mohammed Oludare and Pradhan, 2016).
In recent years, the Light Detection and Ranging
(LiDAR) system has become a new and powerful
tool to systematically explore elusive cave fauna in
their natural habitat. Using an active remote sensing
approach, LiDAR emits intense and focused beams
of ‘light’ to an object and then measures the time
taken for the reflections to be ‘detected’ by the
sensor. This information will be stored in the laser
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Hibernation is an extraordinary phenomenon evolved in many animals including some mammals, allowing them to survive
unfavorable environmental conditions. This period represents a phase of fasting, which is known to affect the gut microflora in nonhibernating mammals. Since during hibernation the physiological parameters (e.g., body temperature) differ from values in nonhibernating individuals, the food starvation is not the only parameter affecting the gut microflora. However, little is known about
gut microflora in hibernating mammals. This study is focused on the examination of the gut microflora of Mediterranean horseshoe
bat (Rhinolophus euryale) during hibernation. Faecal samples were collected during the winter from November 2014 to March 2015
and subsequently subjected to cultivation, non-cultivation analyses and morphological examination. Cultivation analysis revealed
that the numbers of total cultivable bacteria, enterobacteria and enterococci in the faecal samples decreased during the hibernation
and restored to pre-hibernation numbers at the end of hibernation. Results of non-cultivation analysis showed time-dependent (but
surprisingly almost not individual-specific) changes in the gut microflora and decrease in bacterial variability dependent on
hibernation stage. Changes in microflora were accompanied by changes in faecal content identified by morphological analysis. Our
results demonstrate that hibernation affects the gut microflora of bats in significant degree in both quantitative and qualitative scale.
Key words: hibernation, faeces, gut microflora, Chiroptera

INTRODUCTION
The gastrointestinal tract of mammals becomes
colonised with bacteria shortly after birth. This includes transient microorganisms and the autochthonous bacteria which develop into relatively stable
populations that are characteristic for the species
(Stevens and Hume, 1998). Information about gastrointestinal bacterial flora in bats is scarce and just
few studies describe microbial flora in few species
of bats. The most information is from the Neotropical region, while there are just few studies from
Palaearctic (Di Bella et al., 2003; Konieczna et al.,
2007). In most studies authors focused on pathogenic effect of microorganisms in bats or bat guano
(e.g., Klite, 1965; Adesiyun et al., 2009; Vandžurová
et al., 2013) as bats are known as vectors for several
infectious diseases (Calisher et al., 2006; Li et al.,

2010). Observed interspecific differences in bacterial composition depend on bats diet (Jarzembowski,
2002) and according to Różalska et al. (1998) also
depend on the season. There are practically no data
on the seasonal dynamics of bat gastrointestinal
microflora and changes of microflora induced by
hibernation.
Bats of temperate regions enter into the torpor in
order to reduce high energetic requirements during
low temperature and prey shortage periods in winter
(Geiser, 2004). The gastrointestinal tract is one of
the most metabolically intense organs of the vertebrate body in terms of energy utilisation and protein
synthesis, so it is expensive to maintain during the
hibernation period (Stevens and Hume, 1995).
Many studies have shown that the gastrointestinal
tract is remarkably flexible in size (Piersma and
Lindström, 1997) and down-regulation of the small

