
INTRODUCTION

Over the past three decades, improved tech-
niques for distinguishing cryptic species and 
a renewed effort to survey bats across the Afri-
can continent has led to an acceleration in the de-
scription of new bat species (Taylor et al., 2018,
2019). Between 1988 and 2008, 13 new chiropteran
species were described from mainland Africa
(Hoffmann et al., 2009) and in the nine years 
since this paper, a further 23 species have been de-
scribed (Taylor et al., 2018 and references therein).
Species delimitation has been improved by the 
development of ‘integrative taxonomy,’ which em-
ploys several, complementary disciplines to re-
solve species identity (Schlick-Steiner et al., 2010).

It relies on a multifaceted approach, for example,
combining traditional morphological analyses with
molecular data and acoust ic calls (Taylor et al.,
2012).

Another reason for the accelerated rate of 
spe cies descriptions in Africa is renewed interest in
surveying poorly known locations, such as in the
Con ser vation International’s Rapid Assessment
Program (Hoke et al., 2007), as well as for envi-
ronmental impact assessments for large develop-
ments, including mining and hydroelectric schemes.
For example, a diverse pipistrelloid (Vespertilio -
nidae) community at Mount Nimba in Liberia, West
Africa, was uncovered associated with environmen-
tal impact assessment surveys, including the identi-
fication of three hitherto undescribed new species
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The phylogenetic relationships and species limits within the chiropteran family Miniopteridae are poorly known in mainland Africa.
Recent systematic studies in Madagascar have shown that this is a species-rich family, yet only eight species are currently recognized
or hypothesized for continental Africa. Based on partial cytochrome b sequences and morphometric analysis, we describe a new
species of Miniopterus that is endemic to a restricted, montane region of Liberia and Guinea. Furthermore, the taxonomic status of
the West African Miniopterus schreibersii villiersi is resolved and shown to be a distinct species, M. villiersi, that is not closely
related to M. schreibersii. Finally, the species M. inflatus is revealed to be paraphyletic, with the central African rainforest
populations apparently not closely related to the savanna forms in eastern and southern Africa. Based on the results of this study, the
number of Miniopterus species in Africa has increased from eight to 11, with more cryptic species likely to be discovered.

Key words: geometric morphometrics, cryptic species, West Africa, cytochrome b, taxonomy, Miniopteridae



INTRODUCTION

The sheath-tailed bats, Emballonuridae, consist
of two subfamilies, the Taphozoinae, and the
Emballonurinae. With exception of the South
American Diclidurini, which represent one of the
two tribes of Emballonurinae, all other emballonurid
species are restricted to the (sub)tropical regions of
the Old World. There are two genera of the Tapho -
zoinae, Taphozous (13 species) and Sacco laimus
(five species), which show a wide distribution 
from Africa to Southeast Asia and Australia. This
contrasts with the limited distributional range of 
emballonurine taxa. Remarkably, recent phyloge-
netic studies rendered the former genus Embal-
lo nura as a paraphyletic clade, resulting in the 
description of a new genus Paremballonura and in 
a restriction of the genus Emballonura with eight 
remaining species to the Indo-Pacific region
(Goodman et al., 2012; Ruedi et al., 2012). With 

exception of the monospecific genus Mosia from
New Guinea and adjacent islands, all other Emballo -
nurini genera, i.e. Coleura and Paremballonu ra, are
found in Africa, Madagascar, and Seychelles (Ruedi
et al., 2012).

In contrast to several recent molecular studies
that shed light onto the phylogeny of Emballo -
nuridae (Lim et al., 2008; Goodman et al., 
2012; Ruedi et al., 2012), chromosomal studies, 
especially those applying modern techniques, are
scarce in this family. Taphozous melanopogon is 
the only species for which chromosomal homolo-
gies were determined using human painting probes
(Mao et al., 2008). As it is the case for most chi-
ropteran taxa, conservation of chromosomal arms
was detected also in T. melanopogon. For the genus
Emballonura, however, not even G-banded kary-
otypes have been reported up to now.

In the present study, we provide compara-
tive chromo some homology maps for Taphozous,
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We present a comparative molecular cytogenetic investigation of six emballonurid species using chromosome banding and cross-
species chromosome painting with probes from Myotis myotis, supplemented by selected probes from human, tree shrew, and lemur.
The main differences between the 2n = 42 Taphozous karyotype and the 2n = 44 chromosomal complement of Saccolaimus can be
explained by one Robertsonian fusion, one type-b, and one type-c whole arm reciprocal translocation. The 2n = 24 karyotype of
Emballonura is highly derived by splitting of 11 of the 25 chiropteran evolutionarily conserved units resulting in a total number of
36 segments. In contrast to the presence of several autapomorphies in the karyotypes of studied species from both subfamilies, no
cytogenetic synapomorphy uniting Taphozoinae and Emballonurinae was found.
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INTRODUCTION

The Old-World family Nycteridae or slit-faced
bats comprises only one genus, Nycteris, with cur-
rently 17 recognized species (Simmons, 2005; Krus -
kop et al., 2016). With the exception of two species
occurring in Southeast Asia, all other taxa are found
in Africa. In addition to the peculiar structure of the
noseleaf, Nycteris is characterized by a Y-shaped
last caudal vertebra (Van Cakenberghe and De Vree,
1985). The placement of this family within the chi-
ropteran phylogeny has been changed dramatically
since the introduction of molecular techniques.
Formerly, based on morphological features alone,
Microchiroptera were divided into two infraorders.
All taxa with moveable premaxillae in relation to the
maxillaries were assigned to Yinochiroptera, while
those with immobile premaxillae were classified
with Yangochiroptera (Koopman, 1985). In this tra-
ditional classification, Emballonuridae and Nycter i -
dae were members of Yinochiroptera. In recent mo-
lecular phylogenies, however, Nycteris was shown

to be related to families constituting Yangochiro -
ptera sensu Koopman (1985). Modern Yangochiro -
ptera (sensu Springer et al., 2001; Teeling et al.,
2002) therefore comprise two additional families,
Nycteridae and Emballonuridae. For improved clar-
ity, this infraorder was termed Vespertilioniformes
by Hutcheon and Kirsch (2004). The relationship of
Nycteridae was first shown by a 15-bp deletion in
BRCA1 and a 7-bp deletion in PLCB4, common to
all yangochiropteran taxa studied (Teeling et al.,
2002, 2005). Subsequently, the new classification
was substantiated by several molecular studies 
(Eick et al., 2005; Miller-Butterworth et al., 2007;
Meredith et al., 2011; Shi and Rabosky, 2015;
Amador et al., 2018) and also confirmed by a cyto-
genetic character, namely the segment order in the
MMY2 homolog (Volleth et al., 2011).

Here, we present for the first time G-banded
karyotypes and homology maps based on fluores-
cence in-situ hybridization (FISH) with Myotis
whole chromosome painting probes for two Nycte-
ris species. Further, comparison of Nycteris and
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Two species of the monogeneric family Nycteridae were studied for the first time with chromosome banding techniques and
chromosome painting. The diploid chromosome number of Nycteris macrotis and N. tragata is 40 and 38, respectively. Both
karyotypes differ by a translocation, a telomeric fusion and a pericentric inversion. The genus Nycteris shows a highly derived
karyotype where the 25 chiropteran evolutionarily conserved units (ECUs) are represented in 37 segments. Chromosome painting
with Myotis probes revealed three common features of Nycteris and Emballonura, which are not present in Taphozous. From 
a cytogenetic point of view, Nycteris is therefore closer related to Emballonura than to Taphozous. Further, an additional
synapomorphy for Vespertilioniformes is described, i.e. the synteny of a segment homologous to human chromosome 13 and
ECU12a-22a in elements homologous to Myotis chromosome MMY6.

Key words: karyotypic evolution, FISH, phylogeny



INTRODUCTION

Mating and social systems probably play a fun-
damental role on evolution, as they determine ge-
netic heritage and influence population growth
(Vellend and Geber, 2005; Stropp et al., 2009;
Schuttler et al., 2014). Therefore, demographic
changes throughout generations, at temporal and
spatial scales, are reflected in population diversity
and genetic patterns (Keyghobadi, 2007; Rossiter et
al., 2012; Youngentob et al., 2012). 

Bats are among the most diverse and broadly dis-
tributed groups of mammals worldwide (Simmons,
2005; Mandelik et al., 2012). They have different
breeding systems, roosting ecologies, and social
structure; their populations are shaped by their 
distribution area and vagility, as well as by the 

composition of the landscape and food availability
(Vázquez-Domínguez et al., 2013). Polygyny pre-
vails under limited resources, with philopatric fe-
males forming groups defended by males that have
greater dispersal capabilities (Ortega and Arita,
1999; Rossiter et al., 2012; Vázquez-Domínguez et
al., 2013). Conversely, when females do not form
groups, mating is monogamous, and both sexes
show high dispersal to avoid competition (Dobson
and Jones, 1985; Dobson et al., 2004). The different
mating systems of bats make them an interesting
group to investigate the relationships of mating sys-
tems and social structure with the genetic diversity
pattern. Previous studies have indicated that the 
genetic structure of a bat population results from 
either ecological (social structure) or historical
processes (e.g., expansion, bottlenecks, isolation in
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Phyllostomid bats display a variety of social structures and mating systems; the influence of these features on the distribution of
genetic diversity within and between bat populations is currently unknown. Based on the mitochondrial DNA D-loop region, we
investigated the relationship between genetic structure and social characteristics in four species of phyllostomid bats (Sturnira
hondurensis, Artibeus jamaicensis, Carollia sowelli, and Dermanura tolteca) inhabiting Selva El Ocote Biosphere Reserve
(REBISO). According to their ecological characteristics, we expected a relatively high genetic diversity and stable populations, as
well as a weak genetic structure in S. hondurensis and C. sowelli, and a moderate one in A. jamaicensis and D. tolteca. The
demographic history and mismatch distribution were inferred. Besides, we estimated the time elapsed from demographic change 
(in number of generations). Finally, we calculated standard genetic diversity indicators and determined the genetic structure,
haplotype networks, and conducted spatial autocorrelation analyses. Genetic diversity was higher in S. hondurensis, intermediate in
C. sowelli, and low in A. jamaicensis and D. tolteca. The neutrality tests indicated population expansion in A. jamaicensis, 
C. sowelli, and D. tolteca; S. hondurensis showed differentiation between populations with no apparent demographic changes. 
The extent of genetic differentiation was high in S. hondurensis, intermediate in C. sowelli, weak in A. jamaicensis, and nil in 
D. tolteca. The spatial autocorrelation revealed genetic structure at certain geographic distances in A. jamaicensis, C. sowelli, and 
S. hondurensis, while D. tolteca displayed a low structure at the greatest geographic distances. No clear relationship was evident
between ecological attributes and genetic structure in the bat species studied, probably due to the slight differences in the ecological
characteristics of these species. Further studies should include ecological factors such as resource availability and habitat selection,
as well as nuclear markers, to obtain a biparental genetic estimation. This study highlights the need of conduct further research about
the relationship of ecological and genetic traits of tropical bats in high-biodiversity reserves.
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INTRODUCTION

The Caribbean Islands witnessed the largest pro-
portion of mammal extinction in the world since the
Late Pleistocene (MacPhee and Flemming, 1999).
These extinctions not only completely recast the ter-
restrial mammal biota (Morgan and Woods, 1986;
Davalos and Turvey, 2012) but equally reshaped the
flying mammal fauna, although to a lesser extent
(Morgan, 2001; Soto-Centeno and Steadman, 2015;
Valente et al., 2017). However, explaining the fac-
tors underlying these events remains difficult, par-
ticularly as they likely result from a combination of
several extinction phases that are still difficult to 
untangle due to the limited number of well-dated 
extirpation events (Cooke et al., 2017). In addition, 
regional extinction data are highly variable, with 
entire areas lacking fossil data (Olson, 1978, 1982).
Among these is the Lesser Antilles, whose fossil
Chiroptera record is currently both poorly and un-
evenly documented (Morgan, 2001).

Only four islands of the Lesser Antilles have pro-
duced fossil Chiroptera specimens, resulting in an

unequal number of identified fossil species, ranging
from two and four examples on Anguilla and
Barbuda to eight and eleven on Antiqua and Marie-
Galante, respectively (Pregill et al., 1994; Orihuela
and Tejedor, 2016; Stoetzel et al., 2016). Moreover,
specimens of extinct or extirpated species come
uniquely from fossil-bearing cave deposits, suggest-
ing a two-fold bias in the available documentation:
an over-representation of bat fauna from limestone
islands compared with volcanic islands devoid of
fossil-bearing sites and a bias towards cave-dwell -
ing species (Pregill et al., 1994; Stoetzel et al.,
2016). Thus, several extant bat species are absent
from the Lesser Antillean fossil record, such as Epte -
 sicus fuscus, Myotis dominicensis, Sturnira angeli
and Chiroderma improvisum.

Among these species, the Guadeloupe big-eyed
bat C. improvisum Baker and Genoways, 1976 is 
a rare bat known uniquely from Guadeloupe, Mont -
serrat, Nevis and St Kitts (Jones and Baker, 1980;
Beck et al., 2016) that has only been captured ten
times in the last 50 years (Table 1). Here I report 
a subfossil specimen of C. improvisum recovered
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The present work reports the first Quaternary specimen of the Guadeloupe big-eyed bat Chiroderma improvisum represented by 
a left mandible fragment collected from a pre-Columbian midden on Marie-Galante in the Lesser Antilles. The subfossil material
was identified based on the description of the morphology of the mandible and lower molar of modern C. improvisum specimens
and a comparison with other previously described Chiroderma species. In addition to being the first documented occurrence of 
C. improvisum on Marie-Galante, it extends the known geographic distribution of this species further south and increases the number
of bat species extirpated from the island. A series of associated radiocarbon dates reliably places the last occurrence of this species
to between the 11th and 13th centuries, suggesting that some local bat extinctions occurred during the historical period. In addition,
a review of bat remains from archaeological contexts in the Eastern Caribbean allows to discuss the possible consumption of bats
by indigenous peoples, as well as to stress the potential limitations of the archaeological record for reconstructing past bat
communities in this region.
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INTRODUCTION

Mammals are very diverse in structure, mode of
movement, and habitat, and range in size from 
the largest blue whale (Balaenoptera musculus) to
the smallest Kitti’s hog-nosed bat (Craseonycteris
thonglongyai) when measured by head-body length
(Vaughan et al., 2013; Feldhamer et al., 2014). Bats
represent the order Chiroptera, which is the second
largest order of mammals (Altringham, 2011; Fen -
ton and Simmons, 2014). Bats have an evolutionary
history over 52 million years old (Altringham, 2011;
Fenton and Simmons, 2014), and there are more
than 1,400 living species (N. B. Simmons, in litt.)
formerly classified into two groups: Megachiroptera
(Old World fruit bats) and Microchiroptera (all other
species). However, these two groups are phyloge-
netically outdated. Recent molecular phylogenetic
works suggest that bats form two distinct clades:
Yinpterochiroptera and Yangochiroptera (Eick et al.,
2005; Teeling et al., 2005; Tsagkogeorga et al.,
2013; Shi and Ra bosky, 2015; Amador et al., 2018).
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Bats have evolved several unique morphological traits related to powered flight, such as wings, patagia, minute hindlimbs, large
pinna, and a larynx specialised for echolocation. Studies of embryonic development in bats provide important insights into the
mechanisms underlying the evolution of flight-related structures in vertebrates. Although embryonic development has been
described in some bats species, only one species of Old World fruit bats (family Pteropodidae) has previously had its embryonic
development examined. In this paper, we describe the embryonic development of the Egyptian fruit bat, Rousettus aegyptiacus,
ranging from middle pharyngula to just before birth. We compared the growth patterns during embryogenesis among nine bat species
for which data on embryonic development have been obtained. We discovered that i) the crown-rump length (CRL) is almost
equivalent among the bat species until stage 22, and ii) compared to other bat species examined, the growth rate rapidly and
substantially increases in two pteropodid species (R. aegyptiacus and R. amplexicaudatus) after stage 22. In placental mammals,
larger body size at birth is advantageous for postnatal survival. To obtain large adult body size, some pteropodid bats may accelerate
their postnatal growth and take advantage of larger body size at birth.

Key words: crown-rump length, embryogenesis, external morphology, growth rate, Old World fruit bat
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Bats acquired several unique morphological
traits necessary for their distinct lifestyle, including
wings for flight and sensory organs for echoloca-
tion. In order to understand the proximate factors
underlying the unique body plan evolution in bats,
studies of embryonic development, when the bases
of their unique morphological features are formed,
are elemental. In the last 15 years, many authors
have described the embryonic development of some
bat species (Cretekos et al., 2005; Tokita, 2006;
Hockman et al., 2009; Nolte et al., 2009; Wang et
al., 2010; Paksuz et al., 2017; Rodríguez et al.,
2018; Usui and Tokita, 2019). However, only one
paper reported the embryonic development of a spe -
cies belonging to the family Pteropodidae, (Giannini
et al., 2006). In this study, we describe the embry-
onic development of the Egyptian fruit bat, Rou set -
tus aegyptiacus (Pteropodidae), and apply an em-
bryonic staging system of Cretekos et al. (2005) 
to provide new information about how Old World
fruit bats develop and how this development differs
from other bats.



INTRODUCTION

There is a growing body of evidence that bats are
affected by the construction and operation of roads
(Altringham and Kerth, 2016). Effects include
deaths due to collisions between vehicles and bats
(Lesiński et al., 2010; Iković et al., 2014); loss of
habitat available for bats to roost within, forage and
commute along (Altringham and Kerth, 2016); frag-
mentation of populations (because roads act as bar-
riers — Bennett et al., 2013); and increased distur-
bance by noise (West, 2016) and light (Stone et 
al., 2009; Smith et al., 2017). In some cases these 
effects appear to be species-specific (Kitzes and
Meren lender, 2014) and habitat-specific (Pourshou -
shtari et al., 2018). However, there has been little in-
vestigation into whether these impacts vary with
traffic volume. We used Chalinolobus tuberculatus,
(the New Zealand long-tailed bat) a vespertilionid,
as a model species to investigate the effects of
overnight traffic volume on bats.

Chalinolobus tuberculatus is an edge-adapted
species (O’Donnell, 2000; O’Donnell et al., 2006;
Borkin and Parsons, 2009) considered to be vulner-
able to extinction; classified as Threatened-Nation -
ally Critical by the Department of Conservation
(New Zealand Government) and the International
Union for Conservation of Nature (O’Donnell,
2008; O’Donnell et al., 2018). These bats are 
central-place foragers, and as such their distribu-
tion is limited by the need to return to a roost each
day (Daniel and Williams, 1984; Sedgeley and
O’Donnell, 1999, 2004; Borkin and Parsons, 2011a,
2011b). In the past, they have been thought to be 
relatively resilient to landscape changes because of
their presence in a diverse range of habitats, includ-
ing indigenous forest, exotic plantation forests
(Borkin and Parsons, 2010), agricultural areas
(Sedgeley and O’Donnell, 2004), and on the edges
of urban areas (Dekrout et al., 2014). However,
there is now concern about the veracity of this 
assumption, with long-tailed bats recorded at lower
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Despite a growing body of evidence worldwide that bats are affected by roads, there has been little research into the effects of traffic
volume on bat activity. In New Zealand, there is considerable uncertainty over whether, or to what extent, roads affect New
Zealand’s endemic bat populations, and this has resulted in uncertainty during the planning and consent phases of road development
projects. This research investigated whether Chalinolobus tuberculatus (long-tailed bat) activity correlates with night-time traffic
volume on New Zealand’s highways. Bat activity was monitored at 57 traffic monitoring sites throughout New Zealand using pairs
of bat detectors, with one placed beside the highway (highway) and one placed ≥ 200 metres from the highway (distant). Generalised
linear mixed effects models were used to investigate the relationship between bat detections, position in relation to the highway, and
various measures of traffic volume. The model that best explained the variation in bat detections was the interaction effect between
bat detector position (highway, distant) and night-time traffic volume (volume). Outputs from this model show a negative
relationship between bat activity and night-time traffic volume for highway bat detector units, while distant bat detector units had
no discernible relationship with night-time traffic volume. These results indicate that night-time traffic volume affects the use of
roads by bats, i.e. when overnight traffic increased, the probability of detecting bats decreased. Whether or to what extent this will
affect the long-term viability of New Zealand’s C. tuberculatus populations is a high priority for further investigation.

Key words: acoustic monitoring, detection rates, Chalinolobus tuberculatus, long-tailed bat, traffic volume, roads



INTRODUCTION

Over the past several decades, the interdiscipli-
nary study of animals in the troposphere, the field of
aeroecology, has gained significant momentum
(Kunz et al., 2008; Chilson et al., 2017). Several
studies have demonstrated that the lower tropo-
sphere is an important habitat for many animals
(Diehl, 2013; Dokter et al., 2013; Liechti et al.,
2013; Chapman et al., 2015; Hedenström et al.,
2016; Dreelin et al., 2018). These studies have also
highlighted some characteristics for trophic interac-
tions in the troposphere. First, the troposphere lacks
primary productivity and thus, all nutrients in the
troposphere are allochthonous. The most dominant
food source in the troposphere are myriads of dis-
persing and migrating insects that move passively 
or actively through the air (Reynolds et al., 2009;
Wood et al., 2010; Chapman et al., 2015). Aerial 
insectivores are the dominant consumers of this 

resource in the troposphere (Frick et al., 2013,
2017). Second, all organisms that use the tropo-
sphere return to the terrestrial landscape at some
point in their life; particularly vertebrates capable of
flapping flight return to the earth on a regular scale
for resting; yet some only for reproduction (Liechti
et al., 2013; Hedenström et al., 2016). Lastly, ambi-
ent conditions in the troposphere contrast drastically
with those of terrestrial or marine ecosystems and,
thus, require specific adaptations of animals when
using high altitudes. For example, animals must
conform to low oxygen partial pressures, low air
density and strong and sometimes turbulent winds.
Turbulent air movements and jet winds may largely
affect the distribution of airborne insects in the tro-
posphere, which might complicate the search and
successful hunt for insects that are patchily distrib-
uted and very ephemeral. In summary, owing to the
trophic connectivity between the troposphere and
the terrestrial habitats, the specific air movements
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Skyrocketing flights as a previously unrecognized behaviour of open-space 

foraging bats
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The airspace of the lower troposphere is an important habitat for many animals, including open-space foraging bats. Yet, we are
missing a detailed understanding of how bats forage in the seemingly unstructured open space. As part of an exploratory study, we
present data on flight activity for Taphozous theobaldi (Dobson 1872), an aerial insectivore known to hunt in the open space close
to mountain ridges in central Thailand. Using logger data from five individuals, covering a total period of 26 observation days, we
show that T. theobaldi remained airborne for 4.8 ± 3.1 h per night (mean ± SD). We confirmed that T. theobaldi performed altitudinal
flights with quick ascents, short horizontal flights followed by descents. Each night, T. theobaldi engaged on average in 2.9 ± 1.4
altitudinal flights during which they reached an average peak altitude of 306 ± 53 m above cave elevation. On average, bats spent
about 14% of the total foraging time in altitudinal flights. We conclude that T. theobaldi is a regular, but most likely not an obligatory
exploiter of high altitudes. We speculate that T. theobaldi may ascend to higher altitudes in search for insects, for example migrating
or dispersing insects at higher air layers or swarms of hill-topping insects. Short altitudinal flights with fast ascents and descents 
(a slender bell-shaped flight trajectory over several 100 m altitude) may present a so far unrecognized flight behaviour of bats that
may be more widespread among other aerial insectivores.

Key words: movement ecology, aeroecology, thermal winds, troposphere, aerosphere



INTRODUCTION

To tackle global climate change, developments
of wind farms on land and at sea are ever increasing.
Negative impacts of wind farms on land on bats, 
a taxon in global decline, have been described in
multiple studies (e.g., Rydell et al., 2010; Voigt et
al., 2012; Baerwald and Barclay, 2014; Lehnert et
al., 2014; Rodrigues et al., 2015). Increased mortal-
ity of bats is caused by collisions with turbines and
barotrauma (Baerwald et al., 2008; Grodsky et al.,
2011; Rollins et al., 2012). Given the known impact
of wind turbines on land, offshore wind farms could
also cause problems for bats (Skiba, 2007; Rydell et
al., 2014). Local and migrating bats can be affected
when wind turbines are built in coastal and
nearshore areas. However, most offshore wind
farms are located further offshore and are conse-
quently out of the foraging range of local bats, but

migratory bats still remain at risk. Bats undertake
seasonal migration from summer roosts to winter-
ing areas. Several species e.g., Pipistrellus nathusii
(Nathusius’ pipistrelle), Nyctalus noctula (common
noctule), Vespertilio murinus (parti-coloured bat)
and Nyctalus leisleri (Leisler’s bat) migrate long
distances of up to 2000 km (Hutterer et al., 2005;
Krapp and Niethammer, 2011; Arthur and Lemaire,
2015). Pipistrellus nathusii is known to migrate
from Scandi navia and central Europe to western
Europe, and vice versa (Kurvits et al., 2011).

During migration, bats can cross large areas of
open sea (Ahlén et al., 2009; Rodrigues et al.,
2015). In the Southern North Sea, sightings of bats
have been reported regularly on ships and oil rigs
(e.g., Skiba, 2003, 2007; Walter et al., 2007; Bosh a -
mer and Bekker, 2008; Lagerveld et al., 2014;
Brabant et al., 2016). In 2013, a P. nathusii individ-
ual that had been banded in the UK, was found in 
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Activity and behaviour of Nathusius’ pipistrelle Pipistrellus nathusii at low and 

high altitude in a North Sea offshore wind farm
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Several bat species are known to migrate long distances between summer and winter roosts. During migration, many bats even cross
the North Sea. The developments of offshore wind farms in the North Sea could therefore pose a collision risk for migrating bats.
While bats have been observed inside offshore wind farms, their activity at turbine rotor height yet remains unknown. We therefore
installed acoustic bat detectors at wind turbines in the Belgian part of the North Sea. Seven detectors were installed on the service
platform of the transition piece (16 m above mean sea level) and four were installed on the nacelle of the turbines, in the centre of
the rotor swept area (93 m above mean sea level). A total of 151 recordings of call sequences of Pipistrellus nathusii (Nathusius’
pipistrelle) were made during 20 nights over an entire autumn migration season (8 August – 30 November 2017). 45 recordings
contained more than 10 calls. These were further investigated for behavioural clues. We identified 32 recordings of animals in transit
and 10 sequences of animals passing by while simultaneously exploring. Only three detections contained feeding buzzes and/or
intense exploratory behaviour. The number of recordings at 93 m were around 10% of the number of recordings made at 16 m. This
indicates that the activity of P. nathusii at our study site, measured at that particular altitude is low. Our observations therefore
suggest that the collision risk might be lower than what could be expected from low altitude observations. However, a low number
of recordings at nacelle height does not necessarily mean that only a low number of bats will collide with the turbines. The activity
in the outer parts of the rotor swept zone, outside the detection range of our acoustic detectors, remains unknown and should be
further investigated.

Key words: bats, bat activity, Nathusius’ pipistrelle, Pipistrellus nathusii, offshore wind turbines, nacelle height, collision risk



INTRODUCTION

Despite being considered to be environmentally
sustainable, wind energy production worldwide has
undesired side-effects such as increased mortality of
bats. At present, the number of bats killed at wind
farms in Europe and North America amounts to sev-
eral hundred thousand annually (Hayes, 2013;
Lehnert et al., 2014; Zimmerling and Francis, 2016).
Bats have low reproductive potential and limited 
capacity to compensate for increased mortality (Bar -
clay and Harder, 2003) and, therefore, the loss of
bats is a major environmental issue, the importance
of which has been recognized for more than a de -
cade (Kunz et al., 2007; Arnett et al., 2008). It is
also becoming clear that the loss is not limited to the
bats but also includes a host of valuable ecosystem
services provided by them (Kunz et al., 2011; Puig-
Montserrat et al., 2015; Wiederholt et al., 2015;
Russo et al., 2018; Umadi et al., 2019).

With 23,026 MW generated (2016), Spain is pre-
ceded only by Germany as the country with the
great est installed wind-power capacity in Europe
and by China and United States in the world 
(http:/www.aeeolica.org/en/about-wind-energy/

wind-energy-in-spain/). However, mortality of bats
in Spanish wind farms have received relatively little
attention, since most carcass searching efforts rather
have focused on the impact on birds (Barrios and
Rodríguez, 2004; de Lucas et al., 2004; Farfán et al.,
2009; Tellería, 2009). Studies of bat fatalities at
wind farms in Spain refer to mountainous localities
in the northern and central parts of the country and
have been restricted to recording the species of bats
affected and the numbers and timing of the fatalities
(Alcalde and Sáenz, 2004; Camina, 2012).

The most common victims at wind farms in
Europe are species belonging to Pipistrellus and
Nyctalus spp. (Rydell et al., 2010). The timing of the
fatalities spans mostly late summer and early au-
tumn and fatalities are sometimes associated with
high elevations and mountain ridges (Amorim et al.,
2012; Georgiakakis et al., 2012). In contrast to the
situation in North America (Arnett et al., 2008),
European fatalities are not always dominated by mi-
gratory species, at least in the south, where seden-
tary species such as the complex Pipistrellus pipi -
strellus/pygmaeus and Nyctalus spp. are also found
dead frequently (Amorim et al., 2012; Georgiakakis
et al., 2012).
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Bat fatalities at wind-farms in the lowland Mediterranean of southern Spain
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Wind energy is an important source of bat mortality worldwide. Extensive mortality data were gathered by a provincial surveillance
program carried out at wind farms in lowland Mediterranean areas of the province of Cadiz, Andalusia (South Spain) between 2005
and 2016. As many as 2,371 bat fatalities were found. We determined the patterns of fatality in this sample and tested the quality of
the surveillance program used. The data generally support previous observations regarding the seasonal timing, the species affected
and the sex and age of fatalities. However, contrary to studies made at higher latitudes, fatalities mostly (95%) affected sedentary
species and occurred on wind farms in flat landscape used for farming and livestock rearing. The current operational surveillance
programme did not focus on bats initially, and, consequently, we urge that an improvement should consider a standardized search
methodology including bats, verification of species identity, precise data collection, and mandatory and regular scavenger-removal
and search-efficiency trials, in order to obtain correctly adjusted fatality estimates that can be used for efficient mitigation or
compensatory measures.

Key words: Andalusia, bat conservation, bat migration, Cadiz, mortality, Nyctalus lasiopterus, wind energy



INTRODUCTION

Bats are considered to be important environmen-
tal indicators because they are sensitive to a wide
range of environmental stresses to which they re-
spond in predicted ways (Jones et al., 2009). There
is a wealth of literature detailing physiological, 
reproductive, migratory and other responses by 
bat spe cies to weather (e.g., O’Farrell et al., 1967;
Ransome, 1990; Ransome and McOwat, 1994;
Fleming and Eby, 2003; Speakman and Thomas,
2003). Bats have unique abilities among mammals
to alter gestational length depending on environ-
mental conditions and food supply; pregnant bats
that experience warm conditions and plentiful food
give birth earlier, while those that experience 
inclement weather become torpid and thus extend 
the duration of gestation (Racey, 1973; Racey and
Swift, 1981). Given this extreme dependence on 
external temperatures and food supply, the timing 

of reproductive cycles of temperate bats is likely 
to be significantly affected by climate change (Jones
et al., 2009). In the US, Adams (2010) noted that
maternity colonies in drought prone areas of Col -
orado were particularly reliant on small streams near
to the roost when lactating and had lower reproduc-
tive success in drier conditions that mimicked those
predicted with continued climate change. 

Many terrestrial species have shifted their geo-
graphic ranges, seasonal activities, migration pat-
terns, abundances and species interactions in re-
sponse to ongoing climate change (IPCC, 2014).
Temperate hibernating species regularly fly and feed
during winter, and are likely to adapt to warmer win-
ters by increasing activity further. Climate change
may also cause changes in the distribution of bats
both at local and global levels (Jones et al., 2009).
However, for most species there is little ecolog-
ical knowledge of what non-climate factors drive
population change and in this void there is a risk of

Acta Chiropterologica, 21(2): 359–373, 2019
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS

doi: 10.3161/15081109ACC2019.21.2.011

Elucidating the consequences of a warming climate for common bat species 

in north-western Europe
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Climate change presents a serious threat to global biodiversity. In the extreme north of Europe, for example, some boreal bat species
have been predicted to become extinct by the end of the century. We have used bat activity data derived from car-based surveys
across Ireland to examine the effects of weather and climate using an approach that teases apart their spatial and temporal effects.
This allows more accurate modelling of the impacts of weather than has heretofore been possible. Our results also support previous
work that suggests the standard approach for combining the spatio-temporal variation in weather covariates is unsound. We used the
results of this modelling exercise to forecast the effects of predicted climate change on three widespread Irish species for the years
2046–2059. Nyctalus leisleri, in its international stronghold, is predicted to undergo a decline in the north-west with increases likely
in the south-east. Pipistrellus pipistrellus is predicted to undergo similar changes to N. leisleri, with declines in the north. Pipistrellus
pygmaeus may increase in coastal locations. Predicted declines in the north of Ireland run somewhat contrary to expectations since
increased ambient temperature there may have been anticipated to favour bat population growth. This work is a promising step
towards disentangling the spatial and temporal impacts of weather and, from there, assessing the effects of climate change on bats
in Europe. Pipistrelle species, in particular, are likely to be north-western Europe’s most abundant consumers of aerial nocturnal
insects and future conservation plans must consider potential losses of these species from agricultural areas and how any resulting
reduction in ecosystem services can be mitigated.

Key words: spatio-temporal variability, weather, Chiroptera, climate change model, conservation, bat population



INTRODUCTION

The growing demand for food and raw materials
in the tropics has triggered that large areas of natural
vegetation be replaced by pastures and crop fields
(Lambin et al., 2003; Perfecto et al., 2003). Con ser -
vation efforts around the world have traditionally fo-
cused on ecosystems with well-conserved natural
vegetation because they tend to have a higher degree
of biodiversity than created environments and those
modified by human activities (Turner, 1996). How -
ever, increasingly, agroecosystems are recognized 
to contribute to the maintenance of biodiversity
(Scherr and MacNeely, 2008; Pywell et al., 2012),
and in the case of perennial agroecosystems, can
contribute to environmental sustainability and the
food security of the human populations (Leakey,
2014). Perennial agroecosystems, in addition to
being economically important (Rice and Greenberg,
2000; Harvey and González-Villalobos, 2007), can
host a high level of floristic diversity (Felton et al.,
2010) and maintain a significant number of the na-
tive plant species (Siebert, 2002), thus equalling

some of the environmental attributes of and services
provided by natural ecosystems such as structural
complexity, carbon capture, and nutrient and energy
flow (Ewel, 1999; Donald, 2004; Schroth and Mac -
Neely, 2011). For wildlife, these systems act as sites
for foraging, refuge and reproduction (Donald,
2004; Caudill and Rice, 2016), as corridors and
buffer zones surrounding natural vegetation (Uezu
et al., 2008), so they play a key role in the conserva-
tion of plant and animal populations (Perfecto et al.,
1996; Dagang and Nair, 2003; Faria et al., 2006).

With the exception of coffee and cocoa agroe-
cosystems in the context of biodiversity conserva-
tion, little attention has been paid to the importance
of agricultural production systems that have an arbo-
real component. One arboreal species that merits at-
tention for its high degree of productivity and the
popularity of its fruit is the mango (Mangifera indi -
ca). Worldwide, mango is one of the most extensive -
ly cultivated tropical crops, being grown in more
than 87 countries, with India as the biggest producer
and Mexico as the main exporter of this fruit
(Tharanathan et al., 2006; Siddiq et al., 2017; see
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Mango orchards and their importance in maintaining phyllostomid bat assemblages

in a heterogeneous landscape
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A large part of the natural vegetation in the tropics has been replaced by pastures and crop fields. To evaluate the value of mango
orchards in the conservation of phyllostomid bats in a fragmented, heterogeneous landscape in Veracruz, Mexico we compared
species richness, total abundance, dominance, evenness and abundance per feeding guild of bats in mango polycultures, mango
monocultures and in semi-deciduous seasonal forest. Using mist nets at ground level, we captured 882 phyllostomid bats belonging
to 17 species. Bat species richness was similar between the mango orchards and the forest, but the number of bats was significantly
higher in mango polycultures, followed by mango monocultures and the forest. The frugivore guild was the most numerous in the
mango orchards. Sanguivores were notably more numerous in the forest. Our results suggest that both types of mango orchards are
different from the forest, since they are characterized by differences in bat species composition and feeding guild. We conclude that
mango agroecosystems, when small in size and close to the forest, are important in the conservation of bats; it is there where bats
are abundant and maintain a level of species richness similar to that of the original vegetation.

Key words: agroecosystem, composition, diversity, Phyllostomidae, perennial crops, Mexico



INTRODUCTION

Some species of cave-dwelling bats form the
biggest aggregations of mammals in the world
(Betke et al., 2008). On islands of the Greater Antil -
les, certain mormoopid and phyllostomid species
form large colonies in cave roosts known as ‘hot
caves’ (Ladle et al., 2012). These are galleries or
chambers, generally with a relatively small entrance
and low air circulation, where the body heat from
tens or hundreds of thousands of bats generates high
internal temperature and relative humidity condi-
tions. The high degree of gregariousness could be
critical to maintain a suitable microclimate that 
allows the bats to minimize the energy and water ex-
penditure, and to enhance reproductive success and
predator avoidance (Rodríguez-Durán, 2009). 

However, the high gregariousness could also 
increase the inter- and intraspecific competition.

Although different mechanisms of resource parti-
tioning have been suggested to reduce the inter-
specific interactions in cave-dwelling bats, such as
temporal and spatial foraging patterns, diet, mor-
phology and echolocation behaviour, etc. (Rodrí -
guez-Durán and Lewis, 1987; Mancina et al., 2012;
Emrich et al., 2013), there are few studies assessing
the mechanisms in intraspecific partitioning of
Neotropical bats. Due to the similar biological and
habitat requirements, competition between males
and females of the same species would be large; 
particularly in gregarious bat species where both 
sexes occupy the same cave year-round and season-
al sexual migration does not occur. Moreover, dif-
ferences related to sexual dimorphism or energy 
requirements could also promote differences in 
their foraging ecology, reducing the intraspecific
competition (Barclay and Jabobs, 2011; Levin et al.,
2013).
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Phyllonycteris poeyi is endemic to Cuba and Hispaniola in the Greater Antilles, and it is among the most common and widespread
bats of the Cuban archipelago. This species is an obligate cave dweller and forms the largest aggregations of bats found in Cuban
caves; and could be considered a hot cave specialist. This high gregariousness could increase intraspecific competition of food
resources. In this study, we examined the diet of P. poeyi at Cueva de los Majáes located in Baconao Biosphere Reserve in the
southeastern region of Cuba. We hypothesized sexual diet variation as a way to reduce intraspecific competition. We estimated 
the percentage volume and frequency of occurrence of different food categories consumed by both sexes, using faecal analysis.
Throughout the year, the diet of P. poeyi is a combination of fruits, pollen and insects; fruits of at least 17 plant species and flowers
of five species are used by P. poeyi and the most frequent items were pollen of Roystonea regia and fruits of Piper aduncum and
Piper umbellata. Insects occurred in the faeces of both sexes and their frequency and volume were low and did not differ between
sexes. Although both sexes fed on similar food categories, we found significant variation in diet composition between sexes.
Throughout the year, the majority of females mainly consumed fruits while males had preference for floral resources. We did not
find differences in the sexes-reproductive season interaction, therefore the differences could not be attributed to changes associated
to reproduction energetics. The average volume of fruits and pollen consumed by females were independent of the reproductive
season, only significant differences were found in the consumption of insects, being the highest during the reproductive season. We
conclude that this dietary partitioning behaviour between sexes of P. poeyi may be a strategy to maintain a high year-round
gregariousness that could be critical to the viability of their large colonies in Cuban caves.

Key words: mate competition, dietary sex difference, dietary breadth, sexual behaviour, sexual segregation, resource partitioning



INTRODUCTION

Bats are characterized as having small body
sizes, high metabolic rates and extraordinary
longevity compared to other non-flying mammals
(Brown et al., 2009; Munshi-South and Wilkinson,
2010). The combination of these features do not 
support theories based on aging as a gradual accu-
mulation of oxidative stress damage. Resisting the
reactive oxygen species (ROS) formation through
enzy matic and non-enzymatic defenses might be
one of the physiological adaptations developed by
bats in order to overcome cell deterioration.

Although oxygen is essential for vital metabolic
processes as cellular respiration, it may induce
chronic stress in cells, resulting in an imbalance 
between ROS and antioxidant defenses. Especially
for species with high metabolic rates, the protection
systems play an important role in avoiding oxidative
damage to mitochondrial DNA, cellular structures
and cellular membranes (lipid peroxidation) caused

by excessive ROS production, allowing cells to
function in oxidizing environments (Droge, 2002;
Koury and Don angelo, 2003; Halliwell and White -
man, 2004). The enzymatic defense system includes
enzymes that prevent and/or control ROS formation,
such as superoxide dismutase (SOD), catalase
(CAT) and glutathione S-transferase (GST) (Barbo -
sa et al., 2010). The non-enzymatic defense consists
of a wide variety of antioxidant substances, such as
carotenoids, vitamins E and C and minerals, such as
zinc, copper, selenium and magnesium (Bianchi and
Antunes, 1999). Among the factors that modulate
the antioxidant capacity is feeding habit (Mayne,
2003) which is another interesting factor particu-
larly when investigating bats’ antioxidant capacity,
since they occupy the most varied food niches
among mammals (Reis et al., 2007).

The common vampire bat Desmodus rotundus
(E. Geoffroy, 1810) (average body mass = 33 g)
feeds on blood, a unique diet among mammals, rich
in protein and iron (Ito et al., 2016). The iron ion, 
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Among mammals, bats represent the most diverse order regarding feeding habits, with such variety of diets influencing the
antioxidant capacity of tissues. While frugivory provides an intake of natural antioxidants, such as carotenoids and vitamins, which
support non-enzymatic antioxidant defense, a blood meal, as consumed by vampire bats, is rich in protein and iron, which are
assumed to induce reactive oxygen species (ROS) accumulation. Nectar is another food item shared by a few bat species, and also
possesses the potential to generate ROS through glucose auto-oxidation. The aim of this study was to investigate differences in 
the antioxidant capacities of tissues (liver, muscles, heart and kidneys) in the adult male blood-feeding bat Desmodus rotundus
(n = 11), fruit-feeding bat Sturnira lilium (n = 8) and nectar-feeding bat Anoura caudifer (n = 6). Superoxide dismutase and catalase
activities were higher in the liver and muscles of blood-feeding and nectar-feeding bats, respectively. Superoxide dismutase was also
higher in the kidneys of blood-feeding bats when compared to frugivorous S. lilium. Glutathione S-transferase showed its highest
activity in the liver and muscles of frugivorous A. caudifer and in the kidneys of sanguivorous D. rotundus. Lipid peroxidation,
measured through malondialdehyde levels, was lower in the liver and heart of frugivorous bats and in the kidneys of nectarivorous
bats. The results showed that feeding habit influences the antioxidant capacity of tissues involved in metabolism, and all three 
bat species showed different adaptations to their diets. In general, even facing high oxygen consumption and dietary challenges, 
D. rotundus and A. caudifer showed a higher capacity to combat oxidative damage, which might contribute to their longevity
compared to similar sized mammals.

Key words: diet, frugivorous, hematophagous, nectarivorous, oxidative stress



INTRODUCTION

Bats are an incredibly diverse group of mammals
with the ability to fly. There are over 1,300 species
worldwide, dispersed throughout every continent
except for Antarctica (Fenton and Simmons, 2014).
The European free-tailed bat (Tadarida teniotis) is
one of the insectivorous species found in Portugal,
with its distribution in the western Palaearctic
mainly associated with the Mediterranean (Graham,
2001). Bats are an essential part of an ecosystem’s
health and economics through plant pollination and
controlling populations of insects that constitute
vectors of numerous pathogens (Kunz et al., 2011;
Mühldorfer, 2013). Although classified as a least

concern species in the Red Book of Vertebrates of
Portugal (Cabral et al., 2005), T. teniotis has been
the target of many threats, namely the loss of roosts
from human infrastructures construction, the use of
pesticides, wind farms and deforestation (Benda and
Piraccini, 2016).

Bats inhabit urban and rural habitats (Altring -
ham, 1998). Their predatory habits (flying long dis-
tances to feed), intra and inter-roost movements and
long-distance migrations (Altringham, 1998) could
be responsible for the acquisition of these microor-
ganisms due to their exposure to human food re-
mains or faecal material (Aarestrup et al., 2008) and
their spread throughout the environment. For these
same reasons, bats can get these bacteria from their
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In the last decades, the increase of antimicrobial resistance bacteria has become a concern of public health, already affecting
unintentional hosts as isolated wild populations. In the present study, we evaluated the incidence of antimicrobial resistance,
molecular mechanisms of resistance and virulence genes among 42 strains of Escherichia coli isolated from faecal samples from
wild colonies of European free-tailed bats (Tadarida teniotis) in Portugal. High antimicrobial resistance rates for ampicillin (57.14%)
and streptomycin (52.38%) were observed. Genes encoding resistance to antimicrobial agents were detected in most of the resistant
isolates. The E. coli isolates were ascribed to phylogroups A (44.24%), B1 (16.67%), B2 (2.38%) and D (35.71%). The virulence
gene fimA (alone or in association) was detected in 21 samples. This study shows the presence of antimicrobial resistance in
commensal bacteria from wild European free-tailed bats populations. Future studies are necessary in order to investigate the main
source of contamination (through the environment or the food chain) and identify how they can be contributing to the spread of those
bacteria throughout the environment.

Key words: antimicrobial resistance, Tadarida teniotis, Escherichia coli, one health



INTRODUCTION

Bats use a great variety of diurnal roosts such as
mines, tunnels, foliage leaves, tree hollows, rock
crevices and caves (Kunz, 1982). Caves are one of
the most common day roosts and permanent shelters
used by bats because they maintain more stable cli-
matic conditions and offer protection against preda-
tors during the day (Ávila-Flores and Medellín,
2004; Furey and Racey, 2016). Moreover, caves are
roosts used for some vital activities such as repro-
duction, offspring care and social interactions
(Altring ham, 2011; Furey and Racey, 2016). Caves
exhibit microclimate stability in temperature and
humidity across the day and seasons. Stable micro-
climatic conditions are important factors of roost 
selection by bats (Rodríguez-Durán and Soto-
Centeno, 2003).

Underground roosts can be essential for bat sur-
vival at a global level (Mickleburgh et al., 2002). In
the Tropics, high levels of cave occupancy by bats
has been reported (Arita, 1993; Rodríguez-Durán,

2009; Furey et al., 2010; Luo et al., 2013). This 
situation prevails in Brazil, which has both high bat
species richness (182 species so far — Nogueira 
et al., 2018) and high cave potential (estimated 
at > 310,000 — Piló and Auler, 2011), stressing
the large potential for research on cave-dwelling
bats in the country. The distribution of caves is 
spatially heterogeneous in Brazil (Jansen et al.,
2012; CECAV, 2018), with some regions having
more than others. For instance, at least 72 spe-
cies of bats use caves in Brazil (Oliveira et al., 
2018) and cave protection had been identified as 
a prior ity for bat conservation in Brazil (Bernard 
et al., 2012).

The Caatinga drylands of northeastern Brazil is
largely karst habitat with many caves (Jansen et al.,
2012; CECAV, 2018). Furthermore, so far, most of
the known bat caves in Brazil are located in the
Caatinga drylands. Bat caves are roosts harboring
exceptional bat populations, frequently surpass-
ing 100,000 individuals (e.g., Ladle et al., 2012).
Although known and studied in other countries 
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Caves are very important roosts for bats. Neotropical countries, like Brazil, harbor both high bat species richness and abundance of
underground cavities. The Caatinga drylands in northeastern Brazil are a good example with potentially 100 bat species and a high
number of caves. Among those caves, some harbor exceptionally large bat populations, but, even thus, they still remain poorly
known and studied. Here we present a 48-months monitoring based on a non-invasive thermal detection system to estimate the
abundance changes of a large colony in a bat cave in the Caatinga drylands of Brazil. That cave harbors ten bat species — two
nationally endangered — and 70% of them are main cave users. We found a marked inter-month fluctuation in the total bat
abundance, with no consistent pattern. Total bat abundance was neither related to precipitation nor to the reproductive seasonality.
During certain moments, the bat population can reach up to 120,000 individuals, making this cave a priority site for bat conservation
in Brazil.

Key words: bat abundance, cave-dwelling bats, Caatinga, cave conservation



INTRODUCTION

Bats have the second highest mammalian species
richness globally (Simmons, 2005; Fenton and
Simmons, 2014; Díaz et al., 2016) and account for
about half of the mammal species diversity in tropi-
cal forests (Handley, 1966; Simmons and Voss,
1998; Estrada and Coates-Estrada, 2001; Aguirre,
2002). With more than 1,400 species (Burgin et al.,
2018; Solari et al., 2019), bats are a relevant group
of mammals for assessing species distribution, 
diversity, and abundance patterns (Findley, 1993;
Stevens and Willig, 2000; Kunz and Fenton, 2003;

Patterson et al., 2003). In addition to high species
diversity, bats deserve special attention because they
occupy a variety of trophic niches and perform sev-
eral functions in nature, acting as pollinators (nec-
tarivores), seed dispersers (frugivores) and pest con-
trollers (insectivores) (Wilson, 1973; Fenton, 1992;
Aguirre, 2002; Kunz et al., 2011; Maas et al., 2015).
Despite their importance, bats face multiple threats,
such as loss and fragmentation of habitats, loss of
roost sites, disease, and eradication because they are
not charismatic animals (Mickleburgh et al., 2002).

In the Neotropical region, Brazil is the second
most bat species-rich country, with 183 species 
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Bats have the second highest mammalian species richness globally, and account for about half of the mammal species diversity in
tropical forests. In the Neotropical region, Brazil is the second most bat species-rich country, and the Brazilian Amazonia harbours
most of the Brazilian bat diversity. However, many areas of the Amazon have sampling gaps in biodiversity inventories, and this is
the situation of most Protected Areas (PAs) of the Central Amazon Ecological Corridor (CAEC) of Brazil. In the CAEC, there are
PAs that are relatively intact, globally relevant for biodiversity, having high priority for conservation at the regional scale, but are
greatly deficient in faunal inventories. In this sense, species inventories are the first step to consolidate management plans for PAs,
as well as the conservation of the species occurring there. Thus, in this study we survey the bat assemblages in three PAs in the
CAEC of Brazil: Jutai River Extractive Reserve (JRER), Jutai-Solimoes Ecological Station (JSES) and Auati-Parana Extractive
Reserve (APER). In addition, we compared the bat diversity of these three areas with a compilation of data from 44 localities in the
Amazon biome in two different biogeographic contexts. The first involves three geographic regions separated by large Amazonian
rivers (Eastern Amazonia, Western Amazonia and the Guiana Shield) and the second based on three biogeographic dominions
(Boreal Brazilian, Southeastern Amazonia and South Brazilian). We recorded 36 species at JRER in ten nights of sampling, 
33 species at JSES in nine nights, and 55 species at APER in 17 nights. Of the total number of species, 20 were captured exclusively
at APER, seven at JSES and only four at JRER, with 21 species being common to the three PAs. One species (Artibeus bogotensis)
was recorded for the first time in Brazil. In a biogeographic context, species composition differed among biogeographic regions.
This suggests that when designing strategies of conservation to protect the rich diversity of the large-scale bat fauna of the Amazon,
considering the location of PAs, as well as the biogeographic regions is key. Although there have been major efforts in Brazil to
identify priority conservation areas, for most priority areas of Amazon, bat surveys have not been performed, highlighting the urgent
need for further studies.

Key words: Chiroptera, tropical forest, biodiversity, conservation, biogeographic regions



INTRODUCTION

The relationships between bats (Mammalia:
Chiroptera) and ectoparasitic flies of Nycteribiidae
and Streblidae families (Diptera: Hippoboscoidea)
are excellent models for the study of ecological in-
teractions because most of these fly species have 
either a species-specific association or are limited to
a few hosts (Dittmar et al., 2015). Thus, due to the
high specificity established in these host-parasite re-
lationships, there is a positive correlation between
local fly species richness and bat species richness
(see Wenzel et al., 1966; Wenzel, 1976; Barbier and
Bernard, 2017). Currently, 182 bat species are known
from Brazil, and Phyllostomidae is the family with

the greatest number of species (n = 93) (Nogueira et
al., 2018). As regards flies, Streblidae is the most
species-rich family with ca. 100 species (Barbier et
al., 2018a; Alcantara et al., 2019; Graciolli, 2019;
Hrycyna et al., 2019), whereas Nycteribiidae has 
ca. 26 species (Graciolli et al., 2007). Both fly 
families are widely distributed throughout the Neo -
trop ical region (e.g., Graciolli et al., 2007; Frank et
al., 2014).

Due to the close association with their hosts, bat
flies display adaptations both in their morphological
and physiological traits (Dick and Patterson, 2007),
such as lateral (Streblidae) or dorsoventral (Nycteri -
bii dae) compression, reduction or absence of wings,
and reduced eyes (Peterson and Wenzel, 1987; Meier
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Nycteribiids and streblids are obligate hematophagous flies restricted to bats. These flies are widely distributed throughout the
Neotropical region, although little is known about their spatial distribution and patterns in parasitic associations in different
environments. Studies assessing bat-fly interactions are mostly qualitative, but quantitative studies that allow testing and/or
establishing more specific patterns for these interactions are still scarce. Here, we qualitatively and quantitatively assessed the 
bat-fly interactions in an environmental protection area in northeastern Brazil using prevalence, mean intensity of infestation,
aggregation, and abundance indices. We captured 654 bats of 21 species and five families. Only 157 bats (24%) were parasitized by
351 flies of 19 species and eight genera. Among the most representative bat species (n ≥ 15), the host-parasite relationship between
the white-lined broad-nosed bat (Platyrrhinus lineatus) and a streblid fly Trichobius angulatus had the highest prevalence (33.3%).
The highest mean intensity of infestation recorded was for Trichobius joblingi on the Seba’s short-tailed bat (Carollia perspicillata)
(2.05 flies per host). The fly with higher values of aggregation was Strebla guajiro (D = 0.98) on C. perspicillata. Ninety-five percent
of the fly species were highly host-specific (monoxenous). Regarding the mean abundance of flies, we found no differences between
dry and rainy periods. No noticeable pattern for northeastern Brazil was observed when comparing our results with previous studies,
except for specificity that was consistently high throughout the region. Our study raises questions about the pattern of fly parasitism
on bats and may guide future research on this subject.

Key words: Atlantic forest, Chiroptera, host-parasite relationships, northeastern Brazil, Nycteribiidae, parasitological indices, 
Streblidae



INTRODUCTION

Over the past two decades acoustic detectors

have become a common means to survey and moni-

tor bats at local to regional scales (Britzke et al.,
2013). Because populations of some cave-hibernat-

ing bats have declined precipitously in the eastern

U.S. in response to white-nose syndrome (WNS),

use of mist-nets to determine presence of bats on the

landscape and use of various habitats has become

extremely inefficient (Francl et al., 2012; Moosman

et al., 2013; Pettit and O’Keefe, 2017b). Thus, ac -

oustic surveys have gained even more importance

for studying bat distributions and habitat use in re-

cent years. For example, prior to 2012 regulatory

surveys to determine the presence or probable ab-

sence of the endangered Indiana bat (Myotis sodalis)

required the use of mist-netting (U.S. Fish and

Wildlife Service, 2007). However, in 2012 acoustic

surveys were incorporated into the Indiana bat sur-

vey protocol and can now be used instead of, or in

conjunction with, mist-net surveys to determine

presence/probable absence in most states (U.S. Fish

and Wildlife Service, 2018).

Compared to mist-netting and other capture

methods, acoustic surveys are relatively easy to con-

duct, require fewer personnel, and are less invasive

(Parsons and Szewczak, 2009). However, knowl-

edge of the biology of the bats in the community of

interest, particularly their echolocation and foraging

behavior, and the basics of acoustic detectors greatly

increases the probability of obtaining high quality

calls (Britzke et al., 2013). For example, many fac-

tors can affect the quality of acoustic calls that are

recorded and the probability of detecting individual

species (Ratcliffe and Jakobsen, 2018). These in-

clude detector height (Kalcounis et al., 1999; Men -

zel et al., 2005; Collins and Jones, 2009; Staton and

Poulton, 2012), orientation relative to clutter (Weller

and Zabel, 2002), weatherproofing (Britzke et al.,
2010), microphone orientation relative to horizontal

(Weller and Zabel, 2002; Britzke et al., 2010), and
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Many factors, including microphone type, affect the quality of acoustic calls recorded by bat detectors and detection probabilities of

individual species. Because omnidirectional microphones tend to have a shorter range and record more noise than directional

microphones, it has been suggested that these microphones be set farther from reflecting surfaces. Our objective was to determine

the effects of microphone height (1.5, 5, and 9 m), distance from forest edge (1, 3, and 5 m), and survey timing on the number of

bat files recorded, quality of recorded files, the proportion of identifiable files, and the probability of detecting individual species.

We deployed 3×3 arrays of two types of bat detectors with omnidirectional microphones at two sites in Kentucky during two survey

periods. We found little evidence for effects of microphone height or distance from forest edge on call quality or detection

probabilities of any species. In contrast, survey period significantly affected the number of files recorded, the proportion of high-

quality files, the proportion of identifiable files, and the probability of detecting individual species; the length of the recording

session also significantly affected the probability of detecting some species. Thus, it appears that biologists have some latitude when

placing detectors with omnidirectional microphones on the landscape but timing of surveys should be considered when designing

and analyzing bat acoustic survey and monitoring studies.

Key words: Indiana bat, Myotis sodalis, detection probabilities, omnidirectional microphones, acoustic surveys, clutter,  

survey timing



INTRODUCTION

The ability to accurately identify individuals is
essential for both management and research of wild
or captive animals (Kunz and Parsons, 2009). For
example, estimating survival rates, population via-
bility, development, movement patterns or social 
relationships will all require knowing the identifi-
cation of individuals (Dietz et al., 2006; Kunz and
Parsons, 2009). Such marks differ in invasiveness of
application and the longevity of the mark, and there-
fore require balancing the possible rewards for 
research and information gathering against the cost
for the marked animals (Baker et al., 2001; Ellison,
2008). A key requirement of any mark is that appli-
cation does not cause undue distress or injury for
marked individuals during the marking process,

does not bias investigations, marks last long enough
to gather the required data and are easily identifi-
able and recoverable by fieldworkers (Powell and
Proulx, 2003; Kunz and Parsons, 2009). Which
mark  ing method is therefore appropriate will de-
pend on the question being considered and the re-
quirements of the species in question.

Bats, which make up 20% of all mammal species
worldwide, form vital roles as pollinators (Kunz et
al., 2011) and pest control (Boyles et al., 2011), but
also transmit diseases that are pathogenic for both
humans and mammalian species of agricultural in-
terest (Fagre and Kading, 2019). Furthermore, many
bat species are threatened and protected. Therefore,
there is considerable interest in understanding 
aspects of bat behaviour and movement, which 
requires the ability to identify individual animals.
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The ability to accurately identify individuals is essential for both management and research of wild or captive animals. Marks need
to be clear enough to be recovered, long-lived enough to provide useful information and not have health implications for the tagged
animal which may affect survival. Substantial evidence suggests that more invasive, permanent marking techniques such as wing
banding can cause injuries to bats, limiting the species with which such procedures can be used. Furthermore, low recovery rates
can mean that the long term impacts of permanent marking on survival cannot be assessed. Here we present a new non-invasive,
low cost approach to tag bats which can be carried out with the minimum of handling. Recovery of marks is simple and does not
require handling. Our approach repurposes ‘queen bee markers’, small, coloured and numbered plastic disks which are commonly
used to mark queen bees; instead they are affixed with superglue directly onto the fur of the bat. We carried out a pilot study at 
a large hibernaculum in West Poland, home to ca. 35,000 bats, the majority of which are Myotis myotis, the target species for this
study. In November 2017 we marked 203 bats during a census of the underground fortification system. We recovered 30% of the
originally marked bats over a time period of five months; 27% of the originally marked bats were identified to individual when
resighted. Fifteen individuals were recovered in March that were not recovered in January, suggesting that they were either missed
by recorders or were not present in the system during the census. Using the colour marking system allowed us to derive information
about changes in bat behaviour when identification to individual was not possible, and individual identification revealed differences
in hibernation strategies. We conclude that bee markers are an effective, cheap and less invasive approach for short term monitoring
of bat populations and will also be useful to monitor whether recovery rates warrant the use of more invasive marking techniques.

Key words: Chiroptera, non-invasive marking, hibernation
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