
INTRODUCTION

Bats are the only mammals capable of powered
flight, can tolerate deadly viruses and show excep-
tional longevity (Austad, 2010; Healy et al., 2014;
Brook and Dobson, 2015). Potentially these adapta-
tions are linked, but the mechanisms behind this
connection are currently unknown (O’Shea et al.,
2014). The demanding energetics of flight is linked
with an increased risk of generating reactive 
oxygen species (Buffenstein et al., 2008; O’Shea
et al., 2014). Resulting oxidative stress can cause 
inflammation by stimulating an inflammasome
(France schi and Campisi, 2014) and has been asso-
ciated with chronic immune disorders (Lood et al.,
2016), cancer (Sabharwal and Schumacker, 2014)
and cellular ageing (Franceschi and Campisi, 2014).
How ever, bats seem to defy ‘rate of living’ hypothe-
ses, with some species living up to 10 times longer
than expected given their body size (Austad, 2010;

Healy et al., 2014; Munshi-South and Wilkinson,
2010).

During flight, bats exhibit a very high (15–16
fold) increase in metabolic rate (Speakman and
Thomas, 2003). In mice, breeding directed at higher
metabolic rates resulted in stronger immune re-
sponses to immune challenges (Książek and Kona -
rzewski, 2012). Also it has been previously sug-
gested that flight in bats evolved in tandem with
adaptations of their innate immune system (Zhang et
al., 2013). Potentially, bats may have evolved the
ability to prevent excessive activation of their im-
mune responses as a protective mechanism against
the consequences of their flight induced high meta-
bolic rate, which in turn could lead to both their ex-
tended longevity and tolerance of viral infections.
Inflammation is a driving factor of ageing proc-
ess (Franceschi and Campisi, 2014) and the innate
immune system is the first line of host defence 
during infection playing a crucial role in the early
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Bats are unique among mammals given their ability to fly, apparent tolerance of deadly viruses and extraordinary longevity. We
propose that these traits are linked and driven by adaptations of the innate immune system. To explore this hypothesis we challenged
macrophages from the greater mouse-eared bat, Myotis myotis and the house mouse, Mus musculus with toll like receptors (TLRs)
ligands, lipopolysaccharides, LPS and polyinosinic-polycytidylic acid, Poly(I:C). Macrophages from both species presented a high
level of mRNA induction of inferon β (INF-β), tumor necrosis factor (TNF) and interleukin-1β (Il-1β). However, in bat macrophages,
this antiviral, proinflammatory response was balanced by a sustained high-level transcription of the anti-inflammatory cytokine 
Il-10, which was not observed in mouse, potentially resulting from adaptive regulation in bats. Additionally, phylogenomic selection
tests across the basal divergences in mammals (n = 39) uncovered bat-specific adaptations in six genes involved in antiviral and
proinflammatory signalling. Based on this pilot study, we put forward a hypothesis that bats may have evolved unique anti-
inflammatory responses to neutralize proinflammatory stimuli resulting from flight. This in turn may drive their extraordinary
longevity and viral tolerance by limiting inflammation driven ageing and infection-induced immunopathology. Further data from
other individuals and bat species are required to advance this intriguing hypothesis.
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INTRODUCTION

In a given population of potential hosts, the dis-
tribution of parasitized individuals varies based on 
a range of different factors (Anderson and Gordon,
1982). For mammals, certain environmental param-
eters such as temperature and humidity (Pearce and
O’Shea, 2007; Reinhardt et al., 2008) and aspects
related to the host, such as age, sex, and body size
(Lučan, 2006; Patterson et al., 2008; Fernandes et
al., 2012; Postawa and Furman, 2014; Rajemison et
al., 2017a, 2017b) may affect parasitism patterns. In
other cases, the host’s physical condition, associated
with, for example, the availability of nutritional re-
sources (Khokhlova et al., 2002; Hawlena et al.,
2006), physiological variation, and different im-
munological responses (Christe et al., 2000), can in-
fluence parasite preference. Further, parasites can

more easily exploit hosts in poorer body condition
as compared to those in better health (Christe et al.,
2003; Hawlena et al., 2005).

Ectoparasites are often considered to have a neg-
ative effect on host fitness by, for example, causing
physical damage such as skin irritation, blood loss
or injection of toxins (Marshall, 1982; Booth et al.,
1993; Lehmann, 1993; Lourenço and Palmeirim,
2008). Despite this widely accepted assumption and
excluding the transmission of diseases (Alitzer et
al., 2003; Hornok et al., 2012), few studies of bats
have examined the impact of ectoparasites on the
host’s physical condition (Zahn and Rupp, 2004;
Lučan, 2006; Postawa and Furman, 2014; Postawa
and Szubert-Kruszyńska, 2014).

Bat flies (Hippoboscoidea: Diptera: Nycteribii -
dae) are blood-sucking ectoparasites restricted to
bats. As in other hippoboscoids, they have internal
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We studied variation in the Body Condition Index (BCI) of a Malagasy frugivorous bat, Rousettus madagascariensis (Pteropodidae),
in relation to the abundance of ectoparasite flies, Eucampsipoda madagascarensis (Nycteribiidae). The study site was a cave in
northern Madagascar that was visited three times during the dry season (September 2014, 2015, and 2016) and two times during the
wet season (January 2015 and 2016). Two measurements were taken from all captured Rousettus to evaluate their BCI: forearm
length and body mass. In total, we sampled ectoparasites from 1,030 R. madagascariensis during the five visits. The BCI of 
sampled bats showed statistical differences when compared by season and segregated by different age and sex classes, with 
generally the higher mean values during the wet season and lower values during the dry season. In most cases, the abundance of 
E. madagascarensis for each of the different bat age and sex classes did not differ between seasons. A weak positive relationship
was found for most seasonal visits between host BCI and nycteribiid abundance, specifically in adult males, and sub-adult males
and females; such a relationship was not observed for neonates. On the basis of a GLM analysis, our results support the hypothesis
of a positive relationship between ectoparasite abundance and host BCI. The seasonal variation in host BCI was not related to
nycteribiid abundance, but rather some other factor associated with host physical condition, such as the availability of fruit and
correlated shifts in body mass.

Key words: body condition index, Eucampsipoda madagascarensis, fruit bat, Nycteribiidae, parasite abundance, Rousettus
madagascariensis



Diet determined by next generation sequencing reveals pest consumption and

opportunistic foraging by bats in macadamia orchards in South Africa

PETER JOHN TAYLOR1, 2, 8, EMMANUEL MATAMBA3, JACOBUS NICOLAAS (KOOS) STEYN4, TSHIFHIWA

NANGAMMBI3, 5, M. LISANDRA ZEPEDA-MENDOZA6, and KRISTINE BOHMANN6, 7

1SARChI Chair on Biodiversity Value and Change in the Vhembe Biosphere Reserve and Centre for Invasion Biology, 
School of Mathematical and Natural Sciences, University of Venda, P. Bag X5050, Thohoyandou 0950, Republic of South Africa

2School of Life Sciences, University of KwaZulu-Natal, Durban 4001, Republic of South Africa
3Department of Zoology, School of Natural and Mathematical Sciences, University of Venda, P. Bag X5050, Thohoyandou 0950,

Republic of South Africa
4Department of Ecology and Resource Management, School of Environmental Sciences, University of Venda, P. Bag X5050,

Thohoyandou 0950, Republic of South Africa
5Department of Nature Conservation, Faculty of Science, Tshwane University of Technology, P. Bag X680, Pretoria 0001, 

Republic of South Africa
6Section for Evolutionary Genomics, Centre for GeoGenetics, Natural History Museum of Denmark, University of Copenhagen,

Øster Voldgade 5-7, 1350 Copenhagen K, Denmark.
7School of Biological Sciences, University of East Anglia, Norwich Research Park, Norwich NR4 7TJ, United Kingdom

8Corresponding author: E-mail: Peter.Taylor@univen.ac.za

Recent studies have documented the economically significant impact of bats as predators of agricultural pest insects. We used Next
Generation Sequencing (NGS) of the cytochrome oxidase I gene to elucidate the diet of six species of bats based on faecal pellets
collected from individuals and roosts in macadamia orchards at Levubu, Limpopo Province, South Africa. For five of these species,
we compared the molecular data with published results from microscopic analysis of faecal pellets, culled parts and stomach
contents. We provide the first description of the molecular diet of the large African molossid bat, Mops midas. Expectations from
skull morphology and a single limited study of stomach contents were that this species should be a beetle-specialist. However, NGS
revealed that the diet of M. midas contained a much higher prevalence and diversity of lepidopteran (81 taxa from 17 families)
compared to coleopteran (two taxa) prey. While this result is predicted by the allotonic frequency hypothesis for a bat species with
low echolocation frequency, it could also be explained by unequal PCR amplification, a constraint of amplicon sequencing. Apart
from the above-mentioned species where our sample was probably unbiased (24 pellets from multiple roosts and occasions), sample
sizes of the other five species were very low and therefore potentially biased (1–6 pellets). Nevertheless, these samples revealed for
each bat species surprisingly many prey taxa spanning several insect orders, indicating that individual bats were capable of consuming
a wide diversity of prey during one or two nights of foraging. Contrary to expectations, bats of all foraging groups (clutter, clutter-
edge and open-air) fed opportunistically on mostly-flightless cockroaches (Order Blattodea). About one third of all faecal pellets
tested from five species of bats of all foraging groups contained DNA from the significant macadamia pest species, Nezara viridula
(Order Heteroptera), indicating the value of intact bat communities in the biological control of pest stink bugs in macadamia
orchards. Contrary to the general expectations of the allotonic frequency hypothesis, all six bat species studied fed predominantly
on tympanate versus non-tympanate species of moths (57–75% of lepidopteran prey taxa), even those ‘non-allotonic’ bat species
having intermediate echolocation peak frequencies that encompass the frequency sensitivity of hearing (tympanate) moths.

Key words: Chiroptera, macadamia, stink bugs, Limpopo Province, South Africa

INTRODUCTION

Bats consume large numbers of nocturnal insects
including many crop pests (Williams-Guillén, Per -
fecto and van der Meer, 2008; Jones et al., 2009; Boh -
mann et al., 2011; Kunz et al., 2011; McCrack en et
al., 2012). Bat predation of pest insects has 

a significant economic benefit to farmers (Cleveland
et al., 2006; Boyles et al., 2011; Maas et al., 2013,
2015; Lopez-Hoffman et al., 2014; Wanger et al.,
2014; Maine and Boyles, 2015). There is an urgent
need to further document the economic value of bats
in agriculture to underline the ecological services
they provide, thus promoting the need for their 

Acta Chiropterologica, 19(2): 239–254, 2017
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

doi: 10.3161/15081109ACC2017.19.2.003



INTRODUCTION

Accurate descriptions of bat habitat requirements
are a key part of their conservation management
(Walsh and Harris, 1996b; Zeale et al., 2012).
Whilst variation in geographical patterns in bat
species abundance on large scales, such as altitude
and predominant habitat type are well known
(Walsh et al., 1995; Walsh and Harris, 1996a), fewer
studies have investigated relationships between
finer scale landscape patterns and species abun-
dance, habitat usage, and foraging patterns (Warren
et al., 2000; Downs and Racey, 2006; Ávila-Caba -
dilla et al., 2012). Moreover, given that many insec-
tivorous bats are opportunistic feeders (Vaug-
han, 1997; Levin et al., 2009), and are quick to 
exploit swarms of insects (de Jong and Ahlén,

1991), factors affecting distribution and abundance
of prey must be considered when discussing bat 
habitat requirements, especially in a management 
sense.

Rivers and riparian habitat are hugely important
foraging sites for Daubenton’s bat, Myotis dauben-
tonii (Furmankiewicz and Kucharska, 2009) and
common pipistrelle, Pipistrellus pipistrellus (Downs
and Racey, 2006). These habitats are interdiscipli-
nary in terms of their management, and are under in-
creasing agricultural, hydrological, and recreational
pressure. Assessment of the relative importance of
small-scale habitat characteristics, such as river sur-
face state and extent of bank-side trees, should allow
clarification of management guidelines for the ben-
efit of bat species in upland river systems (Polasky,
2008; Linke et al., 2011).
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Distribution and abundance of two temperate-zone insectivorous bats, Daubenton’s (Myotis daubentonii) and common pipistrelle
(Pipistrellus pipistrellus), and their potential prey were studied along an altitudinal river gradient in relation to environmental
variables including air temperature, wind speed, water surface state, and presence or absence of bank-side trees. Using a Latin square
design at ten different habitat combination types, ultrasound recordings and insect sampling were carried out to quantify bat habitat
preferences and potential prey abundance and classification. Myotis daubentonii and P. pipistrellus activity was significantly higher
over smooth water river sections with trees on either or both banks while cluttered and rapid water sections were avoided.
Conversely, insect abundance was not related to water surface condition or the presence or absence of bank-side trees. Nematoceran
dipterans made up 98% of insect numbers, with small numbers of brachycerans and cyclorrhaphans. The most common insect
families were Chironomidae and Ceratopogonidae. There was no correlation between bat activity and aerial insect activity,
suggesting that aerial prey availability is not the sole driver of bat habitat choice. Bat and insect abundance were each correlated
positively with night-time air temperature. No bat passes or flying insects were recorded at temperatures < 4°C. At 5°C, only 
M. daubentonii were observed foraging, and at 6ºC there were more M. daubentonii present than any other bat species. No
correlation was found between number of bat passes hr-1 and wind speed, moon visibility, moon phase, and percentage cloud cover.
Rain did not affect M. daubentonii, but P. pipistrellus preferred to forage on dry nights. Bats were predicted to forage preferentially
where aerial insect abundance was highest but this was found to not be case, and other aspects such as detection of prey against
clutter may have an important role to play in habitat choice.

Key words: Daubenton’s bat, common pipistrelle, insects, habitat preferences, temperature, riparian, echolocation constraints



INTRODUCTION

Increasing carbon emmissions has resulted in
global temperatures increasing rapidly (Solomon et
al., 2009), and entire biomes and ecosystems are
now in motion (Chapin III et al., 2000; Chakraborty
et al., 2003). With intensifying human land use 
exerting additional pressure on ecosystems (Smith
et al., 2016), the extinction rate of many species 
are occurring at a greater rate than at pre-indus-
trialisation (Cafaro, 2015). Endemic and special-
ised species are especially at risk because of their
limited ability to migrate and/or adapt to new 
conditions (Donoghue and Edwards, 2014; Aguiar 
et al., 2016). Because these species constitute 
the majority of species in many taxonomic groups
(e.g., Smith et al., 2006), there is an urgent need 
to better understand the consequences of such 
range shifts and extinctions of individual species 
for local biodiversity and associated ecosystem
services.

An important step towards this goal is sampling
baseline data and setting up a monitoring scheme,
yet with this approach, insights can be expected only
after some time. By contrast, if we better understood
the mechanisms governing local assemblage struc-
tures, we could generate preliminary estimates of fu-
ture changes in local biodiversity due to climate and
land use changes that might be useful in devising
conservation schemes now.

One of the most vital questions in this respect is
how strongly biotic factors (e.g., interspecific com-
petition) limit potential range shifts relative to abi-
otic factors (e.g., climatic tolerance). If competition
is a decisive structuring force and species respond to
abiotic environmental change differentially, assem-
blages might not stay functionally intact when shift-
ing geographically. The question is also challenging
because it requires an analysis of both the taxonomic
dimension of biodiversity (species richness and as-
semblage composition) and the functional dimen-
sion (functional traits).
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Rising global temperatures cause severe changes to the environment resulting, for example, in shifts in biomes and assemblages to
higher elevational ranges. Therefore, it is integral to understand how species and assemblages will respond to this threat. Elevational
gradients present a useful framework to measure potential changes to diversity due to climate change and human land use. Most
studies focus on taxonomic diversity, and ignore functional diversity which provides a measure of the ecological roles of species
within ecosystems. The aim of this study was to investigate taxonomic and functional diversity of as well as variation in assemblage
structure of the insectivorous bat communities along the Mount Nimba elevational gradient. We predicted that both taxonomic and
functional diversity would be negatively correlated with elevation, and that bat assemblages would show a nested pattern along the
elevational gradient. Taxonomic diversity was calculated using species richness. Functional diversity of univariate and multivariate
traits was calculated using two diversity indices: mean pairwise distance and mean nearest taxon distance. As predicted, species
richness of bats was significantly negatively correlated with elevation. Functional diversity however, decreased significantly only at
the highest elevation (and this may even be a sampling artifact given high human activities there in recent times). Contrary to
predictions, metacommunity analyses revealed quasi-Gleasonian structuring of bat assemblages, indicating weak structuring forces
along the elevational gradient. These results suggest that bat assemblages shifting in response to climate change along elevational
gradients may change taxonomically but stay largely intact functionally.

Key words: Chiroptera, elevational gradient, functional diversity, metacommunity, Mount Nimba, species richness



INTRODUCTION

The vast region of Patagonia in the Southern
Cone of South America is characterized by severe
climatic conditions with extreme annual rainfall
regimes, low temperatures and strong winds (León
et al., 1998; Paruelo et al., 1998; Mancini et al.,
2005). These climatic conditions might impact on
the low bat diversity recorded in the area by 
generating seasonal fluctuations in the insects 
abundance throughout the year (Glanz, 1982;
McNab, 1982; Racey and Speakman, 1987; Grine -
vitch et al., 1995; Speakman and Thomas, 2003;
Boyles et al., 2008) that might not allow the main-
tenance of a great species number. Patagonian 
bats are represented by a few insectivorous spe-
cies in the Vespertilio nidae and Molossidae, which
are the only bats that have successfully colonized
Patagonia (Kunz, 1988). None theless, Patagonia 
is interesting for the study of bats particularly due 
to the endemic status of some of its species, and 
the fact that the non-endemic species reach their

austral distributional limits in the region. In north-
western Central Pata gonia (Argentina), only seven
bat species have been recorded: Histiotus macro-
tus, H. magellanicus, H. montanus, Myotis aelleni,
M. chiloensis, and Lasiurus varius in the family
Vespertilioni dae, and Tadarida brasiliensis in
Molossidae (Barquez et al., 1993, 1999; Bar-
quez, 2006; Giménez, 2010; Gimé nez et al., 2012).
Four of these species are endemic to Patagonian 
environments: L. varius, H. magellanicus, M. ael-
leni and M. chi lo ensis (Barquez, 2006). Contrar-
ily, H. ma cro tus, H. montanus and T. brasi lien sis
are widely distributed beyond the region (Bar quez et
al., 1999; Giménez, 2010; Giménez et al., 2012,
2015).

The Patagonian bat assemblage has been poorly
studied, and little is known of the ecological interac-
tion patterns among these species. In this study, we
analyzed the Patagonian bat assemblage using an
ecomorphological approach. Ecomorphology is the
study of the relationship between the functional de-
sign of organisms and the environment (Wainwright,
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Patagonian bats are represented by only insectivorous species, five vespertilionids and one molossid species. They constitute 
an interesting assemblage of temperate species that remains poorly studied. Here we uncover ecomorphological patterns of
Patagonian bats using craniodental morphology, aerodynamic measurements, and external bodily characters. Multivariate analysis
was applied to characterize morphometric variation of each dataset separately and in combination. We explored the segregation of
species in morphospace, and the importance of phylogeny in the assemblage organization. We used a phylogenetic comparative
method to evaluate historical effects on the morphofunctional structure. Our results indicated that the species of the Patagonian
assemblage segregate in dimensions of morphospace by size and morphology, which would be related to prey selection (trophic
differences) and habitat use (different styles of flight). We also demonstrated the impact of different cladogenetic events of the
evolutionary history of species on the structuring of the Patagonian assemblage, with the successive addition of non-overlapping,
well-defined morphofunctional types imported from other South American regions, and whit speciation events that resulted in
species-level endemisms (Myotis chiloensis, Histiotus magellanicus, and Lasiurus varius).

Key words: ecomorphology, Vespertilionidae, Molossidae, Patagonia, morphospace



INTRODUCTION

The Order Chiroptera is the second largest order
of mammals, with over 1,300 bat species currently
known globally (Voigt and Kingston, 2016), occu-
pying various trophic niches. Hence, bats are impor-
tant as seed dispersers and pollinators, which are
crucial functions in the dynamics and maintenance
of ecological processes in tropical forests (Kunz and
Parsons, 2009). Several studies have been con-
ducted about the structure of bat assemblages in
tropical forests, with particular attention on spatial
heterogeneity across the entire forest profile, specif-
ically to vertical stratification (Francis, 1994; Kalko
and Handley, 2001; Hodgkison et al., 2004; Pereira
et al., 2010; Carvalho et al., 2013). Vertical stratifi-
cation of assemblages has been documented in sev-
eral animal groups, including primates (Buchanan-
Smith et al., 2000; Heymann and Buchanan-Smith,

2000; Heymann et al., 2002), small mammals
(Vieira and Monteiro-Filho, 2003), birds (Walther,
2002; Jayson and Mathew, 2003), butterflies, bee-
tles, and other insect groups (Rodgers and Kitching,
1998; Fermon et al., 2003; Charles and Basset,
2005; Ulyshen, 2011). Edge effects have been docu-
mented as well in several insect groups (de Araújo
and Filho, 2012; Guimarães et al., 2014), birds
(Gates and Giffen, 1991; Banks-Leite et al., 2010),
and mammals (Garmendia et al., 2013; Hurst et al.,
2013). Observations on edge effects have been help-
ful in explaining large-scale species distribution and
community structure patterns, especially in the con-
text of habitat fragmentation caused by agricultural
landscape expansion (Hurst et al., 2013).

There are fewer studies that focused on different
forest landscapes, such as ridgetops and streams, as
factors that could explain the heterogeneity of as-
semblages within forests (Monadjem and Reside,
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In the Philippines, little is known beyond the most basic information on the ecology and biogeography of fruit bats. This is
aggravated by the increasing risks on their populations, particularly in primary lowland forests, the most threatened habitat in the
country, which these species inhabit and also where chiropteran diversity is highest. In this study, the spatial heterogeneity of fruit
bats within a primary lowland forest in Palanan, Isabela, northeastern Luzon was investigated. In addition, habitat partitioning
patterns were compared with wing morphology variations. Mist nets were used to sample two vertical strata and three forest
landscapes. Wing loading and aspect ratio were measured for all species captured. A total of 1,243 fruit bats representing eight species
were caught from a sampling effort of 398,736 m2·h. All species were captured in the canopy, while only six species were captured
in the understory. All species were also captured along ridges and forest edges, while only seven were captured along streams. Based
on permutational MANOVA, a significant difference was found between the species assemblages in the understory and canopy, but
not among ridges, streams, and forest edges. At the population level, Kruskal-Wallis tests were performed on capture rates per
species. All eight species exhibited strong preference for the canopy, while only two species were observed to have significantly
different capture rates across forest landscapes. Wing morphology patterns based on wing loading and aspect ratio did not show
consistent association with vertical strata preference. The varying capture rates of bats along ridges, streams and forest edges may
have been influenced by their feeding behavior. This study demonstrates the spatial heterogeneity of fruit bats across vertical strata
and across forest landscapes, the most significant of which is the preference for the canopy. Possible factors that could explain these
patterns include fruit availability, a cluttered habitat, and tree species distribution, which should be assessed in future studies.

Key words: Pteropodidae, Philippines, landscape ecology, vertical stratification, habitat partitioning



INTRODUCTION

Because of their unusual life history and vulner-
ability, understanding the behaviour of bats is im-
portant for both scientific reasons and for their con-
servation. However, as most bat species have cryptic
lifestyles, the investigation of their behaviour is 
difficult in the field (Kerth, 2008). One of the still
enigmatic behaviours of many bat species of the
temperate zone is autumn swarming behaviour 
(e.g., Fenton, 1969; van Schaik et al., 2015). During
swarming, bats congregate at hibernacula, such as
caves, cellars or abandoned mines, at night and fly
in and around the entrance, often staying for only 
a few hours before returning several weeks later at
the onset of winter hibernation (Parsons et al., 2003;

Rivers et al., 2006). Swarming sites are typically lo-
cated dozens of kilometres away from the bats’ sum-
mer habitat (Parsons and Jones, 2003). Thus, the
bats usually cannot explore them during foraging in
their summer home ranges. One of the big open
questions of bat biology therefore remains how bats
find these sites (Kerth, 2008).

Two studies of Myotis nattereri by Rivers and
colleagues (2005, 2006) showed that although bats
often visited the nearest suitable swarming site to
the colony where they spent the summer, for most
swarming sites the size of their catchment area is
large. Moreover, females from a single maternity
colony are sometimes recovered at multiple swarm-
ing sites (Rivers et al., 2006). These findings sug-
gest that the whole colony does not migrate together
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How do young bats find suitable swarming and hibernation sites? Assessing the

plausibility of the maternal guidance hypothesis using genetic maternity assignment
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In many temperate zone bat species, large numbers of individuals aggregate in autumn at potential hibernacula such as caves, mines,
and cellars, for a behaviour known as swarming. This autumn swarming probably serves two functions, the achievement of matings
and the assessment of potential hibernation sites. Even though this remarkable behaviour has attracted a lot of research during the
last decades, several central questions regarding the autumn swarming of temperate zone bats remain unanswered. One of them is
how juvenile bats (defined here as young of the year) are able to find swarming sites, which are typically dozens of kilometres away
from the maternity colonies where they had been born. In this study, we used a combination of field data and population genetic
tools to assess whether the juveniles are likely to learn the location of swarming sites from their mothers. To obtain non-destructive
wing-tissue samples for DNA-based maternity assignments, 170 Myotis daubentonii and 195 Myotis nattereri were captured during
the swarming seasons in two subsequent years, at a large hibernaculum in Germany. Based on 14, respectively 13, highly
polymorphic microsatellite loci, maternity assignment tests were conducted for all captured adult females and juveniles that had been
born in the two respective years. For M. daubentonii we found four assigned mother-offspring pairs, whereas in M. nattereri, eight
mother-offspring pairs could be assigned with high certainty. Moreover, among the latter species, in seven pairs the mothers and 
the assigned offspring were caught within ten minutes of one another on the same night. Using a simulation, we show that for 
M. nattereri, significantly more juveniles than expected are caught together with their mothers at the hibernacula. We discuss the
implications of our findings with regard to understanding autumn swarming behaviour in temperate zone bats, as well as for the
conservation of bats that depend on swarming sites for mating and hibernation.

Key words: conservation, Chiroptera, hibernacula, information transfer, maternity assignment, maternal guidance hypothesis, 
swarming behaviour

*Contributed equally



INTRODUCTION

Bats are highly diverse social mammals that act
as ideal model systems to study evolution of key so-
cial behaviours that underpin sex-limited mating
strategies and mate choice (Kerth, 2008). In bats,
males are known to choose either the resource that
will invite females into their territories or the fe-
males as such, to guard and maximize their repro-
ductive fitness (Ortega and Arita, 2000; Heckel and
von Helversen, 2002). The former strategy is termed
as resource defence polygyny and the latter as fe-
male defence polygyny (Emlen and Oring, 1977;
Ost  feld, 1987). 

Several species within the order Chiroptera have
been reported as excellent model animals to study
both mating strategies. Especially in resource de-
fence polygyny, males that are usually low in num-
ber within a population (i.e., female biased opera-
tional sex ratio), compete for access to reproductive
females. This intra-sexual (male-male) competition

is usually won through monopolizing a resource
(usually roosting or foraging resources) that will
gain them access to females, and directly benefit
them with increased reproductive fitness — defined
as resource defence behaviour (RDB — Morrison,
1979; Lundberg and Gerell, 1986; Williams, 1986;
Heckel and von Helversen, 2002; Hodgkison et al.,
2003). However, within any aggregated animal
group, female mate choice will play a critical role in
determining individual male fitness, as not all the
roosting resources in a geographical location are of
the same quality (Christy, 1983). Thus, the evolution
of RDB as an alternative mating strategy has been
shaped by a combination of factors, including sexual
selection, operational sex ratio, spatial and tem-
poral distribution, and availability and quality of the
resources.

Numerous studies have provided a wealth of 
evidence for RDB across taxa that mainly follow 
a polygynous mating system. For instance, resource
defence behaviour is reported in crustaceans
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Male resource defence behaviour strengthens harem size in promiscuously 

mating fruit bats
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Mating success in group forming animals largely depend on the ability of same-sex competitors (usually males) to monopolize local
resources that are spatially limited and are of importance to their sexual partners. Across taxa, this resource defence behaviour (RDB)
is predicted to maximize male reproductive success. Although RDB is widely observed in polygynous societies, its significance as
an alternative male mating strategy among randomly mating individuals (i.e., promiscuous) is a less explored topic in ethology,
especially within Chiroptera. In this study, we elucidate the relationship between RDB (measured here as male tent defence
behaviour) and the harem size associated with adult males of Cynopterus sphinx. From 12 independent resident male removal
experiments, we found that inter-male aggressive combats often exclusively occur while defending foliage tents in mating seasons.
Further, our harem census data of usurper males (during usurpation) and resident males (post release), suggests a significant bias
among females to preferentially roost with the resident males. This preferential association between harem females and the resident
males that almost always recovers the foliage tent from the usurpers, suggests that C. sphinx harem males use RDB as an alternative
mating strategy to monopolize roosting resources and maintain large harems. However, further research is required to identify the
direct effects of RDB on individual male reproductive success.

Key words: Cynopterus sphinx, resource defence, aggression, alternative mating tactics, intra sexual mate competition, promiscuity
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INTRODUCTION

The Neotropical fringe-lipped bat, Trachops cir-
rhosus (Spix, 1823), is a member of the leaf-nosed
bats (Phyllostomidae), and is the sole species in the
genus Trachops. The range of T. cirrhosus extends
from Mexico to Brazil (Cramer et al., 2001), al-
though this group may encompass as many as nine
subspecies (Clare et al., 2011). Trachops cirrhosus
is a gleaning predator that consumes a wide variety
of insect and vertebrate prey (Bonato et al., 2004;
Giannini and Kalko, 2004). Flight cage observations
indicate that it is a perch-hunter that predominantly
relies on prey-emitted cues such as prey mating calls
to initiate attack (reviewed in Page and Jones, 2016).
It is particularly well known for its eavesdropping
on frog sexual advertisement calls (Tuttle and Ryan,

1981), earning it the nickname, the ‘frog-eating bat’.
Its behaviour of eavesdropping on frog calls has
made T. cirrhosus a model for examining how pre-
dation can be a selective force on sexual advertise-
ment signals of prey (Ryan and Tuttle, 1982; Akre
and Ryan, 2010; Trillo et al., 2012; Halfwerk et al.,
2014a, 2014b). Trachops cirrhosus has also become
the focus of studies of animal cognition as it is a fast
learner (Page and Ryan, 2005), can learn socially
from interacting with other bats (Page and Ryan,
2006; Jones et al., 2013), and integrates cues across
multiple modalities (Halfwerk et al., 2014a, 2014b).
In many ways T. cirrhosus seems to be unusual
among bats in its cognitive capabilities, perhaps due
to natural selection for eavesdropping behaviour,
which requires bats to identify a variety of prey using
their species-specific sexual advertisement calls. 
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The Neotropical fringe-lipped bat, Trachops cirrhosus, is a generalist predator that hunts frogs and insects by homing in on their
mating calls. Although research has examined cognition and prey preferences of bats in captivity, little is known of the foraging or
roosting behaviour of this species in the wild. We radio tracked six T. cirrhosus individuals on Barro Colorado Island, Panamá. Bat
day roosts were all in hollow cashew trees, Anacardium excelsum, in mixed sex groups of three to five T. cirrhosus individuals, with
frequent roost switching. Radio tracked individuals flew an average of 218 ± 227 m from their day roosts to 12.0 ± 10.17 ha foraging
areas (50% utilization distribution [UD] kernels = areas where bats spent 50% of their time as estimated from a probability
distribution). These 50% UD kernels were less than 10% of their average total range use, but larger than previously reported for 
T. cirrhosus. Radio tracked individuals overlapped in 50% UD kernel foraging areas by only 2.1 ± 5.9 % on average. Foraging
behaviour consisted predominantly of short sally flights of less than one minute, indicating bats were likely perch hunting. Bats were
more frequently in flight, and had longer flight durations, at the beginning of the night and just before dawn than throughout the 
rest of the night. These data provide insight into the foraging behaviour of T. cirrhosus in the wild, that is a species fast becoming
a model system of cognition in captivity.

Key words: Barro Colorado Island, Chiroptera, Brownian bridge, movement ecology, roosting behaviour, telemetry, Trachops 
cirrhosus, social learning



INTRODUCTION

Flight activity varies considerably among insec-
tivorous bat species. This is primarily due to the
varying peak abundance of the different prey species
(Jones and Rydell, 1994). Peak abundance of prey
may influence the timing of foraging of bats (Rydell
et al., 1996), thus affecting nightly and monthly
flight activity. Aerial-hawking bats may show 
maximum flight activity during the early evening,
coinciding with the peak activity of many flying in-
sects, while gleaners often forage later at night
(Rydell et al., 1996). Several environmental factors,
including moon phase, humidity and temperature
may influence flight activity of insects (Taylor,
1963; Lewis and Taylor, 1965; Meyer et al., 2004),
thus affecting bat activity (Fenton et al., 1977; Me -
yer et al., 2004). An additional fac tor shaping flight

activity patterns of bats may be predator avoidance
(Brown, 1988; Russo et al., 2011).

Caves are important for many bat species and are
used as night roosts, hideouts from predators, transi-
tional roosts during migration or permanent diurnal
roosts (Stewart, 1981; Churchill et al., 1997; Ber -
ková and Zukal, 2010). In Ghana many cave roosts
are shared between the highly abundant Hipposide -
ros ruber and several other species, including the
congeners H. abae and H. gigas (Nkrumah et al.,
2016a). Additionally, caves offer excellent opportu-
nities for assessing activity patterns of bats and 
relate these to ambient conditions such as tempera-
ture (Berková and Zukal, 2006, 2010).

In this study therefore, our objectives were to: 
1) Assess the nightly and annual activity fluctuations
of H. ruber at two caves in Ghana; 2) Investigate 
the influence of ambient temperature on activity 
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Noack’s round-leaf bat Hipposideros cf. ruber is widely distributed in sub-Saharan Africa. Here, we present some aspects of its
ecology from two caves in central Ghana. Our main objective was to assess the nightly and annual flight activity and to examine the
influences of ambient temperature on flight activity. We tested the hypothesis that flight activity of the species is concentrated at
certain periods of the night and the year using mist-netting data from 2,712 captured bats. We found no evidence for annual
fluctuations in flight activity, probably due to no distinct seasonal limitation of food resources, no migration, and the lack of extreme
environmental conditions in the study area. Our hypothesis of concentrated nightly flight activity was confirmed for one cave but
not for the other. Flight activity was concentrated early in the night (20:00, 21:00 and 22:00 hours) at one cave, possibly to take
advantage of locally available early active prey insects, while it was uniformly distributed throughout the night at the other. Lastly,
we found a reduction in the flight activity of H. cf. ruber when there was a distinct drop in temperature over the night. We therefore
suggest the reduction in flight activity may result from the direct effects of temperature on prey abundance as the bats responded by
reducing activity to avoid excessive prey search costs.

Key words: prey, insects, temperature, caves, flight activity, Hipposideros cf. ruber



INTRODUCTION

The vast majority of bats are nocturnal animals
that spend most of the daytime in roosts that offer
stable microclimates, which they tend to leave at
dusk and return at around sunrise (Aschoff, 1966;
Erkert, 1978, 1982; Kunz, 1982). However, within
this general pattern, the exact timing of departure
from roosts can vary as a response to selection pres-
sure from food availability, competition and preda-
tion (Erkert, 1982; Kunz, 1982). Nocturnality seems
to be related to an increased predation pressure to
bats that fly during the daytime, which could be as
much as 10-fold higher (Speakman, 1991b; Rydell
and Speakman, 1995). Nocturnality also reduces
food competition between bats and diurnal birds as
their ecological niches do not overlap (Jones and
Rydell, 1994). Individuals of many bat species
emerge before it gets completely dark to take advan-
tage of flying insect abundance peaks around dusk

(Racey and Swift, 1985; Rydell et al., 1996; Pavey
et al., 2001). The trade-off between predation and
food availability may influence the ideal emergence
time for each species. Because cave-dwelling bats
must leave their roosts through openings of a limited
size, they have to leave individually, or within small
groups, which can take a considerable time (Davis et
al., 1962). Consequently, the time of departure may
not only be linked to differences in the optimum
time of emergence, but also to inter and intra-spe-
cific competition.

Variations in energy demand among individuals
of the same species may also be a key factor of inter-
seasonal variation in the time of daily emergence.
Lactating females should emerge before pregnant 
females as their energetic requirements are higher
(Racey and Speakman, 1987; Kurta et al., 1989,
Duvergé et al., 2000; Reichard et al., 2009). More -
over, heavily pregnant bats are expected to emerge
later as they experience heavier wing loading (ratio
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during their breeding period
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The emergence of cave-dwelling bats can be influenced by multiple variables, such as diurnal predator evasion, energetic
requirements, and prey abundance. This work aimed to determine emergence patterns of cave-dwelling bat species from roosts over
the April–July 2013 period in the Valencian Community (East Spain) by infrared camera and acoustic recordings. We observed that
Miniopterus schreibersii left earliest followed by the Myotis myotis/blythii group and Myotis capaccinii and finally Myotis escalerai.
This pattern of emergence was observed in four roosts with no significant differences. Miniopterus schreibersii tended to display
quicker flight in open areas, compared to the Myotis genus. Moreover, the M. myotis/blythii group and M. capaccinii were larger in
size and had a greater wing loading than M. escalerai. Therefore, variations in emergence times may be due to differences in
predation pressure by diurnal and crepuscular predators, which would enable large and fast bats like M. schreibersii to leave earlier,
and thus, perhaps take advantage of insect abundance peaks. Another finding was that bats in general left earlier in relation to sunset
in summer (particularly in June) than in spring. Differences between months could be attributed to the presence of lactating females
in May and June in the genus Myotis, which have higher energetic demands than other reproductive classes and may need to forage
for a longer time or travel to further distances. Different results were obtained for M. schreibersii, indicating different ecological
pressures for this species.

Key words: Myotis myotis, maternity roosts, activity patterns, emergence timing, M. blythii, M. capaccinii, M. escalerai,
Miniopterus schreibersii



INTRODUCTION

Vespertilionid bats in temperate regions typically
hibernate during winter to minimize energy expen-
diture (Miková et al., 2013). Insectivorous bats ac-
cumulate body fat in summer and autumn (energy
re serves) to prepare for winter when food is scarce
or unavailable. The most significant ecological costs
of hibernation are exposure to predators and the ef-
fects of several physiological constraints (Humph ries
et al., 2003; Kokurewicz, 2004). These constraints
include decrease of immune response (Luis and
Hudson, 2006), reduced motor functions (Choi et
al., 1998), inhibition of protein synthesis (Van Breu -
kelen and Martin, 2002), sleep deprivation by intra
or interspecific interference (Trachsel et al., 1991)
and increased likelihood of freezing (Clawson et al.,
1980). Since the winter torpor is not continuous,
bats can minimize these costs by spending less time
in hibernation (Wermundsen and Siivonen, 2010).

The rate of depletion of energy reserves through
the hibernation period is determined by the temper-
ature-dependent metabolic rate (Brigham, 1987) and
winter torpor, which consists of discrete torpor 
bouts separated by brief periods of normothermy or
arousal behaviour (Thomas and Geiser, 1997; Luis
and Hudson, 2006). Together, the depth and duration
of torpor bouts are part of an energetic balance be-
tween costs and benefits of arousals and torpor
(Hum phries et al., 2003; Boyles et al., 2007; Jonas -
son and Willis, 2011). There are widely diverging
interpretations on the causes leading to increase bat
activity and how these selective pressures determine
whether bats become active or remain in the same
location after arousal (Boyles et al., 2006).

When temperatures are sufficiently high and
other suitable climatic conditions are present, torpor
breaks can be rather frequent (Ransome, 1971;
Daan, 1973; Zukal et al., 2005). These breaks can
lead to changes in hibernation patterns, such as 
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Although the Vespertilionid bats typically hibernate during the winter to minimize energy expenditure in the cold months, in the
temperate regions torpor breaks can be rather frequent. The aim of our study was to conduct a preliminary characterisation of the
winter bat activity patterns in Mediterranean peri-urban deciduous forests of North Portugal. Echolocation calls were recorded
between November and February, and bat activity was regularly detected on warm evenings, with sun set temperatures above 4.6°C
during the night sampling, mostly in November (89.9%), only rarely in December (3.7%) and February (6.4%) and without activity
detected in January. The most commonly recorded species were Pipistrellus pygmaeus, P. pipistrellus, and P. kuhlii. Socialization
activity was mostly concentrated in November (96.8%), only with rare records in February (3.2%) and absent in December and
January. Regarding the best fitting average model, obtained by the Multi-Model Inference (MMI) method to explaining the variation
of bat passes, the main positive influencing factors are related with the night period of the monitoring process and temperature, and
the negative influence with the precipitation recorded in the last 48 hours before surveys. The MMI results for the variation of social
calls revealed as significant positive influences the humidity, temperature and wind speed and as negative influence the precipitation
recorded in the last 48 hours before surveys. We outline our study as a promising baseline to the studies of winter bat activity,
demonstrating how the present and past weather conditions can play a major role in bat torpor breaks. Therefore, for conservation
purposes, further winter acoustic research efforts should be consider mandatory for full understanding the bat activity patterns facing
the potential impacts of global climatic changes expected to occur in the Mediterranean region.

Key words: bat activity, winter acoustic monitoring, North Portugal, Mediterranean forests



INTRODUCTION

The alpine habitat with its extreme environmen-
tal conditions, short summer and suddenly changing
weather, seems to be a very unsuitable habitat for
bats. Since it is also a difficult habitat to work in,
only little is known about the occurrence of bats at
high altitudes. Before the present study, only a small
number of bat records were known from altitudes
around 2000 m above sea level (a.s.l.) in the Alps.
Some of Austria’s highest records concerned
Eptesicus nilssonii, which was captured in a mist 
net near lake Weißsee in Salzburg at an altitude 
of 2300 m (Ausobsky, 1970), Myotis brandtii
which was caught in the Nationalpark Hohe Tauern
in Carinthia at 1904 m, and the genus Plecotus
recorded at altitudes up to 1900 m (U. Hüttmeir, 
J. Kreuzberger, M. Jerabek, and G. Reiter, in litt.). In
the Swiss Alps a maternity roost of Plecotus auritus
was found at 2300 m (Schober and Grimmberger,
1998) and Pipistrellus nathusii was recorded at an
altitude of 2200 m at the Colm de Balme (Hausser,

1995). Since only short-term studies had been con-
ducted so far, we started systematic investigations of
bats at the highest regions of the Central Alps in
2012 (Widerin, 2012; Widerin and Jerabek, 2014),
partly within the framework of an international proj-
ect researching bat migration throughout the Alpine
Arch (F. Bontadina, A. Beck, F. Biollaz, C. Bros -
sard, A. Dietrich, M. Dobner, C. Eicher, A. Frey-
Ehrenbold, K. Krainer, F. Loercher et al., unpub-
lished data). Because of the extreme weather
conditions high mountainous regions are potential
areas for generating energy from wind farms.
However, wind energy production is associated with
a substantial risk for bats (Rydell et al., 2010; Ha -
yes, 2013; Lehnert et al., 2014). Thus, a better un-
derstanding of the occurrence, the biology and ecol-
ogy of bats at these altitudes is called for. The goals
for this work were: i) identifying bat species that can
be found at high altitudes, ii) finding out whether
migratory bat species are present at these altitudes,
iii) describing factors influencing the activity of bats
at high altitudes.
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The occurrence of bats in mountains at high altitudes above 2300 m has not been investigated in the Alps until recently. In other
European mountains, only a few studies on bats in high regions e.g., in the Pyrenees or in Switzerland at the Col de Bretolet had
been conducted. Here we report a study carried out between 2012 and 2016 at several high-alpine sites at altitudes ranging from
2250 m up to 2761 m in the mountains of the Hohe Tauern, Salzburg, Austria. In spite of extreme climatic conditions, a surprisingly
high bat activity and diversity of bat species was recorded. Eleven bat species were detected by different methods. Species identified
by echolocation calls were: Barbastella barbastellus, Eptesicus nilssonii, Nyctalus noctula, N. leisleri, Pipistrellus pipistrellus, 
P. pygmaeus, Myotis daubentonii, and Vespertilio murinus. Additional findings were the species pairs Myotis mystacinus/M. brandtii 
and Pipistrellus nathusii/P. kuhlii as well as the genus Plecotus. The presence of most of these species was confirmed by capturing
individuals with mist nets. Permanent monitoring of ultrasound calls was undertaken throughout the active period of bats at the site
located at 2315 m above sea level. A total of over 30,000 series of bat calls were recorded and the activity period lasted from the
end of March to the beginning of November. Long-distance migratory bat species were recorded in spring under wintry conditions
and much more prominently from August to October. Presumably these individuals were crossing the Alps on their way between
summer and winter roosts. Sedentary bats used the high alpine zone for foraging during summer. At these altitudes bats were active
at high wind speeds of up to 13.9 m/s as well as at low temperatures around freezing point and down to -5.8°C.

Key words: Chiroptera, Austria, phenology, climatic conditions, National Park Hohe Tauern, migration



INTRODUCTION

Identifying summer distribution and breeding or
roosting sites of endangered bat species is critical
for their conservation. Barbastelle (Barbastella bar-
bastellus Schreber, 1774) may be one of western
Europe’s rarest and most endangered bat species
(Petersons et al., 2010) with declining populations
in most countries (Rydell and Bogdanowicz, 1997).
The IUCN Red List (Piraccini, 2016) classifies it as
Near Threatened and it is included in Annex II and
IV of the European Union’s Habitats Directive,
which dictates its habitat be designated as a Special
Areas of Conservation. Germany has a great respon -
 sibility to aid in conservation of the barbastelle, since
large parts of the bat’s range are located within the
country (BfN, 2011). The largest abundance occurs
in the federal states of Bavaria, Thuringia, Sa x  ony,
Brandenburg and a small area of reproduction sites

has also been identified in Rhineland-Palatinate.
However, information on the actual distribution of
the species is incomplete (Gottfried et al., 2015) due
to its nocturnal activity, relatively weak echoloca-
tion calls (Goerlitz et al., 2010), fission-fusion-be-
haviour in comparable small subgroups that often
roost in the canopy (Hillen et al., 2010), a large
home range (Hillen et al., 2009; Zeale et al., 2012)
and inconspicuous mating behaviour (Bat Con ser -
vation Trust, 2010). Barbastelle has large ly been be-
lieved to be extinct throughout Ger many since the
1950s, but recent records paint a different picture
(Cyrus et al., 2004). In Rhineland-Palatinate, the
number of confirmed maternity colony locations has
increased from two in 2008 to at least six in 2012
(FÖA Landschaftsplanung GmbH, 2014.). The ma-
jority of other recent records of summer foraging or
roosting sites are based on environmental assess-
ments completed prior to the construction of wind
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High-resolution MaxEnt modelling of habitat suitability for maternity 

colonies of the barbastelle bat Barbastella barbastellus (Schreber, 1774) 

in Rhineland-Palatinate, Germany
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The barbastelle bat Barbastella barbastellus (Schreber, 1774), probably one of the rarest of western European bat species, has
suffered from substantial population declines over the last several decades. In fact, it was believed to be extinct within the federal
state of Rhineland-Palatinate (western Germany) until the discovery of a maternity colony in 2004. More reproduction sites have
since been found, which demonstrates a substantial knowledge gap about the actual distribution and abundance of the species in
Rhineland-Palatinate. Suitable habitats for maternity colonies are crucial for the survival of a population and knowledge of their
location is critical for conservation. We modelled the suitability of habitats for use by maternity colonies in Rhineland-Palatinate
based on high-resolution data of the forest structure and roosting sites of maternity colonies, using the presence-only machine learning
approach MaxEnt. In addition to statistical tests of the model performance, we analysed general occurrence surveys from the last few
years for evidence of barbastelle and conducted an in-situ survey on one of the sites identified as highly suitable by the model, but for
which no occurrence records exist. On this site, we discovered a new maternity colony. Analysis of third-party surveys resulted in two
recently discovered colonies, which shows the barbastelle’s range is not restricted to the area south of the Moselle River. The results
of our study along with the scattered pattern of potentially suitable locations for maternity colonies in the region challenge previous
assumptions of the geographic distribution of barbastelle in Rhineland-Palatinate. This study demonstrates the potential of habitat
suitability modelling in conservation ecology and the results may provide a basis for future preservation strategies in the region.

Key words: species distribution modelling, barbastelle bat, Barbastella barbastellus, MaxEnt, conservation



INTRODUCTION

The semi-arid Caatinga (covering 826,411 km2 in
northeastern Brazil) comprises patches of seasonal
dry tropical forest and sclerophyllous and xero-
phytic vegetation dominated by leguminous trees
and species of Bromeliaceae and Cactaceae (Lima-
Araújo et al., 2007; MMA/IBAMA, 2011). At least
five out of 16 nectar-feeding bat species found in
Brazil occur in the Caatinga (Nogueira et al., 2014a;
Moratelli and Dias, 2015), including Xeronycteris
vieirai Gregorin and Ditchfield, 2005 (Phyllosto mi -
dae: Lonchophyllinae) — a recently-described spe -
cies that is specialized morphologically. 

Xeronycteris veirai is apparently restricted to 
the Brazilian Caatinga and knowledge about this 
endemic species is so far scarce. In fact, only two 

articles focus on it exclusively, of which one
(Gregorin and Ditchfield, 2005) provides the initial
description, while the other contains an emended 
diagnosis describing polydontia in the species
(Nogueira et al., 2014b). No data on ecology and
natural history are available, despite the obvious 
urgent need for these from the conservation perspec-
tive. The species is listed as Vulnerable on the 
Red List of Brazilian Threatened Species (MMA/
ICMBio, 2014) and as Data Deficient in the IUCN
database (Solari, 2015). An assessment of its conser-
vation and distribution status clearly requires more
field surveys and a revision relating to any museum
specimens, in order that conservation goals — 
for the bat and its Caatinga’s habitat — might be 
defined accurately. Here we describe for the first
time a roost of X. vieirai, and attendant information
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Natural history of the Caatinga endemic Vieira’s flower bat, Xeronycteris vieirai
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Xeronycteris vieirai is an endemic bat species described by Gregorin and Ditchfield in 2005 only five specimens of which have been
collected to date. It is considered Data Deficient by the IUCN Red List. There is little information about this species, so its ecological
requirements are poorly known although its diet has been speculated to be nectarivorous. Xeronycteris vieirai apparently has 
a distribution restricted to the semi-arid Brazilian Caatinga, a habitat that has been highly degraded. We present here the first
information about the natural history of X. vieirai, obtained through a large research project aiming at the ecology and conservation
of bats in the Caatinga of the states of Rio Grande do Norte and Pernambuco, northeastern Brazil. From June 2014 to October 2015
we captured 62 individuals of X. vieirai at five sites, which represent new records and expand its known distribution, establishing
the northernmost record. Xeronycteris vieirai feeds on nectar of at least nine species of plants belonging to six families, and mainly
on the columnar cactus Pilosocereus pachycladus. The species has peak activity at 1830 h and shows an apparently seasonally
monoestrous reproductive cycle (June–December). Adult females have longer forearms than adult males and are significantly
heavier; there is no bias in the sex ratio. A colony of approximately 20 individuals was observed in a well-ventilated cave with
natural lighting, representing the first documented roost for the species. Finally, ectoparasites of the genus Trichobius were found
on 85.7% of the individuals examined, with no difference in parasite load between males and females.

Key words: roosts, nectar-feeding, ectoparasites, reproduction, geographic range, Caatinga



INTRODUCTION

The Caatinga dryforests of northeastern Brazil
covers an area of 844,453 km2, or nearly 11% of the
Brazilian territory (IBGE, 2004). Intense anthropo -
genic impacts are causing serious environmental
damage to the Caatinga: data from 2009 pointed out
that over 47% of the biome’s vegetation has already
been deforested or anthropized (Hauff, 2010; MMA,
2011b). Furthermore, its biodiversity is still rela-
tively poorly known and poorly protected and, cur-
rently, only 1.4% of the Caatinga is strictly protected
(Hauff, 2010). 

The Caatinga is recognized as one of the most
species-rich dry forests in the world (MMA, 2011b).
Currently, 153 species of mammals are recorded in
the Caatinga (Paglia et al., 2012), and 90 of them are
bats (Carvalho-Neto et al., 2017). However, species
distribution modelling points to a potential of near-
ly 100 bat species in the area (U. B. T. Silva and 
M. Delgado-Jaramillo, unpublished data). Despite

such richness, the Caatinga is one of the least stud-
ied biomes for bats in Brazil: ca. 30% of the area 
has never been sampled for bats and only 7% has 
at least 20 species recorded (Bernard et al., 2011).
Moreover, studies in this region are commonly
based on mist netting. Although an effective tool for
sampling bats (Simmons and Voss, 1998; Sampaio
et al., 2003), mist-netting is biased towards specific
groups of species (Brigham et al., 2004; Estrada-
Villegas et al., 2010; Cunto and Bernard, 2012).
High flying aerial insectivorous species are notori-
ously difficult to catch with mist nets (e.g., Jung et
al., 2014), especially when compared with the more
abundant Phyllostomidae species, and, therefore,
several insectivores often go undetected in mist net-
ting inventories.

In the Caatinga, nearly 50% of the bat species 
are insectivores (Paglia et al., 2012; Carvalho-
Neto et al., 2017), including species belonging to
the families Emballonuridae, Molossidae and Ves -
pertilionidae. Therefore, mist netting alone will not
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Bioacoustics as an important complementary tool in bat inventories 

in the Caatinga drylands of Brazil
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The Caatinga of northeastern Brazil is considered one of the most species-rich dry forests in the World. The area may harbor nearly
100 species of bats and correctly accessing such richness is a scientific challenge. Bat inventories have been usually based solely 
on mist netting, which is biased in drylands, where nearly half of the species are open-space insectivores flying high above nets, 
or species able to better detect and avoid nets. Here, we used mist netting and acoustic inventories in three protected areas in 
the Caatinga, so species richness could be compared based on both techniques. After an effort of 1,010 net.hours and 1,941 minutes
of recordings, we recorded 29 species with nets, 27 on recordings, and five with both techniques. Acoustic sampling resulted in 
more species in 44% of nights sampled, and two nights had species recorded solely based on their echolocation calls. Species
recording differed between techniques, and the driest the site, the lowest the captures with nets, while records based on echolocation
remained constant. Based on species estimators, netting achieved 51% of the expected richness, acoustics achieved 87%, and 
both techniques achieved 70%. Using acoustic sampling we recorded ca. of 42% of the insectivorous species expected for the 
entire Caatinga and 20% solely on netting. Moreover, in our study bioacoustics indicated that some species were more abundant 
and widespread than expected. Therefore, studies using solely netting or bioacoustics will produce different results and, in
Neotropical dry forests like Caatinga, for a more complete scenario on the local bat species richness a combination of both
techniques is essential.

Key words: acoustic inventory, Chiroptera, dry forests, echolocation, species inventories



INTRODUCTION

Owing to its geographic location, the Andaman

and Nicobar Island archipelago (11.7401°N,

92.6586°E) is a highly species-rich group of islands

in the Bay of Bengal. Geologically, the archipelago

is a part of the Andaman arc which extends from 

the southern coast of Myanmar to Sumatra. It is di-

vided into two distinct groups of islands separated

by the ‘Ten-degree Channel’. On the north of the

Ten-degree latitude are the Andaman Islands, con-

sisting of 352 islands and many islets, while on the

south are the Nicobar Islands, consisting of around

20 islands. These two island groups hold a com-

pletely distinct type of rainforest ecosystem to that

of mainland India, and also differ from each other. 

The Andaman Islands are part of the Indo-Burma

biodiversity hotspot and the Nicobar Islands are part

of the Sundaland biodiversity hotspot (Myers et al.,
2000). These islands are very rich in their fauna and

flora, and harbour a great number of endemic taxa.

The mammalian fauna of these islands is unique and

is represented by many endemic species among

small mammals, including rodents, insectivores and

bats (Pande et al., 1991).

The Andaman Islands cover an area of 6,408

km2 and extend 467 km north-south and 52 km east-

west. They are administratively divided into two

districts — North & Middle Andaman District, and

South Andaman District (Fig. 1). North & Middle

Andaman District occupies an area of 3,736 km2, of

which 88.9% (3,320.82 km2) of land is covered with

forest, while South Andaman District occupies an

area of 2,672 km2, of which 86.4% (2,307.80 km2)
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We studied the chiropteran diversity of Andaman Islands between July 2012 and January 2016 from 38 different localities spread

throughout the islands. Our surveys revealed the presence of 17 species of bats. One species — lesser bamboo bat Tylonycteris
pachypus — reported earlier could not be found during the present study. Our study adds four new species records (Andersen’s

roundleaf bat Hipposideros pomona, diadem roundleaf bat Hipposideros diadema, Indian pipistrelle Pipistrellus coromandra, and

greater bamboo bat Tylonycteris robustula) for the Andaman Islands. A brief review of each species including details on its

distribution (earlier and present), and external and craniodental measurements is provided. We also provide a database of

echolocation calls for the Islands’ echolocating bat fauna, and confirm the reliability of acoustic monitoring as a method to non-

invasively document chiropteran diversity there. This database allows comparisons with taxa from the mainland that are currently

considered conspecific, but which show acoustic divergence, and deserve further taxonomic study.

Key words: call library, taxonomy, endemic species, FM calls, FM/QCF calls, CF calls, acoustics



INTRODUCTION

Caves and other underground roosts such as
mines, tunnels, and culverts have great biological 
importance as habitat and shelter for a great variety
of organisms. These roost sites, mainly caves, are
dynamic and complex systems and organisms living
in them have established strong interdependent 
relationships and have integrated communities very
different to those living aboveground (Barr, 1967;
Poulson and White, 1969; Culver and Pipan, 2009;
Romero, 2009). Bats are keystone organisms in
these places, because they represent a source of
large amounts of organic matter through their feces,
which is the food base for many cave ecosystems
upon which diverse communities of invertebrates,
fungi, and bacteria depend (Gnaspini and Trajano,
2000; Culver and White, 2005; Culver and Pipan,
2009; Kunz et al., 2011). On the other hand, bats
provide essential ecosystem services such as 
controlling insect populations that can otherwise 

become pests, pollinating a wide variety of plant
species, and dispersing seeds that contribute to the
regeneration of forests (Galindo-González, 1998;
Williams-Guillén et al., 2008; Lobova et al., 2009;
Kunz et al., 2011; Kasso and Balakrishnan, 2013).

For many bat species, caves represent key ele-
ments of their habitats by providing several benefits
for their survival, such as protection against preda-
tors and adverse weather conditions, a suitable and
stable microclimate for the maintenance of adults
and devel op ment and rearing of pups, as well as
large spaces which allow the establishment of big
colonies. They are thus ideal roosts for breeding and
resting (Kunz, 1982; Tut tle and Stevenson, 1982;
Hill and Smith, 1984; Altringham, 2011). However,
not all caves have the space and microclimatic con-
ditions required by each species, and those that ful-
fill these requirements are not always located near
feeding areas, so that only a proportion of all caves
are suitable and used as diurnal roosts (Tuttle and
Steven son, 1981; Baudinette et al., 1994; Borda et
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The disturbance and loss of diurnal roosts is one of the major causes of decline in cave-dwelling bat populations, thus the
identification and protection of these sites is essential to the implementation of effective conservation plans. We conducted a search
for information on caves, mines, tunnels, and culverts used as roosts by bats in Mexico, in order to create an inventory and 
a database, as well as a list of priority sites for their protection. In total, 970 underground roosts have been reported: 73.7% are caves,
16.6% are mines, 5.2% are culverts, and 4.5% are tunnels. The roost sites are more commonly located in tropical deciduous forests
(24%) and secondary vegetation modified by farming (18.5%). In 92% of underground roosts, the surrounding vegetation has been
altered for several causes. Regarding internal disturbance, 46.6% of the 176 roost sites analyzed present little to no disturbance,
43.7% have moderate levels of disturbance, and 9.7% are highly disturbed. The use of underground roosts was documented 
for 88 bat species included in 44 genera and seven families. Of these, six species are endemic to Mexico and according to the IUCN
Red List, three are listed as Near Threatened, three as Vulnerable and two as Endangered. Based on species richness and bat
abundance, we considered 53 sites as having the highest priority for conservation of cave-dwelling bats in Mexico, and based on 
a Complementarity Analysis we identified 167 roosts that must be protected to maintain a greater diversity of bats in the country. 
It is urgent to implement actions to regulate visits to roosts in order to prevent structural and microenvironmental deterioration, in
addition to preserving the foraging areas around roosts, so that conservation of cave-dwelling bats will be more effective at both 
a local and regional level.

Key words: underground roosts, cave-dwelling bats, inventory, disturbance, conservation, México
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