
Acta Chiropterologica, 16(2): 263–277, 2014
PL ISSN 1508-1109 © Museum and Institute of Zoology PAS
doi: 10.3161/150811014X687233

Further evidence for cryptic north-western refugia in Europe? 

Mitochondrial phylogeography of the sibling species Pipistrellus pipistrellus
and Pipistrellus pygmaeus
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The geographic ranges of European plants and animals underwent periods of contraction and re-colonisation during the climatic
oscillations of the Pleistocene. The southern Mediterranean peninsulas (Iberian, Italian and Balkan) have been considered the most
likely refugia for temperate/warm adapted species. Recent studies however have revealed the existence of extra-Mediterranean
refugia, including the existence of cryptic north-west European refugia during the Last Glacial Maxima (24–14.6 kyr BP). In this
study we elucidated the phylogeographic history of two sibling bat species, Pipistrellus pipistrellus and P. pygmaeus in their western
European range. We sequenced the highly variable mtDNA D-loop for 167 samples of P. pipistrellus (n = 99) and P. pygmaeus 
(n = 68) and combined our data with published sequences from 331 individuals. Using phylogenetic methodologies we assessed their
biogeographic history. Our data support a single eastern European origin for populations of P. pygmaeus s.str., yet multiple splits
and origins for populations of P. pipistrellus s.str., including evidence for refugia within refugia and potential cryptic refugia in north
western Europe and in the Caucasus. This complex pattern in the distribution of mtDNA haplotypes supports a long history for 
P. pipistrellus s.str. in Europe, and the hypothesis that species with a broad ecological niche may have adapted and survived outside
southern peninsula throughout the LGM.
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INTRODUCTION

The present day distribution of Europe’s flora
and fauna has been shaped by the succession of ice
ages in the Pleistocene during which large areas of
northern Europe were covered by ice, while per-
mafrost covered much of the north and west
(Hewitt, 2000). Throughout these oscillations the
geographic ranges of species in Europe underwent
periods of contraction and expansion in the last
maxima, often referred to as the Last Glacial
Maximum (LGM), or the Late Pleniglacial (LPG)
some 24–14.6 ka ago (Tzedakis et al., 2013). It has
been assumed that continental species, in particular,
would only have survived glacial periods in classi-
cal southern refugia in the Mediterranean peninsu-
las (Iberian, Italian and Balkan) (Taberlet et al.,
1998; Hewitt, 2000; Weiss and Ferrand, 2007). Re -
cent studies however have revealed the existence of

extra-Mediterranean refugia, not only for arctic/
alpine species (Sommer and Benecke, 2004; Schmitt
et al., 2007; Holder egger et al., 2009), but for many
continental and Mediterranean species as well (re-
viewed in Randi, 2007; Proven and Bennett, 2008;
Schmitt and Varga, 2012). For several vertebrates
and invertebrates the Carpathians have been identi-
fied as a refugia during the LGM (Jaarola and
Searle, 2002; Deffontaine et al., 2005; Ursenbacher
et al., 2006; Wójcik et al. 2010; Homburg et al.,
2013), as have areas in the vicinity of the Alps (e.g.,
Deffontaine et al., 2005; Ursenbacher et al., 2006;
Schmitt et al., 2007). Southern Siberia, the Urals,
the hills of the Crimea and Caucasus have also been
suggested (reviewed by Zink et al., 2006; Bogda-
no wicz et al., 2009), and several cryptic refugia 
in north western Europe have been hypothesised 
in areas with suitable stable microclimates (see
Stewart and Lister, 2001 and Bhagwat et al., 2008).



INTRODUCTION

The bat genus Eidolon (family Pteropodidae)
contains two species: E. helvum Kerr, 1792 — the
largest and most common fruit bat in sub-Saharan
Africa, certain neighboring African offshore islands,
and the Arabian Peninsula — and E. dupreanum
Pollen, 1866, endemic to Madagascar (Bergmans,
1990; Simmons, 2005). The day roost sites of 
E. helvum can contain notably large numbers of in-
dividuals, and are typically found in trees within for-
est, savannah, or urban areas (Nowak and Roland,
1999; Sørensen and Halberg, 2001). Continental
populations of E. helvum are seasonally migratory,

and while extremely long distance movements have
been recorded (Richter and Cumming, 2008), it is
unknown whether migration is directed or repre-
sents nomadic movements following seasonal
changes in resource availability.

By contrast, E. dupreanum rarely roosts in trees.
Instead, these bats preferentially aggregate in small
colonies within rock crevasses and caves (Mac -
Kinnon et al., 2003; Racey et al., 2009; Good-
man, 2011). Recent research on E. dupreanum
cave roosts indicates that they navigate in and out 
of these structures with what appears to be an incip-
ient form of echolocation (Schoeman and Good-
man, 2012); this is a roosting and behavioral niche 
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A deep divergence time between sister species of Eidolon (Pteropodidae) 

with evidence for widespread panmixia
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The pteropodid fruit bat genus Eidolon is comprised of two extant species: E. dupreanum on Madagascar and E. helvum on the
African mainland and offshore islands. Recent population genetic studies of E. helvum indicate widespread panmixia across the
continent, although island populations off western Africa show genetic structure. Little is known about the genetic connectivity of
E. dupreanum or the divergence time between these two sister species. We examine sequence data for one mitochondrial (cyt-b) and
three nuclear regions (β-fib, RAG1, and RAG2) to assess population genetic structure within E. dupreanum and divergence between
the two Eidolon spp. In addition, we characterize the demographic history of both taxa using coalescent-based methods. We find
little evidence for population structure within E. dupreanum, and suggest that this reflects dispersal based on seasonal fruit
availability and a preference for roosting sites in exposed rock outcrops. However, despite apparent panmixia in both Eidolon spp.
and large dispersal distances reported in previous studies for E. helvum, these two taxa diverged in the mid-to-late Miocene. Both
species are also characterized by population expansion and young, Pleistocene clade ages, although slower population growth in 
E. dupreanum is likely explained by its divergence via colonization from the mainland. Finally, we discuss the implications of
population connectivity in E. dupreanum in the context of its potential role as a reservoir host for pathogens capable of infecting
humans.
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INTRODUCTION

In part associated with their wing structure and
size, nocturnal fruit bats of the Old World family
Pteropodidae are notably strong flyers with respect
to other chiropterans (Norberg and Rayner, 1987).
Non-forest dependent species are able to cross con-
siderable distances in search of food resources and
while dispersing. For example, some members of
the genus Pteropus, which readily cross non-
forested areas, are able to fly over 50 km in a given
night (Palmer et al., 2000; Tideman and Nelson,
2004). This capacity to cross substantial areas, in-
cluding open water, has allowed members of this
genus to colonize notably remote islands across the
Old World tropics. Surprisingly, even though these
bats can disperse across considerable oceanic areas,
they nonetheless exhibit considerable levels of 
endemicity on islands and island groups, includ-
ing those in the Indian Ocean. Hence, patterns of
dispersal are by no means regular and different 
types of filters exist that provide mechanisms for
local speciation (Chan et al., 2011; Almeida et 
al., 2014).

The Mauritian flying fox Pteropus niger is re-
stricted in its distribution to the Mascarene Islands
(Mauritius and La Réunion) in the southwestern
Indian Ocean. On the basis of subfossil evidence, it
is known that this species was once widespread on
La Réunion, but was locally exterminated in the
early 18th-century, almost certainly associated with
local hunting pressure (Bergmans, 1999; Cheke and
Hume, 2008). In 2007, a small colony of P. niger
was identified on La Réunion, probably representing
a recent recolonization (Roué and Probst, 2010;
Hutson and Racey, 2013) and attesting to the ability
of this species to disperse the ≈180 km of open
water between these two islands. On Mauritius,
which has a surface area of 1,860 km2, this species
remains widespread and relatively common. The
local population was estimated in 2010 as 49,000–
56,000 individuals, and thus considered stable
(Sookhareea, 2011; Hutson and Racey, 2013).
Recent phylogenetic work on the genus Pteropus in-
dicates that P. niger diverged less than 500,000
years ago as part of a western Indian Ocean radia-
tion (Almeida et al., 2014) and can be considered 
a relatively recent taxon.
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The Mauritius flying fox Pteropus niger is distributed on the islands of Mauritius and La Réunion in the western Indian Ocean.
Although recent studies have examined the phylogenetics and systematics of this genus, relatively few have assessed the population
genetics of species distributed on oceanic islands and no study has focused on the demographics of P. niger. Here, we present
mitochondrial DNA sequence data from 39 individuals of P. niger collected from four main colonies distributed throughout
Mauritius. Our results indicate that the Mauritian population of P. niger is likely panmictic, with moderate to high levels of gene
flow occurring among colonies distributed across the island. Collectively, our sequence data suggest moderate levels of genetic
variation within the population. These findings will help to inform ongoing conservation and disease surveillance initiatives.
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INTRODUCTION

The Jamaican fruit-eating bat (Artibeus ja-
maicensis) is one of the most abundant bat species 
in the Neotropics with a wide distribution (ranging
from the Florida Keys, throughout the Caribbean,
Mexico southward to northern Colombia and west-
ern Venezuela) (Larsen et al., 2010). The species 
occupies a great diversity of habitats including trop-
ical evergreen forests, cloud forests, dry sea sonal
forests, and human-modified habitats such as agri-
cultural landscapes (Ortega et al., 2002; Vázquez-
Domínguez et al., 2013). In Mexico, A. jamaicensis
is abundant along the Pacific slope, the Yucatan
Peninsula, and the intermediate areas surrounding
the Gulf of Mexico. This bat is essentially frugivo-
rous but if resources are limited, it can consume in-
sects, nectar and pollen (Ortega and Castro-Arella -
no, 2001; Larsen et al., 2007). Artibeus jamaicen-
sis also roosts in variety of sites including caves,
hollow trees and buildings (Ortega and Ca stro-
Arella no, 2001).

The generalist habits and large range of ecologi-
cal conditions tolerated by this species suggests the
potential for considerable amounts of genetic varia-
tion, indicating that studies of variation in Major
Histocompatibility Complex (MHC) genes in this
species may provide great insight into the evolution-
ary relationships between pathogen exposure and
selection on immunogenes. Further, bats are known
to be vectors for a number of pathogens that affect
other vertebrates, improved understanding of these
relationships may have important implications for
protecting livestock and humans (Allen et al., 2008;
Anthony et al., 2013).

Exposure to pathogens can result in powerful se-
lective forces that affect multiple aspects of the 
organism phenotype and genotype. For example,
pathogens are thought to be a primary driver of 
positive (balancing) selection on MHC genes
(Wegner et al., 2004; Sommer, 2005). Besides gene
conversion and recombination, sexual selection and
maternal-fetal interactions may also play a role
maintaining diversity at MHC loci (Spuring and
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Major Histocompatibility Complex (MHC) encodes a group of closely linked genes that play a central role in the vertebrate immune
system, those are crucial for understanding the influence of natural selection on genetic diversity in wild populations. 
We examined genetic variation at the MHC class II DRB gene in 15 sampled localities of the Jamaican fruit-eating bat (Artibeus
jamaicensis) in Mexico. Artibeus jamaicensis is one of the most abundant and widely distributed species in the Neotropics, and is
therefore an excellent species in which to examine immunological gene variation. Using PCR amplifications, cloning and
sequencing, we assessed individual DRB allelic diversity. Sequences from 193 individuals were analyzed and no deletions or
insertions were detected, thus likely representing functional alleles. We identified 161 alleles (allele diversity = 0.9789 + 0.0022),
with three to five alleles per individual, suggesting gene duplication events. Our results suggest the presence of recombination
involved with generating DRB diversity in A. jamaicensis; we detected one recombination breakpoint and one recombination event.
In the antigen-binding site (ABS), the average number of nonsynonymous substitutions per site is greater than the synonymous
substitutions per site (0.7033 versus 0.2966, respectively) providing evidence for positive selection acting above the evolutionary
history of the species in shaping MHC diversity.
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INTRODUCTION

Niche theory predicts that sympatric species that
are potential competitors may avoid or have reduced
interspecific competition by resource partitioning
(Hutchinson, 1957). However, some species that ap -
pear to have overlapping diet occur together. For ex-
ample, the variety of prey types found in the diet of
many species of insectivorous bats that occur in
sympatry (Kunz, 1974; Barclay, 1991; Kurta and
Whitaker, 1998) suggests that they are generalist
predators that exploit local concentrations of 
ephe m eral insects (Fenton and Morris, 1976). Given
the high diversity and ephemeral nature of potential
prey populations such a generalist strategy should be
highly adaptive; however, it increases the potential
for competition among sympatric species. Given
that many bat communities are diverse and contain
species that forage in a range of site types (Mc -
Kenzie and Rolfe, 1986; Schnitzler and Kalko,
2001) and use alternative foraging strategies (e.g.,
aerial hawking versus gleaning by insectivorous
species; Norberg and Rayner, 1987; Ratcliffe and

Dawson, 2003), specialization can reduce inter-
specific competition. For example, Arlettaz et al.
(1997) examined dietary niche parameters of sym-
patric Myotis myotis and M. blythii and concluded
that they partition food resources and this may per-
mit their co-existence.

Understanding the diet of cryptic animals such as
insectivorous bats has been limited by the inherent
biases of commonly used techniques for their as-
sessment (Kelly, 2000). Observations of foraging
bats are often not possible (but see Hickey et al.,
1996; Acharya and Fenton, 1999), and most of what
is known about diet comes from other methods.
Traditional methods to investigate the diet of bats
included the analysis of prey remains at roost sites
(Yalden and Morris, 1975; Rabinowitz and Tuttle,
1982), and the identification of stomach or fecal
contents (Whitaker et al., 2009). These provide 
direct measures of diet but depend on the presence
of conspicuous, identifiable prey or prey remains,
and may underestimate the consumption of less con-
spicuous or highly digestible prey (Rabinowitz and
Tuttle, 1982; Stapp, 2002; Meckstroth et al., 2007).
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Stable isotope analysis (SIA) was used to quantify intra- and inter- specific variation in the δ13C and δ15N values in plagiopatagium
tissue of little brown (Myotis lucifugus) and northern long-eared (M. septentrionalis) bats in several regions of the Canadian
Maritimes where they occur in sympatry. There was large intraspecific variation in the δ13C of M. lucifugus, with the range
exceeding 30‰, whereas the range of δ13C values observed in M. septentrionalis was less than 7‰. Similarly, the standard ellipse
area of M. lucifugus was larger than that of M. septentrionalis at all sites and together, these data support the contention that 
M. lucifugus has broader dietary niche breadth than M. septentrionalis. Some M. lucifugus from Fundy National Park, New
Brunswick exhibited very low δ13C values, suggesting an energy input from an unknown source, possibly with carbon assimilated
from biogenic methane. High δ13C values for M. lucifugus from Brier Island, Nova Scotia are consistent with a diet that is at least
partially derived from marine sources. Finally, δ15N values for both species from Prince Edward Island were high relative to New
Brunswick or Nova Scotia, suggesting inputs of anthropogenically-derived nitrogen from a more agriculturally-intensive landscape. 

Key words: bats, diet, Myotis lucifugus, M. septentrionalis, niche, stable isotopes, sympatry



INTRODUCTION

Life for mammals in environments with ambient
temperature (Ta) and food availability driven by sea-
sonality is often facilitated with the use of torpor to
conserve energy and water (Speakman and Thomas,
2003; Geiser, 2004). During torpor, body tempera-
ture (Tb) and metabolic rate are reduced (Geiser,
2004). Mammals in hot and dry environments can
enter torpor for several days in winter (hibernation)
or during summer (estivation), or for periods of less
than 24 hours (daily torpor — Wilz and Heldmaier,
2000).

Bats are usually small and require high metabolic
rates to maintain normothermy (e.g., when the core
temperature of the animal is within ± one standard
deviation of the range associated with the normal
postabsorptive resting condition of the species in the

thermoneutral zone — IUPS Thermal Com mission,
2001), even at Ta slightly below the lower critical
temperature of their thermoneutral zone (≈30°C —
Speakman and Thomas, 2003; Turbill, 2006). Ther -
m al constraints therefore exert strong selection pres-
sure on most bat species and influence many aspects
of their ecology and behavior (Willis and Cooper,
2009). A variety of thermoregulation patterns have
been recorded for bats. They can either maintain a
stable Tb or show facultative hetero thermy (Speak -
man and Thomas, 2003; Willis and Cooper, 2009).
As in other taxa, torpor allows bats to save energy as
metabolic rate is decreased (Willis et al., 2005). In
particular, species from temperate zones frequently
enter torpor when weather conditions are adverse
and/or energetic reserves are low (Willis et al.,
2006). Tropical and subtropical bats also use torpor
presumably to adapt to fluctuating environments
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Use of torpor likely favors the survival of subtropical bats in harsh environments. The fishing myotis (Myotis vivesi) is a species
endemic to desert islands in the Gulf of California, where summers are extremely hot and winters are cold and windy. We explored
thermoregulating abilities of M. vivesi measuring skin temperature (Tskin) on free-ranging individuals in winter 2010 and 2011, and
in summer 2010. We also measured ambient (Ta) and roost (Troost) temperatures during the study, and we obtained data for wind
speed at night time during winter periods. We found that all bats entered torpor in both winters and that at least three individuals
hibernated for several days, which had not been reported previously for bats in subtropical deserts. In summer, three individuals
entered short bouts of shallow torpor in early mornings. Roosts were slightly warmer than Ta in winter at nightime, and in summer
they never reached temperatures > 38.7°C, even at Ta ≈ 45°C. Roost occupancy in winter was higher during windy nights in 2010
but no pattern was found in 2011. Therefore, in winter fishing myotis were more likely to remain in their night roosts and enter torpor
when ambient conditions (e.g., strong winds) limit fishing on marine waters. In summer, roosts provide good insulation against high
Ta, and bats might not need to resort to torpor to lower their metabolic rate except for a brief period during early mornings. When
resources are limited the use of torpor may increase this insular species’ chances of survival.

Key words: daily torpor, deserts, fishing bats, Gulf of California, heterothermy, hibernation, Vespertilionidae



INTRODUCTION

Most bat species show some degree of specificity
with regard to their roosting habits, including the
use of caves, rock crevices, leaves, branches and
trunks of trees, tree cavities, man-made structures,
and cavities constructed by other animals (Kunz and
Lumsden, 2003; Racey and Entwistle, 2003). These
roosts provide sites for mating, hibernation, and
rearing young, and also facilitate social interactions,
offer protection from inclement weather, promote
energy conservation, and minimize the risks of pre-
dation and parasitism (Kunz and Lumsden, 2003;
Lumsden and Bennett, 2006; O’Donnell and Sed -
geley, 2006). Man-made structures, such as inhab-
ited houses, as well as tree roosts, are used by some
temperate zone bat species, such as Dau benton’s bat
(Myotis daubentonii –– Jones and Altringham,
1996), the common pipistrelle (Pipi strellus pipi -
strellus –– Thompson, 1992), and the brown long-
eared bat (Plecotus auritus –– Entwistle et al.,
1997). At higher latitudes, man-made roosts provide
large spaces and good insulation for maternity
colonies (Swift, 1998).

Most female bats in the temperate zone form ma-
ternity colonies when raising their young. Clustering
in colonies confers fitness benefits, for example by

reducing thermoregulatory costs (Kunz and Lum-
s den, 2003). Group sizes of bat colonies can vary
from millions of individuals in caves or mines to 
a few individuals in tree cavities (Kunz and Lum -
sden, 2003). Tree roosting species, such as the big
brown bat (Eptesicus fuscus) and Bechstein’s bat
(Myotis bechsteinii), frequently move between nu-
merous roosts within a local area, and such mobility
results in splitting of a colony into subgroups, con-
forming to a fission-fusion model (Kerth and König
1999; Willis and Brigham, 2004).

The distinctive foraging ecology of Daubenton’s
bat is among the best studied of any Palaearctic bat
species. It flies low over water, taking insects in the
air within about a metre of the surface, using its
mouth, feet and interfemoral membrane, or when
aerial insect density is low, from the water surface
(Kalko and Schnitzler, 1989; Warren et al., 2000). In
contrast, its roosting ecology is relatively poorly
known (Dietz et al., 2009), and this paucity of
knowledge is of concern in the UK where Dau -
benton’s bat is the main reservoir of European bat
lyssavirus 2 which resulted in the death of a bat-
worker in Scotland in 2002 (Racey et al., 2012).

In summer, Daubenton’s bat roosts mainly in
trees adjacent to riparian habitats (Boonman, 
2000; Encarnação et al., 2005; Dietz et al., 2006). 
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Roosting habits of Daubenton’s bat (Myotis daubentonii) during reproduction 

differs between adjacent river valleys
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The use of different roost types by Daubenton’s bats (Myotis daubentonii) during reproduction was investigated in two adjacent river
valleys in northeastern Scotland. Forty-six individuals from six colonies were radiotracked during the summers of 2004–2006. The
frequency of roost switching varied with reproductive status, and was lowest in lactating females and highest in non-reproductive
females, which changed roosts on average once every 5.0 and 1.5 days, respectively. Although Daubenton’s bats regularly switched
roosts, strong faithfulness to the roosting area was apparent regardless of whether they formed maternity colonies in trees or
buildings. Although most roosts found at both study areas were in trees, lactating females and juveniles in one valley roosted only
in trees whereas in the other they roosted exclusively in buildings, in which ambient temperatures were significantly higher. 
The implications of roosting habits for the transmission of European bat lyssavirus are discussed.

Key words: Daubenton’s bat, Myotis daubentonii, reproduction, roosting behaviour, roost switching, EBLV2



INTRODUCTION

Bat diversity decreases northwards and factors
related to latitude, such as light and temperatures are
important regulating factors (Kaufman and Willig,
1998; Ulrich et al., 2007; Michaelsen et al., 2011).
In general, roost site selection in pregnant and lac-
tating bats are affected by microclimate and they
seek out warm roosts close to their thermo neutral
zone, thus bats spend little energy on maintaining
body heat (e.g., Kunz, 1982, 1987; Schober and
Grimmberger, 1997; Altringham, 2003; Speakman
and Thomas, 2003; Lourenço and Palmeirim, 2004;
Ruczyński and Bogdanowicz, 2005; Ruczyński,
2006; Bartonička and Řehák, 2007; Dietz et al.,
2007; Mazurska and Ruczyński, 2008). Bats using
cooler roosts allocate more energy to maintaining
body heat or alternatively, prolong the reproductive
period (e.g., McNab, 1982; Hamilton and Barclay,
1994; Speakman and Thomas, 2003; Dietz and
Kalko, 2006; Lausen and Barclay, 2006; Solick and
Barclay, 2007). Substantial selective pressure
should be expected towards seeking out the most

suitable roosts at northern latitudes (Speakman and
Thomas, 2003; Ruczyński, 2006). At northern lati-
tudes, with decreasing temperatures, fewer potential
roosts are likely to have a micro- climate reaching
thermo- neutral quality, and beyond the Arctic
Circle, even the hardy northern bat Eptesicus nils so -
nii seems to prefer heated buildings as nurseries
(Rydell et al., 1994; Frafjord, 2007).

With latitude, nights become shorter and dark-
ness is eventually no longer available to bats during
the summer months. Hunting during daylight condi-
tions is risky due to diurnal avian predators (e.g.,
Speakman, 1991; Grimstad and Michaelsen, 2007;
Frafjord, 2012b), but bats can to some extent reduce
this risk of predation by exploiting habitats that 
provide shade and by maintaining a nocturnal activ-
ity pattern (e.g., Nyholm, 1965; Rydell, 1992; Jen -
kins et al., 1998; Duvergé et al., 2000; Speakman 
et al., 2000; Rydell et al., 2002; Russo et al., 2007;
Wer mundsen and Siivonen, 2008; Michaelsen et al.,
2011; Frafjord, 2012a; Lima and O’Keefe, 2013). 
A further reduction in predation risk can be achiev-
ed by selecting roost structures inaccessible to
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Roost site selection in pregnant and lactating soprano pipistrelles 

(Pipistrellus pygmaeus Leach, 1825) at the species northern extreme: 

the importance of warm and safe roosts
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In summer reproducing female bats prefer roosts with temperatures in their thermo neutral zone, but in northern Europe, such roosts
may be difficult to find. In this study, summer roost site selection of pregnant and lactating soprano pipistrelles were investigated
using radio telemetry (2004–2006) in a fiord landscape with complex topography at the species northern extreme. The soprano
pipistrelles’ common roost sites were in hollow trees (n = 14), but they also used crevices in rock walls (n = 2) and the attic of one
building. The bats exclusively sought out roosts on the north side of the fiord with the slope facing south, where solar irradiation
yielded the warmest micro climate. From 2005 to 2014, bat boxes were erected at three sites in the study area. From 2012 to 2014
we only found maternity roosts in such structures, thus there was a clear shift in roost site selection by the soprano pipistrelle in the
study area. Man-made structures, such as buildings and bat boxes, provided the warmest cavities, whereas natural cavities did not
differ significantly from air temperatures. The bats did not find thermo neutral roosts most of the time, and this should affect the
energy budgets, and thus the bats´ behaviour. Direct observation of predation at roosts in build-up areas suggests that living close to
humans could be costly to bats emerging in daylight conditions. No predation attempts were recorded at roosts in woodland habitats.

Key words: generalized additive model, roost temperature, Norway, bat boxes, predation



Tree cavities used as bat roosts in a European temperate lowland sub-Atlantic forest

LAURENT TILLON1, 2 and STÉPHANE AULAGNIER3, 4

1Office National des Forêts, Direction de l’Environnement et du Développement Durable, 2 Avenue de Saint-Mandé,
75570 Paris cedex 12, France 

2Ecole Pratique des Hautes Etudes, Laboratoire de Biogéographie et d’Ecologie des Vertébrés, Montpellier cedex 5, France
3Comportement et Ecologie de la Faune Sauvage, INRA, B.P. 52627, 31326 Castanet Tolosan cedex, France

4Corresponding author: E-mail: Stephane.Aulagnier@toulouse.inra.fr

The availability of suitable roosts may be the major limiting factor for maternity colonies of bats in forests. Most studies on the use
of tree cavities by bats have focused on analysing occupancy by a single species, and not by the entire bat community. To provide
guidelines for forest management conducive to sustaining bats in a temperate lowland European forest, we studied the occupancy
of tree cavities by bats of all species. In six different habitat types of 4 to 10 ha, all tree cavities were recorded and described
according to 47 qualitative and quantitative descriptive variables. Logistic regression analyses were computed to predict the
occupancy of cavities by bats, and to identify the most relevant variables for use as bat roosts. With or without potential competitors
in the analyses, bats mainly used cavities in healthy main branches, with a large entrance located high above the ground. They did
not use peeling bark or cavities on secondary branches, nor cavities covered by spider webs. Despite a large number of potential
roosts in the area, bats tend to be selective and the types of roosts were less diverse than described in the literature. Not surprisingly
guidelines for forest management aimed at bat conservation include keeping healthy old trees, which provide various types of
cavities.

Key words: bats, community, tree roost, temperature, forest management

INTRODUCTION

The distribution of bats in areas with temperate
climates is likely determined by several factors in-
cluding: altitude, water availability, urban develop-
ment, and forest or tree cover (Jaberg and Guisan,
2001). Forest habitats are used both for foraging and
roosting (e.g., Kalcounis-Rüppell et al., 2005; Lacki
et al., 2007). As bats are able to forage in various
habitats, tree cavities are considered to be the most
limiting factor for bats in forests. This is especially
true for maternity colonies, which have more spe-
cific requirements, including a set of cavities avail-
able within a small area (Kunz and Lumsden, 2003;
Meschede and Heller, 2003). For all bats, tree cavi-
ties must provide protection against adverse weather
conditions such as wind, rain and extreme tempera-
tures and against predators (Kunz and Lumsden,
2003; Barclay and Kurta, 2007). They also play 
a role in social interactions among individuals
(Kerth et al., 2001b; Willis and Brigham, 2004).

Most studies on forest bat roosts focus on a sin-
gle species and aim to assess preferences, mainly

during the maternity period (Swift, 1997; Betts,
1998; Hurst and Lacki, 1999; Boonman, 2000; 
Men zel et al., 2002; Ruczyński and Bogdanowicz,
2005). Some authors consider temperature as a crit-
ical variable driving the selection of tree cavities 
by bats (Kerth et al., 2001a; Sedgeley, 2001). In
some cases, thermal environment inside the cavity
appears to be an important factor in its selection 
by bats (Entwistle et al., 1997; Kalcounis and Brig -
ham, 1998).

Some species are relatively selective of specific
roost types. For example, Myotis brandtii and Ny c -
talus leisleri prefer cavities resulting from natural
degradation (Sachanowicz and Ruczyński, 2001;
Ruczyński and Bogdanowicz, 2005, 2008). Other
species choose roomy cavities (Willis et al., 2006).
Most species select cavities with small openings that
limit access to predators (Ruczyński and Bog da -
nowicz, 2005) or competitors (Bonar, 2000; Blon -
del, 2005; Tillon, 2005).

Studies underline the preference of maternity
colonies for cavities such as gaps under peeling
bark, narrow cracks, large cracks opening upwards
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Large home range size in the ground foraging bat, Mystacina tuberculata, in cold

temperate rainforest, New Zealand
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Large home range sizes are not unusual for small forest-dwelling bats living in cold temperate climates. However, lesser short-tailed
bats (Mystacina tuberculata) feed on the ground for a proportion of their time, so their home range requirements may not conform
to predictions based on other bat species. The home range size requirements of a population of M. tuberculata were investigated in
cold temperate rainforest in the Eglinton Valley, Fiordland, New Zealand. Home range data was collected from a total of 21 out of
23 radio-tagged bats during late summer to early autumn of 1997 and 1998. Individual bats were followed for an average of 
7.8 ± 3.2 (SD) days and collectively ranged over a total area of 14,710 ha. Thirteen colonial roosts were located within a central
roosting area occupying 17 ha. A further 10 solitary roosts were located within individual foraging areas. Individual 100% minimum
convex polygons varied considerably in size from 127.3 to 6,223.4 ha (median = 478.5 ha) with a range length of 2.2–23.0 km
(median = 5.0 km). Cluster analyses revealed individual home ranges contained multi-nuclear patches of activity. Despite their large
home ranges, bats concentrated activity (85%) in small core areas of 0.6–270.3 ha (median = 26.5 ha), with 85% of core areas less
than 62 ha in size. Moderate levels of home range overlap amongst individuals (median = 26.8%) decreased to low levels for
individual core areas (median = 3.7%). Our results show that M. tuberculata have relatively large home ranges, similar to many other
small temperate rainforest bats, and implies that conservation areas designed for M. tuberculata should be large. Our predictions
should be tested on populations of this species in areas with more abundant resources and milder climates.

Key words: lesser short-tailed bat, vespertilioniformid, Yangochiroptera, Noctilionoidea, Mystacinidae, radio-tracking, movements,
beech forest, Nothofagaceae

INTRODUCTION

Home range size and use patterns in bat species
have been linked to a number of different predictors,
including foraging strategy, distribution of food 
resources, wing morphology, body size, colony 
size, social and reproductive behaviours (e.g.,
Fenton, 1997; Meyer et al., 2005; Borkin and Par -
sons, 2011). Small bats with relatively short and
wide wings and large, rounded wing tips tend to be
slow flying but highly manoeuvrable, suiting them
for foraging, often by gleaning, in cluttered forest
habitats (Norberg and Rayner, 1987; Webb et al.,
1998). Such bats tend to have small home ranges
(e.g., Fenton, 1997; Kalko et al., 1999; Fenton and
Bogda nowicz, 2002; Owen et al., 2003; Meyer et
al., 2005). The endangered lesser short-tailed bat
Mystacina. tuberculata (Mystacinidae) is similar in
its wing morphology to other gleaning bats with rel-
atively low wing loadings and aspect ratios adapted

for flight in cluttered habitats and feeds in dense
rainforest (Parsons, 1997; O’Donnell et al., 1999;
Jones et al., 2003). Unlike other gleaning bats
though, M. tuberculata is unique among forest
dwelling vespertilioniformids in that it is terrestrial,
able to forage on the forest floor and other substrates
(e.g., Christie, 2003; Jones et al., 2003; Lloyd, 2005;
McCartney et al., 2007). However, wing morphol-
ogy, and the presence of volant invertebrate species
in faecal analysis (Webb et al., 1998; Arkins et al.,
1999), show that M. tuberculata are also hawkers of
aerial insects. Other small aerially hawking vesper -
tilioniformids, including the sympatric population of
New Zealand long-tailed bat Chalinolobus tubercu-
latus, have large home ranges in the order of hun-
dreds or even thousands of hectares in cold temper-
ate climates (e.g., O’Donnell, 2001; Fenton and
Bo gdanowicz, 2002; Johnson et al., 2007; Hillen et
al., 2009; Zeale et al., 2012). Recent research sug-
gests food abundance and distribution are the key



INTRODUCTION

Various communication signals (i.e., acoustic,
olfactory, and tactile) have been cited for their po-
tential role in the social interactions of bats (Fenton,
1985), and are likely to have potent effects on repro-
ductive success (Bronson, 1989). Acoustic vocaliza-
tions play an important role in choice of mates
within many taxa, including insects, amphibians,
birds, and mammals (Bradbury and Vehrencamp,
1998; Bosch et al., 2002). It has been widely 
suggested that ultrasonic vocalizations of bats can 
function for social purposes in addition to being
used for navigation and foraging (Barclay, 1982;
Fen ton, 1985; Boughman and Wilkinson, 1998; Ka -
zial et al., 2004, 2008; Siemers et al., 2005; Schuch -
mann and Siemers, 2010; Jones and Siemers, 2011;
Knörn schild et al., 2012). These studies imply that
some bats have the potential to recognize and re-
spond to vocalizations of other bats in a manner that
would indicate the signals are useful for communi-
cation. In this study, we explore differences in the

echolocation pulses of male and female big brown
bats (Eptesicus fuscus), and their relation to copula-
tion frequency.

Broadly speaking, in the spring and summer
months, female big brown bats (Eptesicus fuscus)
cluster together to form maternity colonies while
males form separate bachelor colonies. In the fall/
winter, big brown bats gather at the hibernacula and
engage in swarming behavior (Davis et al., 1968).
Observational and genetic studies support the idea
that these interactions include behaviors that have 
a social and mating context (Humphrey and Cope,
1976; Thomas et al., 1979; McCracken and Wilkin -
son, 2000; Bogdanowicz et al., 2012). From a phys-
iological standpoint, we do know that big brown
bats exhibit a dissociated pattern of reproduction,
mating in the fall and winter months while the go-
nads are regressed (males) or in stasis (females) and
hormones are at a basal level (Oxberry, 1979; Racey
and Entwistle, 2000).

Although, a wide variety of mating systems have
been documented in bats, there are a limited number
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Sex and season differences in the echolocation pulses of big brown bats 

(Eptesicus fuscus) and their relation to mating activity
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Although several studies have reported inter- and intra-individual variation in the echolocation pulses of big brown bats, relatively
few have explored its function in the context of courtship and mating. In this study, we tested for sex and seasonal differences in the
echolocation pulses of male and female big brown bats, and related these differences to mating activity. We recorded the
echolocation pulses of adult female and male big brown bats in a controlled laboratory environment during the mating and 
three non-mating seasons. Factor analysis was used to reduce the number of call variables into two principle components (PC1 and
PC2). Call components related to PC2 were significantly sexually dimorphic in the mating season. However, no call components
were significantly sexually dimorphic in the non-mating season. In addition, we found a significant correlation between PC1 and the
mating score of male bats. There was no significant correlation between principle components and the mating score of female bats.
Our results provide additional support for the current literature that suggests a communicative function for bat echolocation pulses.
Furthermore, it suggests that differences in the echolocation pulses of male and female bats may be important in the mating activity
of this group.

Key words: bats, communication, echolocation pulses, sexual dimorphism, mating



INTRODUCTION

Patterns of ectoparasite infestations are complex
and depend on many variables, which are related to
the parasites themselves, their hosts, and their
shared environment (Combes, 2001). In close-
ly related host species, which are susceptible to 
a particular parasite, even small differences in their 
morphology, ecology, or diet can lead to different 
patterns of parasite infestation (Freeland, 1983). 
Al though ectoparasites tend to be host-specific,
some of them can utilize a different host species and
infest them with varying intensity (Marshall, 1982;
Margolis et al., 1982). Typically, larger hosts have
more parasites than smaller ones (Morand and
Guégan, 2000; Patterson et al., 2008), but parasite
infestation depends also on their hosts’ age, sex, and
health status. In mammals, males are generally more
infested than females (Morand et al., 2004; Krasnov

et al., 2005), yet in bats, this trend is frequently re-
versed (Zahn and Rupp, 2004; Christe et al., 2007).
It might be caused by a parasites’ preference for fe-
males (wing mites — Christe et al., 2007), or by dif-
ferences in the availability of males and females in
summer host aggregations (nycteribiids — Presley,
2012), due to possible horizontal ectoparasite trans-
mission. Sex-biased parasitism may vary within 
a species, depends on host behavior (Krasnov et al.,
2012), and is affected by the type of the mode of ec-
toparasite transmission (Reckard and Kerth, 2009).
The level of parasitic infestation also depends on the
hosts’ population density (Stanko et al., 2002) and
on their aggregation size (Reckardt and Kerth, 2009;
but see Postawa and Szubert-Kruszyńska, 2014).

Haematophagous ectoparasites affect hosts by
depleting their nutrients and energy (Khokhlova et
al., 2002; Hawlena et al., 2006), altering their be-
havior (Giorgi et al., 2001; Hawlena et al., 2007),
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Abundance patterns of ectoparasites infesting different populations of 

Miniopterus species in their contact zone in Asia Minor
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Although closely related host species are similarly susceptible to infestations of parasites, even small differences in their
morphology, feeding behaviour or population history may affect parasitic infestation. In the present study we analyse the abundance
of two species of nycteribiid flies (Diptera, Nycteribiidae) and one wing mite (Mesostigmata: Spinturnicidae) infesting populations
of Miniopterus schreibersii and M. pallidius, which comprise a cryptic species complex of Miniopterus species in Asia Minor. We
focus on the putative contact zone between these two taxa in Central Anatolia. We conducted our study in seven caves with large 
(≥ 1,000 individuals) maternity aggregations: three housing Anatolian M. schreibersii, one housing Levantine M. schreibersii, and
three housing Anatolian M. pallidus. Sex-biased parasitism was found only twice: female-biased in Spinturnix psi on M. pallidus,
and male-biased in Nycteribia schmidlii on M. schreibersii. Differences in the flies’ abundance between Anatolian M. schreibersii
and M. pallidius were found only in N. schmidlii (for female host), but not for Penicilidia dufourii. There was a significant difference
in the wing mite abundance, both between hosts and sexes. Unexpectedly, we observed a large difference in the load and type of
parasites between M. schreibersii from Levant (separated from other M. schreibersii colonies by a few colonies of M. pallidus) and
the rest of M. schreibersii. In Levant, the wing mites did not infest bats. Instead, they carried almost threefold larger load of the flies
than in other bent-wing bat colonies. It is possible that the decline of wing mites is associated with increasing quantities of flies. One
hypothesis regarding the absence of S. psi in the Levant colony, is that it is correlated with a significant decrease in the size of the
bat’s population in the past (as indicated by both mtDNA and microsatellite studies) and their disconnection from the continuous
range of other M. schreibersii. We did not find any correlation between parasite load and health status of the host.

Key words: cryptic species, ectoparasite infection, Miniopterus phylogeny, Nycteribiidae, Spinturnicidae, Asia Minor
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Understanding bat-habitat associations and the effects of monitoring on 

long-term roost success using a volunteer dataset
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In gregarious species, the choice of colony location is especially crucial as the costs associated with breeding near conspecifics are
important and the quality of a breeding patch is known to affect individual fitness. Consequently one could expect robust decision-
making rules regarding colony location. The conceptual framework of animal aggregation with regards to habitat selection
emphasizes that the presence and success of conspecifics are cues to habitat selection. Based on this, we explored how the
distribution of breeding colonies could inform us about how habitat selection operates in bats. The data set we used was provided
by a volunteer network whose first aim is to advise citizens facing bats in distress or bats in their homes. The dataset contained
information on the locations of 105 serotine (Eptesicus serotinus) breeding colonies in a French region primarily dominated by an
agricultural landscape. The methodology used for calculating habitat availability was based on the comparison of habitats
surrounding serotine colonies to habitats surrounding random points. We found that serotine bats positively select pastoral and
aquatic habitats regardless of the comparison used. The strong correlation between our results and those obtained with radio-tracking
or acoustic methods underlines the robustness of this spatial distribution approach. The analysis of the history of the serotine
colonies over a period of nearly 20 years showed that when attics are restored by the owners without the help of the bat rescue
network, the probability of a departure of colony is greater. In addition, monitoring reduces the occurrence of an unsympathetic
building restoration.

Key words: habitat selection, distribution, local wildlife, protection, Eptesicus serotinus

INTRODUCTION

Although legally protected in European countries
through national or European laws (Council Direc -
tive, 1992; Convention on Migratory Species,
1985–2008, and Agreement on the Con ser vation of
Populations of European Bats), many European bats
are endangered throughout much of their range
(IUCN, 2011). Numerous causes of this situation
have been identified and include the availability of
suitable foraging habitats (Walsh and Harris, 1996;
Kunz and Fenton, 2003), agricultural practices that
use toxic pesticides (Dunsmore et al., 1974; Swane -
poel et al., 1999; Wickramasinghe et al., 2004),
emerging infectious diseases (Frick et al., 2010;
Puechmaille et al., 2011), and roost destruction and
disturbance (Mitchell-Jones et al., 2007). However,
land use changes are often considered to be the prin-
cipal cause of population decline in many bat species

(Battersby, 2010). The life history of bats is charac-
terized by low fecundity and high long evity, and this
K-strategy has been selected in a stable environ-
ment. Thus, bats are particularly vulnerable to envi-
ronmental changes that lead to reduced demo-
graphic parameter values (Walsh and Harris, 1996;
Kunz and Fenton, 2003). Therefore, an accurate de-
scription of the habitat requirements of threatened
species, such as bats, is a key part of conservation
man agement (Walsh and Harris, 1996).

The great majority of studies dealing with habi-
tat preferences have been based on intensive proto-
cols, such as radio-tracking (Robinson and Steb -
bings, 1997; Goiti et al., 2003; Davidson-Watts et
al., 2006; Flaquer et al., 2008). These methods often
involve animal handling, such as capture during
mist-net sessions, which can be controversial ap-
proaches when species are endangered and/or sensi-
tive to disturbance. This is particularly the case for
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A recent bat survey reveals Bukit Barisan Selatan Landscape as a chiropteran

diversity hotspot in Sumatra
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Bukit Barisan Selatan National Park is one of the last refuges protecting intact forest and a representative mammalian fauna in
Sumatra. However, knowledge of bat diversity in the area is limited. From 2010 to 2012, 47 bat species were recorded through 
a series of surveys in 12 localities within and around the national park. An additional six species from the area were identified from
the mammal collection of the Museum Zoologicum Bogoriense, Indonesia. At least seven of the species reported in this study are
new records for Sumatra, including Kerivoula krauensis, K. lenis, K. minuta, Murina rozendaali, Myotis horsfieldii, Myotis cf.
borneoensis, and Rhinolophus borneensis/celebensis. Moreover, a finding of two distinct morphs of Chironax melanocephalus 
coexisting in the study area indicates another possible undescribed species. With 60 species, we consider Bukit Barisan Selatan
Landscape to be a Southeast Asian bat diversity hotspot and of critical importance in maintaining bat diversity in Sumatra.

Key words: Chiroptera, new record, lowland rainforest, Indonesia, identification keys, coffee agriculture

INTRODUCTION

Over a quarter of the world’s bat species are
found in Southeast Asia, where over 340 spe-
cies make up nearly 30% of the mammalian fauna 
of the region (Kingston, 2013), and contribute 
significantly to species richness and endemism at
both local and regional levels. For instance, at 
the local level, over 62 species are known from 
just a three km2 area of lowland dipterocarp rain-
forest in peninsular Malaysia (Kingston et al., 
2003, 2006). At the regional level, more than 70
species have been recorded from the Philippines 
(of which 23 are endemic) (Ingle and Heaney, 
1992; Esselstyn, 2007), 96 species from the island 
of Borneo (Stru e big et al., 2010), and 119 from
Thailand (Bum rungsri et al., 2006). Moreover, 
7% of South east Asia’s species have been describ-
ed since 2000 (Kingston, 2013), and species discov-
ery rates are likely to remain high, particularly 
with greater use of molecular techniques (e.g.,
Francis et al., 2010; Khan et al., 2010), and 

collaborative efforts across species’ ranges (Kings -
ton, 2010).

Indonesia is an archipelago of more than 17,500
islands and hosts the highest reported species rich-
ness of bats for any country in the world, with the re-
cently-described Thoopterus suhaniahae (Maryan to
et al., 2012), revised Myotis bartelsi and Myotis 
we beri (Csorba et al., 2014) bringing the count to
221 spe cies (IUCN, 2013, but excluding M. formo -
sus — see Csorba et al., 2014). Within the archipel-
ago, Su matra supports the greatest mammalian di-
versity of any island (Suyanto et al., 2002; Sim mons,
2005), but few studies have focused on Sumatra’s
chiropteran diversity. Van Strien (1996) reviewed
publications on Sumatra’s mammal fauna and gen-
erated the first checklist for Sumatran bats and re-
ported 65 species. Another 16 species were later
suggested for Sumatra and nearby offshore islands
(Suyanto et al., 1998, 2002; Simmons, 2005; Boi -
tani et al., 2006). However, the 80 species cur rently
recognized for the island is likely an underestimate
as prior survey work did not deploy harp traps which



INTRODUCTION

Understanding food webs is a central question in
ecology (Montoya and Solé, 2002). Predator-prey
interactions have long captured researchers’ atten-
tion because of the important impacts that these in-
teractions have both on prey and predator population
dynamics and on the functioning of the complete
ecosystem (Lima, 1998). The selection of a particu-
lar prey is a complex decision process that results
from integrating factors such as prey size, density,
and availability (Griffiths, 1975; Symondson, 2002).
Direct observations of feeding events are often dif-
ficult in the field and diets are studied convention-
ally by the morphological identification of remains
in faeces which many times is a challenging task due
the effect of mastication and digestion processes on
these remains.

In recent times molecular and particularly, PCR-
based techniques have proven to be highly effective
and versatile for studying diets and are likely to 
rapidly displace other approaches (Symondson,
2002; Carter et al., 2006). PCR-based techniques
target preys DNA in predators’ faeces. Nevertheless,

detecting and amplifying degraded or semi-digested
DNA is not always an easy task mainly due to the
presence in faeces of both reaction inhibitors and
multiple DNA templates. Besides, due to its higher
proportion, the predator’s DNA can swamp the re-
sult of the PCR amplification, although this problem
can normally be avoided using species or group-
specific primers that exclusively target prey DNA
sequences (King et al., 2008). As a result, prey iden-
tification through the amplification of the prey’s
DNA is now possible even from highly degraded
samples such as faeces, guts content or regurgitates
(Zeale et al., 2011). This possibility is changing the
perspective of diet studies, and in fact the approach
has allowed identifying prey species in a variety of
biological remains from spiders (Agustí et al., 2003)
to pinnipeds (Parsons et al., 2005), Macarony pen-
guins (Deagle et al., 2007) or bats (Clare et al.,
2009; Zeale et al., 2011; Alberdi et al., 2012).
Mitochondrial DNA (mtDNA) has been widely em-
ployed in species identification due to its relative
abundance and high mutation rate, which facilitates
the distinction between species, even between
closely related species (Brown et al., 1979). For this
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A molecular approach to the study of avian DNA in bat faeces
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The molecular identification of prey in faeces is an efficient non-invasive technique to study diet which requires both a satisfactory
method of DNA extraction and the design of specific primers to selectively amplify prey’s DNA. In this study we evaluated and
compared the efficiency of two total DNA extraction methods and five primer pairs for the molecular identification of birds from
scats, in particular from the giant noctule bat (Nyctalus lasiopterus). A modified DNA stool Mini Kit of Qiagen was tested against
a modified silica method with a guanidinium thiocianate (GuSCN) applied after freezing and pulverizing the samples. We also
checked two published vertebrate- and bird-generalist primer pairs and three bird-specific primer pairs designed by us (two pairs
targeting the cytochrome b and one the cytochrome oxidase subunit I genes) that amplified shorter DNA fragments. The results show
that pulverizing the scat remains before extraction was a very important step, presumably facilitating access to the well preserved
DNA located inside the rachis of the feathers. The combination of our bird-specific designed primers showed a higher amplification
rate than the generalist primers and allowed successful bird identification from the feathers excreted by the giant noctule bat in all
the scat samples analyzed, independent of the preservation method used (dried and frozen). These methodological improvements
will allow not only the study of the avian diet composition of the enigmatic giant noctule, but the extension of this methodology to
other bird predators such as raptors.

Key words: giant noctule bat, faeces, DNA extraction, conservation, primer design, bird DNA, amplification success
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