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A new species of pipistrelle bat (Chiroptera: Vespertilionidae) from southern Arabia
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A new species of the genus Pipistrellus is described from the Dhofar region, southern Arabia. The new species occurs in a very
limited area lesser than 1,000 km2, situated in the belt of relative humid savannah habitats of coastal Arabia between easternmost
Yemen and south-western Oman. This bat represents the eighth pipistrelle species known from Arabia and fourth bat species
endemic to southern Arabia. The new species is positioned morphologically and genetically very close to the group of the Oriental
species of the genus Pipistrellus and represents the westernmost offshoot of the Oriental vespertilionid bat fauna, isolated for more
than 1,500 km across the Indian Ocean from the area of continuous distribution of this fauna in the Indian Subcontinent.
Key words: mtDNA, morphometry, taxonomy, pipistrelle bats, Middle East

INTRODUCTION
In Arabia, pipistrelle bats or dwarf vespertilionid
bats are represented by four genera, Pipistrellus
Kaup, 1829, Hypsugo Kolenati, 1856, Neoromicia
Roberts, 1926, and Vansonia Roberts, 1946. Only
one species of the genus Neoromicia is known from
the Peninsula, N. guineensis (du Bocage, 1889);
it occurs only marginally in south-western Yemen,
i.e., in the Afro-tropic corner of Arabia (Benda et
al., 2011a). Vansonia rueppellii (Fischer, 1829) is
known from two separate and limited areas in
northern Arabia, Palestine in the west and lower
Mesopotamia in the east (Harrison and Bates, 1991).
Species of the two remaining genera are widely
distributed in both eremic and arboreal parts of the
Peninsula. Pipistrellus pipistrellus (Schreber, 1774)
and Hypsugo savii (Bonaparte, 1837), both broadly
distributed in the European, Maghrebian and Asian
sections of the Mediterranean, are known from the
arboreal habitats of north-western Arabia, from
Palestine, Lebanon, and Syria (Harrison and Bates,
1991; Benda et al., 2006, 2010; Horáček et al., 2008).
Two other Hypsugo species occur in restricted areas
of the semi-eremic parts of the Peninsula; H. ariel

(Thomas, 1904) is known from the western part of
Arabia, it lives in the belt between Palestine and
south-western Oman and in Egypt (Benda et al.,
2008, 2010, 2011a), and H. arabicus (Harrison,
1979) is known from eastern Arabia, it occurs in the
Al Hajar Mts., north-eastern Oman, and also in
south-eastern Iran (Harrison and Bates, 1991; Benda
et al., 2011a, 2012). Pipistrellus kuhlii (Kuhl, 1817)
is the only bat widespread across the Peninsula
(Harrison and Bates, 1991), it occurs in all parts of
Arabia, including central areas of the Arabian
Desert, mountains of western Yemen and Saudi
Arabia, or coastal regions of north-eastern Oman.
The only Arabian area, from which P. kuhlii is
absent, is the Dhofar region on the Omani-Yemeni
transition, in the central part of the south-Arabian
coastal zone.
The mountainous Dhofar region (ca. 1,500 km2)
represents an island of tropic savannah vegetation
isolated from the rest of the Arabian mainland by
harsh deserts of the Empty Quarter. Due to direct
exposition to the south-Asian summer monsoon,
the phenology of the region sharply contrasts with
the climatic cycles of other parts of southern Arabia
(Sale, 1980). The bat fauna of Dhofar comprises
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Pteropids are large, highly mobile bats that are distributed widely across islands of the Pacific and Indian Oceans, southern Asia,
and Australia. Dispersal behaviors and colonization patterns of pteropid species among oceanic islands are poorly known. In the
southern Pacific, Pteropus samoensis and P. tonganus have partially overlapping ranges, existing in sympatry on the Samoan and
Fijian archipelagos. These species exhibit differences in morphology and roosting behavior, with P. samoensis being smaller and
tending to roost solitarily or in small groups. Here, we use genetic data to explore whether these species also exhibit differences with
regard to patterns of population genetic structure within and between these archipelagos. Phylogenetic analyses of mitochondrial
DNA are consistent with earlier morphological recognition of different subspecies of P. samoensis on the Samoan vs. Fijian
archipelagos. Patterns of mtDNA haplotype sharing suggest that P. tonganus experiences restricted gene flow between, but not
within archipelagos, while P. samoensis shows significant structuring both between and within archipelagos. Species-level
differences in patterns of population structure among islands within archipelagos may be due to interspecific differences in
morphology, roosting ecology, and/or feeding ecology that can be affected by human influences. Our results directly bear on the
conservation of these species, suggesting that (1) populations of both species from the archipelagos of Samoa and Fiji should each
be considered as separate conservation units, (2) P. samoensis are much less likely than P. tonganus to naturally supplement local
populations through inter-island dispersal, and (3) P. tonganus may experience more severe population bottlenecks during and
following cyclones resulting in lower mitochondrial genetic diversity than in P. samoensis.
Key words: dispersal, Fiji, phylogeography, population genetics, Pteropus samoensis, P. tonganus, Samoan archipelago, South Pacific

INTRODUCTION
Old World fruit bats (family Pteropodidae) are
highly mobile animals that often occupy large home
ranges. Dispersal behaviors and colonization patterns of these bats across island chains in the South
Pacific are not well documented, because it is extremely difficult to monitor inter-island movements
using traditional tracking methods such as radio
telemetry or mark-recapture techniques. Pteropus
vampyrus, one of the largest pteropid species, is
known to travel hundreds of kilometers between
roosting sites across southeast Asia within a year
(Epstein et al., 2009), with one bat traveling 130 km
over a 2-hour period. Less is known about the role
of open ocean as a barrier to pteropid dispersal
among islands, particularly for smaller species such

as P. samoensis and P. tonganus. Molecular techniques can help us to understand the colonization
history of bats among isolated populations, as well
as more recent migration patterns (e.g., O’Brien
et al., 2009; Almeida et al., 2014). The goal of
this study is to investigate and compare patterns
of population structure in two sympatric species
of Old World fruit bats, P. samoensis and P. tonganus, on the archipelagos of Fiji and Samoa (here,
our use of the terms ‘Samoan archipelago’ and
‘Samoa’ are inclusive of the U.S. territory of
American Samoa and the Independent State of
Samoa). The two species have similar body sizes
and wing morphologies (Richmond et al., 1998),
and broad overlap has been noted in their plant
resource use although P. tonganus has been found
to feed more often in agroforest and to consume
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The California myotis (Myotis californicus) and the western small-footed myotis (Myotis ciliolabrum) are largely sympatric in
western North America, and are especially similar morphologically such that only subtle features of their skull distinguish the two
species. Previous analysis of mitochondrial DNA (mtDNA) sequence data resulted in paraphyly of these two species. Our objective
was to examine genetic differences in nuclear loci between M. californicus and M. ciliolabrum, investigate their relationship with
M. leibii, and to address the conflicting morphological and mtDNA data sets. We analyzed 198 amplified fragment length
polymorphism (AFLP) fragments from 17 M. californicus, 16 M. ciliolabrum, and 10 M. leibii using principal coordinate (PCoA),
neighbor-joining, Bayesian, and parsimony analyses. Our analyses recovered well-supported separation of M. californicus and
M. ciliolabrum based on nuclear markers, suggesting the failure of the mitochondrial markers to recover monophyletic lineages was
due to a lack of lineage sorting. Unexpectedly, M. ciliolabrum was paraphyletic with respect to M. leibii individuals from the eastern
United States. In conclusion, our analysis of nuclear AFLP markers recovered distinct genetic lineages or clusters that corresponded
to the recognized species defined by morphology, M. californicus, M. ciliolabrum, and M. leibii. We propose that these divergences
are somewhat incomplete and the divergence between M. ciliolabrum and M. leibii occurred more recently than the speciation events
separating the currently sympatric species M. californicus and M. ciliolabrum.
Key words: amplified fragment length polymorphism, AFLP, Myotis californicus, M. ciliolabrum, M. leibii, North America

INTRODUCTION
Myotis californicus, the California myotis, and
Myotis ciliolabrum, the western small-footed myotis, are broadly sympatric in western North America. Another close relative, Myotis leibii, the eastern
small-footed myotis, lives in eastern North America,
and there is no geographic overlap between the two
western species and the one eastern species (Fig. 1).
These crevice-roosting species rarely are encountered in large numbers, as are other species of cavernicolous Myotis, making them relatively uncommon
across their range (O’Keefe and LaVoie, 2011;
Ammerman et al., 2012). Furthermore, capture rates
of M. leibii have declined greatly in recent years
presumably due to mortality caused by white-nose
syndrome (Moosman et al., 2013). Morphologically,
these three vespertilionids are very similar; however, they can be distinguished using select characteristics (van Zyll de Jong, 1984). Van Zyll de

Jong (1984) presented morphological evidence to
separate M. ciliolabrum from M. leibii, and electrophoretic data was used to support this taxonomic
elevation (Herd, 1987). The slope of the forehead
and degree of dorsoventral flattening of the skull
varies among the three species. Myotis californicus
has the steepest slope, M. ciliolabrum a moderate
slope, and M. leibii the most gradual forehead slope
(van Zyll de Jong, 1984). While these features make
the species distinguishable, they only can be used
with prepared skulls and are not helpful for species
identification in the field.
The features most frequently used to identify
M. californicus and M. ciliolabrum are pelage and
facemask color and measurements of the hind foot,
thumb, forearm, and ear length. However, measurements often overlap, and these species appear to
show regional variation in their morphology such
that characters used to distinguish between species
in one region work poorly in another (Bogan, 1974;
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Bats display marked seasonality throughout the temperate zone and use different habitats during different parts of the year.
Unfortunately, detailed information regarding seasonal distribution and movements is often lacking, thereby hampering the
development of adequate conservation measures. In this study we used radio telemetry to track females of the endangered
Bechstein’s bat (Myotis bechsteinii) from autumn swarming sites to their summer maternity colony ranges. We were able to tag
22 individuals, 18 of which were subsequently recovered at nine roost sites up to 20.6 km away. Females from multiple colonies
visited the same swarming site on a single night. Concurrently, we recovered females from a single maternity colony at different
swarming sites on the same night. The catchment area of the investigated swarming sites measured 27.1 km2, and was skewed to the
northwest. Tagged bats were recovered in forest fragments ranging in size from 5.42 to 128.98 ha. Notably, all but one of the
recovered roosts were found in forests that have been continuously wooded since at least 1775. Surveys during the summer at these
sites confirmed the presence of maternity colonies at six out of seven locations that could be investigated. Our study contributes to
our understanding of swarming behavior and seasonal movement patterns, and exemplifies how these can be used to complete the
year-round habitat use of bat species.
Key words: telemetry, Myotis, hibernation site, swarming site, Myotis bechsteinii, radio tracking, ancient forest

INTRODUCTION
Many mammal species have distinct seasonal
cycles, and use different habitats during different
periods of their annual cycle (Marra et al., 2015).
Therefore, to understand the threats faced by such
species and ensure their conservation, a concerted
effort must be taken to identify and characterize
their seasonal habitat use. However, despite the importance of seasonal cycles, there is often a bias towards research during the breeding season in ecology and conservation biology (Marra et al., 2015).
Many of the most endangered mammal species in
Europe are bats (Temple and Terry, 2009), which
display marked seasonality throughout the temperate
zone (Bradbury, 1977). This annual cycle consists
of three main phases: a winter hibernation phase,

a summer maternity phase and an autumn mating
phase. For many species, these phases are coupled
with the use of different habitats (e.g., forests in
summer and underground sites in winter), and
sometimes require local or long-distance migration
between them (Steffens et al., 2007; Segers and
Broders, 2015). However, detailed information regarding their seasonal distribution and movements
is often lacking (Holland and Wikelski, 2009), complicating conservation efforts.
The Bechstein’s bat (Myotis bechsteinii) is considered to be rare throughout its range (Dietz and
Kiefer, 2014), although it may also be underdetected in many areas due to its cryptic behaviour.
In winter, Bechstein’s bats hibernate primarily in
deep crevices or karst formations, and as a result
are often unseen and vastly underestimated during
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Mount Nimba, covering 674 km2, straddles Liberia, Guinea and Côte d’Ivoire (Ivory Coast) in West Africa and is situated in the
transition zone between the tropical forest zone to the south and moist woodlands to the north. Mount Nimba supports an exceptional
biodiversity, with a number of endemic plants, invertebrates and vertebrates restricted to the massif, including the bat Hipposideros
lamottei. Previous surveys suggested a high bat richness of 41 species associated with the mountain. During a series of surveys
conducted in 2008–2012, we found that the bat diversity in this region far surpasses earlier figures and currently is 59 species.
At least one bat species is entirely restricted to the mountain, with several other near-endemics or Upper Guinea forest endemics.
Three species are listed as threatened by the IUCN, including one Critically Endangered. Furthermore, the conservation statuses
of nine taxa have yet to be evaluated by the IUCN, several of which are recently described species and are likely to be threatened.
This study highlights the irreplaceability of Mount Nimba for the conservation of bat diversity on the African continent, and draws
attention to its protection.
Key words: Mount Nimba, West Africa, hotspot, bat diversity, conservation

INTRODUCTION
Mount Nimba, straddling Liberia, Guinea and
Côte d’Ivoire (Ivory Coast) in West Africa, is situated in the transition zone between the tropical forest zone to the south and moist woodlands to the
north. Mount Nimba supports an exceptional biodiversity, with a number of endemic plants, invertebrates and vertebrates restricted to the massif
(Brosset, 2003; Lamotte and Roy, 2003; Wieringa
and Poorter, 2004; Sandberger et al., 2010; Denys
and Aniskine, 2012). Highland areas above 1,000 m
are limited to a few isolated peaks and mountain
ranges in West Africa, and as a result, levels of
endemism are very high in these areas. For example,
two species of freshwater crabs (Liberonautes lugbe
and L. nimba), a dragonfly (Paragomphus kiautai),
and a rather unusual amphibian (Nimbaphrynoides occidentalis), the only viviparous frog on
earth, are all endemic to Mount Nimba (Lamotte
and Roy, 2003; Sandberger et al., 2010). Plant
species diversity is very high, and a significant
number of plants are endemic to Mount Nimba

(Wieringa and Poorter, 2004; Marshall and Hawthorne, 2013).
The importance of Mount Nimba for the conservation of West African mammals has long been acknowledged (Coe, 1975; Brooks et al., 2001). At
least two species of mammals are endemic to the
wider region: the otter shrew Micropotamogale lamottei (Vogel, 1983) and the bat Hipposideros lamottei (Brosset, 1985). In addition, several bat species have highly restricted global distributions
centred on the mountains and highlands stretching
from Guinea through Sierra Leone and Liberia up to
western Côte d’Ivoire (Ivory Coast) including Hipposideros marisae and Rhinolophus ziama (Rosevear, 1965; Fahr et al., 2002; Fahr, 2013a).
The mammals of Mount Nimba have been surveyed extensively over the past few decades, with
a few surveys explicitly focussed on bats. On the
Liberian side of the mountain, bats have been surveyed on four previous occasions; all four surveys
were conducted within the limits of the former
LAMCO concession (see Coe, 1975 for a map
of this area). The first was by Coe (1975) who
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Among the many anthropogenic modifications to earth’s ecosystems, habitat loss and degradation pose the most immediate threat
to many biota. The predicted consequences of fragmented habitats include lower species diversity, smaller population sizes,
disrupted gene flow, increased drift and inbreeding and increased differentiation between neighbouring populations; all of which are
thought to be further enhanced in species with low dispersal abilities. These factors, especially when occurring in tandem, can lead
to an increased risk of extinction. To examine the genetic consequences of habitat fragmentation we selected an isolated population
of a sedentary woodland specialist species (Rhinolophus hipposideros) to act as an indicator of disruptions to landscape level
connectivity. Based on 491 individuals from 37 colonies our results revealed the presence of a broad North-Range/South-Range
differentiation within this species in Ireland; a finding supported across datasets (mtDNA and nuclear microsatellites) and analyses.
Analyses of echolocation data and microsatellites suggested further differentiation of the northern-most colonies. A landscape
genetics framework to assess the impact of habitat versus geographic distance on population differentiation showed that habitat
features (at a five km resolution) were equally likely to be correlated with differentiation as geographic distance considered alone.
Further differentiation of the geographically disjunct groups is likely to occur in the future. The viability of either group alone is
uncertain given their restricted distribution, small population sizes (based on census data and Ne estimates) and isolation. Roost
provision and habitat restoration in the geographic region separating the differentiated groups will be fundamental to the
recolonization of this area and the reestablishment of connectivity between the regional groups.
Key words: Anthropocene, connectivity, conservation, Rhinolophus hipposideros, extinction risk, population decline, landscape genetics

INTRODUCTION
The negative manmade impacts on earth’s
ecosystems are now well documented and include
habitat loss and fragmentation, pollution (including
light pollution), species reductions and extinctions,
alien species introductions and disease transmission
(Vitousek et al., 1997). Although some synanthropic
species and others which are predicted to experience
range expansions in light of global warming may
benefit from human induced changes (e.g., Ancillotto et al., 2016; Uhrin et al., 2016), these will be
the exception rather than the rule (Rebelo et al.,
2010; Sherwin et al., 2013; Voigt and Kingston,
2016). Bats are especially at risk due to their slow
reproductive rate, high metabolism necessitating
elevated food requirements, and longevity (Voigt
and Kingston, 2016). The most significant global

challenges for conservation are anthropogenic habitat loss and fragmentation, human-induced climatic
changes and the interaction between these two
(Opdam and Wascher, 2004; Tylianakis et al., 2008).
However, the threshold beyond which species severely decline or become extinct is predicted to be
reached sooner for habitat loss, considering climate
change, habitat fragmentation and the combined
effects of these (Travis, 2003). Fragmented habitats
reduce the available foraging and roosting areas and
the distances between fragmented patches can act as
barriers and impede exchange between habitat islands. Genetic consequences of habitat fragmentation include increased genetic drift, inbreeding,
population differentiation and increased risk of extinction. Smaller habitat patches are known to support lower species diversity and smaller population
sizes (Ewers and Didham, 2006; Struebig et al.,
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Freshwater systems have been profoundly changed by the construction of dams, and the influence of dams on bat activity is poorly
understood. In this study, we analyzed the effects of small dams along mountain streams on local bat communities. This work was
carried out in five small streams located in the NE of Portugal using bioacoustic surveys during the summer of 2011. The present
study confirms that, in the northeast areas of Portugal, the majority of bat species use artificial bodies of water for either drinking
or foraging, but species differed in terms of their activity levels over the reservoirs when compared with intact stream habitats. As
predicted, small dams in the study area were important centers of overall bat activity relative to other sampling areas. At the same
time, feeding activity was also higher in the flooded areas. We also found that Pipistrellus pipistrellus, Myotis daubentonii,
Pipistrellus kuhlii, Pipistrellus pygmaeus/Miniopterus schreibersii, Tadarida teniotis and Nyctalus leisleri/Eptesicus serotinus
benefited from the presence of dam reservoirs. Hypsugo savii activity was also mostly recorded at reservoir points. However, the
highest number of endangered and rare species was recorded at an intact stream habitat. This result emphasizes the relevance of
riparian habitats for bats, especially for the most endangered species. The relationship between dam availability, riparian quality and
bat diversity suggested that the changes in the streams promoted by damming could affect both bat species richness and activity
levels, leading to changes in the overall composition of the bat community. In conclusion, this study found that small reservoirs have
a significant influence on bat activity. However, dams appear to primarily benefit the most common species, while the endangered
species were associated with riparian habitats. Therefore, for conservation proposes of the local bat community, riparian areas appear
to be more important than reservoirs. Thus, this study provides a better understanding of the impact of small dams on bats
contributing to the future management and conservation of bat species.
Key words: echolocation, Anabat, dams, water reservoirs, riparian habitats, bat activity, Pipistrellus, Myotis

INTRODUCTION
Over the years, dams of different sizes and
shapes have been constructed to supply water for
different human activities and/or to regulate flood
regimes. Currently, dams obstruct more than twothirds of worldwide freshwater streams, causing
drastic changes to riparian habitats (Nilsson and
Berggren, 2000). In Europe, there are over 2000
large dams and many thousands of small dams
(EEA, 2008). Due to water scarcity that affects
some European countries or the use of dams as
an alternative source of energy in relation to
fossil fuels, there is a continuous governmental

investment in the construction of this type of infrastructures.
Modifications of hydrological regimes and habitat conditions associated to dams affect species diversity of animal assemblages and population sizes
of particular species. The flooding of stream valleys
resulting from dam constructions may have a potential benefit for some groups such as mustelids
(Sidorovich et al., 1996), wetland birds, especially
waterfowl (Kingsford, 1992; Nummi, 1992), some
amphibians (Russell et al., 1999; Dalbeck et al.,
2007), cyprinid fish (Collen and Gibson, 2000),
lentic insects (e.g., dragonflies and chironomids),
some bivalves, leeches, oligochaetes and some
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Artificial ponds are important foraging and drinking resources for bats at La Michilía, a temperate forest with a marked seasonal
drought. Using acoustic data we tested the hypothesis that water availability restricts bat activity in the dry season to ponds, whereas
in the rainy season resources are widely available and therefore used throughout the area. We compared bat activity at six ponds with
that of a 500-meter transect perpendicular to each pond. We predicted that activity would be higher at ponds in the dry season,
whereas in the rainy season activity should be equal or higher at transects. Also, all species guilds would use ponds in the dry season,
whereas gleaners, edge aerial and open aerial foragers would be more frequent at transects in the rainy season. In no instance activity
was higher at transects than at ponds during the rainy season. Open areas showed little or no bat activity in the dry season, but were
very active in the rainy season. One transect located in dense forest and one near human dwellings were active both seasons. Open
aerial foragers were present mostly on ponds in the dry season, and on ponds and transects in the rainy season; edge aerial bats were
common in ponds in the dry season, but rare in transects in the rainy season. Trawling bats used ponds and transects in both seasons;
and gleaners were rare over ponds and transects in both seasons. Because bats use the local habitat differently depending on season
and feeding guild, and climate and seasonality vary greatly in Mexican temperate forests, conservation strategies can not be
generalized, but should be implemented on a case-by-case basis.
Key words: acoustic monitoring, Chiroptera, echolocation, foraging activity, protected areas, seasonal environments

INTRODUCTION
A good understanding of how bats use resources
in anthropogenically modified landscapes is critical
for implementing appropriate conservation and
management strategies. The Sierra Madre Occidental (SMO) is the largest mountain range in Mexico,
spanning almost 1,200 km from Sonora to Jalisco
states. Historically, the highlands of the SMO were
covered by temperate forests dominated by pine and
pine-oak associations. Even now, they constitute the
largest forested area in Mexico, and contain the
highest plant diversity of the country (GonzálezElizondo et al., 2012).
Timber production was the main economic activity in the region for at least 100 years. In areas with
little or no timber management, logging is no longer
profitable and thus it has been combined with, or

replaced by, cattle and goat ranching. However, in
many areas cattle are free-ranging, with no fencing
or rotation of grazing areas. These practices have resulted in considerable soil and forest deterioration
(Echavarría-Chairez et al., 2010). One such area is
La Michilía biosphere reserve, located in the highlands of southern Durango State (CONANP, 2015).
La Michilía has a core area where no human activities are permitted and a buffer zone where economic
activities take place (Halffter, 1978; Gómez-Pompa
and Dirzo, 1995). The buffer area has undergone intense logging and ranching activities for at least 35
years. Because the area has a marked dry season
during which most natural water sources dry out,
ranchers have constructed a number of artificial
ponds, locally known as ‘bordos’.
In a previous analysis (López-González et al.,
2015) we addressed the importance of bordos for
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Habitat use by the endemic Malagasy bat Hipposideros commersoni in a littoral forest
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We investigated habitat use by the endemic Malagasy bat Hipposideros commersoni in evergreen littoral rainforest during the wet
season in 2006, in order to better inform conservation guidelines. We used radiotracking to locate roosting and foraging sites. Roosts,
typically 5.4 ± 0.2 m from the ground, were always occupied by single bats and were found on branches of trees with a diameter at
breast height of 8.2 ± 0.7 cm. Home range size was 31.8 ± 9.2 ha for males and 41.7 ± 12.9 ha for females. Roosts were always
located within the foraging areas and only five (5.4%) of the 91 located were situated outside the sheltered littoral forest. Foraging
bats made greatest use of natural, sheltered littoral forest and relatively few foraging sorties occurred beyond the forest edge.
Females were not trapped during January and may undergo local movements at that time. There are no known caves in the vicinity
of the study area and H. commersoni roosted only on trees. Previous studies in Madagascar have highlighted the importance of caves
for bats and we now extend this to include tree roosts, within the evergreen rainforest.
Key words: forest dependency, habitat use, Hipposideros commersoni, home range, Madagascar, radiotracking, Tampolo

INTRODUCTION
Disturbance to key roosting and foraging habitats
is a major threat to 15.8% of the 1,150 bat species
categorized as threatened on the IUCN Red List
(IUCN, 2012). However, habitat requirements of
bats are relatively poorly understood because they
use a variety of habitat types for roosting and foraging, and are also able to fly considerable distances
in a relatively short time. Knowledge of how bat
species interact with their habitats, both on temporal
and spatial scales, is therefore required to assist
the development of conservation strategies (Ball,
2002; Mickleburgh et al., 2002; Warren and Witter,
2002).
Most Malagasy bats roost in natural rock cavities
or artificial cavities in buildings (Racey et al.,
2009), but a few, like Myzopoda aurita and Pteropus
rufus, use vegetation (Ralisata et al., 2015 and MacKinnon et al., 2003, respectively). Although cavity
roosts feature prominently in bat surveys on the island, there are relatively few studies on the ecology

of roosting bats (Cardiff, 2006; Olsson et al., 2006).
Foraging habitats are similarly poorly described for
Malagasy bats, but Goodman et al. (2005) suggested
that most species in the west of the island are not
forest-dependent because roosts were located in sites
lacking significant intact forest cover. In contrast, in
eastern Madagascar, where there are fewer caves and
crevices, it is of interest to determine the relative
dependency of bats on the remaining rainforests.
Hipposideros commersoni, with a body mass of
ca. 73 g and a forearm length of ca. 94 mm (Goodman, 2011), is the largest insectivorous bat in Madagascar. Although once thought to occur in mainland
Africa, where it was described as a perch hunter
(Vaughan, 1977), recent taxonomic refinements
classify it as a Malagasy endemic (Simmons, 2005)
and refer the African species to Hipposideros vittatus (Monadjem et al., 2010). Widely distributed
throughout the island, except on the central highlands, the species is classified as Near Threatened on
the IUCN Red List because of habitat loss and
its exploitation as bushmeat, as hunting is widely
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Bats attend to plant structures to identify roosting sites
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More than half of the extant bat species rely on plants as roosts. Nevertheless, it is largely unknown how bats find these roosts and
whether they use characteristic plant structures for their identification. The bat Kerivoula hardwickii regularly roosts in damaged
pitchers of the carnivorous pitcher plant Nepenthes bicalcarata. These pitchers are characterized by two sharp, long thorns directly
above the pitchers’ opening. In two behavioural experiments we tested, if 1) the length of the thorns or 2) the distance between thorns
and pitcher opening has an attractive or deterrent effect on K. hardwickii. The bats preferred pitchers with longer thorns while the
distance between thorns and pitcher opening did not influence them. This shows that the bats are not deterred by the thorns.
It also suggests that they do not exploit the pitchers’ thorns as a protection against being preyed on while roosting. In this case the
bats should have chosen pitchers with thorns close to the pitcher’s opening that provide the most effective protection. Instead,
K. hardwickii seem to use the thorns as identification cues to find suitable roost sites. Generally, our study suggests that bats even
attend to plant structures that do not provide them with a direct benefit.
Key words: roost finding, bat-plant interaction, Kerivoula, Nepenthes, pitcher plant

INTRODUCTION
Many animal species including bats rely on shelters to hide from predators (Manser and Bell, 2004),
to minimize effects of adverse climatic conditions
(Schwarzkopf and Alford, 1996; Shimmin et al.,
2002) and to engage in social interactions and information transfer (Wilkinson, 1992; Kerth et al., 2003;
Kerth, 2008). To ensure optimal roosting conditions
in a changing environment and due to changing
physiological demands, many bats are forced to
regularly switch and select new roosts (Kerth et al.,
2001; Bartonička and Řehák, 2007). This is especially true when roosts are ephemeral as it is often
the case in plant structures (Chaverri et al., 2010)
that are used by more than half of the extant bat
species (Kunz and Lumsden, 2005). Despite the
importance and fitness relevance of roosts (Chaverri
and Kunz, 2011), how bats find new roosts is poorly
understood (Ruczyński et al., 2007). Most bat species are group living (Kerth, 2008) and it has been
shown that individuals of some of these species
use vocalizations of their conspecifics to find new
roosts (Ruczyński et al., 2007; Chaverri et al., 2010;
Schöner et al., 2010; Chaverri and Gillam, 2013).

However, how individual bats initially find new
roosts and which roost attributes are relevant for
roost location and identification is barely understood.
This is especially true for solitary bats: they cannot
rely on the help of their conspecifics resulting in increased selective pressure to find and identify new
roosts when the former roosts are no longer suitable.
One possible explanation for how bats find and
identify their roosts in plant structures is that they
cue in on such characteristic structures. Many plant
species intentionally advertise their presence with
conspicuous signals and structures to attract beneficial animal species (Hossaert-McKey et al., 2010)
including bats (von Helversen and von Helversen,
1999; Simon et al., 2011) or to deter harmful ones
(Huang and Renwick, 1994; Schaefer et al., 2004).
However, such traits can also be exploited by animals for their own advantage, e.g., when plants produce volatiles for certain pollinators but instead
attract herbivores (Andrews et al., 2007; Cha et al.,
2011). In bats it is unknown so far whether they attend to typical plant structures to find and identify
their roost plants.
Here we investigate the role played by the prominent, sharp, thorn-like structures of the carnivorous
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Testing the coexistence of Artibeus lituratus and A. planirostris in
a Neotropical savanna
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Dissimilarity of relevant ecomorphological traits between species is expected to promote coexistence within a community. In this
study, we tested hypotheses concerning differences in occurrence, in periods of activity and reproduction, in morphology and diet
between two sympatric and phylogenetically related bat species (Artibeus lituratus and A. planirostris) in the Cerrado region of
Central Brazil. No differences were found in the occurrence, activity patterns, or breeding season between species. In contrast, the
species presented dissimilar morphological traits and diets (28% of overlap in diet). Our analysis suggests that A. lituratus and
A. planirostris do not compete strongly with each other. This lack of competition between species facilitates coexistence on a local
scale in the studied Neotropical savanna.
Key words: Cerrado, Chiroptera, competition, co-occurrence, niche overlap, Rosario test, savanna

INTRODUCTION
For decades, competition has been treated as the
primary factor structuring ecological communities,
especially with respect to the ecomorphological
traits of constituent species. Competition is believed
to be stronger among more similar species, setting
a limit to the similarity between species within
a community (Case and Sidell, 1983; Strong et al.,
1984; Diamond and Case, 1986). In communities
structured by competition, differences among ecomorphological traits of constituent species should be
greater than expected by chance (Ricklefs and
Travis, 1980). However, additional mechanisms that
could structure ecological communities and that rely
less on competition per se in influencing patterns of
variation in ecomorphological traits among constituent species have been proposed (Willig and
Moulton, 1989). Aspects of the environment (e.g.,
vegetation type, primary production, diversity of
food resources, temperature, precipitation, altitude)
may select traits that are more likely to be shared
among closely related species (Webb et al., 2002).
Moreover, while two similar species may share a resource, they may partition its use across space and
time in a way that alleviates competition between
them (Jacobs and Barclay, 2009). Such mechanisms

can lead to the coexistence of similar and closely related species within a community.
MacArthur and Levins (1967) stated that coexistence is possible when species differ among ecomorphological traits related to foraging behaviour (e.g.,
morphological differences in skull such as shape of
the teeth and muzzle) and diet specialization (McNab, 1970; Kunz, 1973; Amarasekare, 2003). Thus,
the differences among coexisting species must be
sufficient to promote intraspecific competition more
than interspecific competition, not excluding or
even displacing any species when they are in sympatry (Siepielski and McPeek, 2010). Existing studies on the coexistence of species and competition are
biased towards temperate regions and island communities (Willig and Moulton, 1989) and have primarily investigated plants and insects (see Siepielski
and McPeek, 2010; Chesson, 2013). Thus, mechanisms that influence species co-occurrence in tropical regions remain poorly characterized, and further
studies should be conducted to fill this gap (Siepielski and McPeek, 2010).
The Cerrado is the Brazilian name for a biome
composed of many different phytophysiognomies
on a continuum from grasslands to forests but dominated by sav anna-like vegetation. It is located in
central Brazil, covering two million km2 extending
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Sex-specific habitat preferences of foraging and commuting lesser horseshoe bats
Rhinolophus hipposideros (Borkhausen, 1797) in lowland England
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The lesser horseshoe bat (Rhinolophus hipposideros) is a widespread but rare bat in central and southern Europe, having undergone
a dramatic population decline in the 1950s and 1960s. However, an internationally significant population has persisted in the United
Kingdom, which now appears to be increasing. The present study extends previous radio-tracking studies on R. hipposideros to
confirm and extend species-specific habitat management recommendations. It is also the first to radio-track adult males in lowland
England. Thirteen lesser horseshoe bats (eight males and five females, from two maternity roosts) were radio-tracked within and
around the National Trust Sherborne Park Estate, Gloucestershire (UK), between June and October 2003. A total of 2599 fixes were
obtained from active bats, classified as emergence circling (2.7%), commuting (10.3%), foraging (85.2%) and return circling (1.8%).
Although commuting bats were mainly recorded along the edges of fields near to hedgerows or woodlands, more open commuting
routes were also identified. The longest of these (used by a single bat) was in excess of 200 m through long-established open
parkland during the darkest period of the night. Shorter distances (typically 30–100 m) were also flown between mature parkland
trees. It is also notable that, immediately after emergence, a significant number of bats tracked from both maternity roosts crossed
low over an unlit narrow two-lane country road. Habitat selection, assessed using compositional analysis based on the radio-tracking
data, identified a preference for woodland habitats above all others, particularly broadleaf woodland. Wet broadleaf woodland was
used for foraging by five of the 13 tracked bats. Parkland, grazed grassland and un-grazed grassland were also selected. Arable land
was the least selected. This is the first study in which compositional analysis has revealed a preference for grazed over un-grazed
grassland. Grazed grassland was also selected above parkland (only some of which was grazed), suggesting that the presence of
cattle may be more important than mature parkland trees. Low sample sizes prohibited the use of sex-specific compositional
analyses. However, it was still notable that when comparing the sexes, females showed an increased preference for woodland and
a decreased preference for grassland. It is apparent from the present study that lesser horseshoe bats are flexible in their use of
foraging habitat. They are able to forage within habitats other than woodland (such as scrub and isolated trees), and cross open gaps
to reach these areas. However, these foraging situations are likely to be sub-optimal. Landscape management around lesser
horseshoe maternity colonies should focus on optimal foraging habitats. These comprise linear landscape elements (such as hedges,
tree-lines, rivers and woodland edges), woodland, and grazed parkland containing mature trees. Additionally, future conservation
studies should consider both sexes, due to the possibility that sex-specific differences in habitat use exist.
Key words: compositional analysis, conservation, habitat, bat, lesser horseshoe

INTRODUCTION
Bats are the primary consumers of nocturnal
insects (Jones et al., 2009), consuming relatively
large volumes (Kurta et al., 1989) and capable
of travelling long distances to foraging sites (Zeale
et al., 2012). As a result, they are thought to play
a major role in suppressing nocturnal insect

populations, including economically important
species (Cleveland et al., 2006; Williams-Guillén
et al., 2008), and transporting nutrients across
the landscape (Pierson, 1998). They also have enormous potential as bioindicators (Jones et al., 2009).
An understanding of foraging habitat requirements is crucial to determine appropriate land management objectives for bat conservation (Hutson et
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Mating and courtship behaviour of two sibling bat species (Pipistrellus pipistrellus,
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In comparison with Pipistrellus pipistrellus, very little is known about the mating behaviour and hibernation of P. pygmaeus. The
phenology of display and swarming behaviour were studied using bat detectors and mist nettings in the ruins of Nový Hrádek castle
(southwestern Moravia, Czech Republic), where P. pipistrellus and P. pygmaeus hibernate in mixed-species clusters. We hypothesize
that if both pipistrelle species share the same swarming site and hibernaculum they can compete with each other and their mating
and courtship activity can be separate over time. The highest songflight activity was found between mid-August and mid-September.
At the beginning of the mating period, songflights of both species were recorded in the second third of the night, whereas from the
end of September, the peak of display activity moved to the first third of the night. We did not find clear evidence for temporal niche
partitioning between species during autumn mating behaviour at locality of study. Proportion of P. pygmaeus observed in the
hibernaculum was significantly higher than its observed in acoustic recordings and in mist-netted bats. It may show different mating
behaviour between both pipistrelle species. Males of P. pipistrellus produced display calls close to hibernacula, whereas males of
P. pygmaeus probably mate elsewhere, likely before any long autumnal migration near nursery colonies.
Key words: mating, strategies, pipistrelles, swarming, behaviour, hibernation

INTRODUCTION
The sympatric occurrence of morphologically similar (sibling) species is often explained by differences in ecological niches and therefore, by the low
level of competition (e.g., Abrams, 1983). Differences in species behavioural ecology can include
roosting, migration or diet. In Europe, at least four
such examples of niche partitioning between sibling
and sympatric bat species have been described
(Myotis myotis and M. blythii — Arlettaz, 1999;
Plecotus spp. — Preatoni et al., 2011; Myotis mystacinus group — e.g., Bogdanowicz et al., 2012; and
pipistrelles). Pipistrellus pipistrellus, together with
the very similar and closely related soprano pipistrelle, P. pygmaeus, are among the smallest
European bats (Dietz et al., 2007) and have a sympatric distribution across a large part of Europe
(Hulva et al., 2004). During the main mating period
from July to early September, males defend individual territories as mating roosts, attracting females
by making repeated songflights (Barlow and Jones,

1997). In some European countries (e.g., Germany,
Romania, France, the Czech Republic or Slovakia),
large hibernating aggregations of between hundreds
and thousands of pipistrelles are found in natural
caves, mines or buildings (e.g., Lustrat and Julien,
1993; Kretzschmar and Heinz, 1995; Murariu, 1995;
Pčola, 1997; Matis, 2000; Sendor et al., 2000; Matis
et al., 2002; Nagy and Szántó, 2003; Sachteleben
and von Helversen, 2006). Almost all of these aggregations consist of only P. pipistrellus, except two of
them, i.e., Şura Mare cave, Romania (Murariu and
Gheorghiu, 2010) and Nový Hrádek in the Czech
Republic (Kaňuch et al., 2010) where the groups of
P. pygmaeus hibernate. Moreover, a large hibernaculum of P. pygmaeus was recently described in an
unused ventilation duct of a family house in northwest Slovenia (Petrinjak, 2011). Apart from these
records, only solitary individuals were found to occasionally hibernate in buildings (Kaňuch et al.,
2010) or bat boxes (Flaquer et al., 2006). Such a difference in the roost selection strategy is surprising,
especially when the two species share a similar
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Echolocation calls and flight behaviour of the elusive pied butterfly bat
(Glauconycteris superba), and new data on its morphology and ecology
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The pied butterfly bat, Glauconycteris superba, is endemic to the tropical forest zone of Africa, where it was previously known from
only five specimens. Here we report the capture of 10 individuals in two localities of the Democratic Republic of the Congo (Mbiye
Island and Yoko forest reserve), and we present the first acoustic data of the species recorded using a conventional microphone and
a home-made acoustic system for real time 3D localization. Our morphological comparisons show that females are larger and
heavier than males, and that the two sexes exhibit the same fur coloration pattern. We found some individual variations concerning
the width of the two lateral white stripes on the belly, and the number and extension of white shoulder-spots. The echolocation
recordings show evidence for alternation between two call types (A and B), differing in frequency, bandwidth, and duration. The
acoustic signals obtained before captures and after releases revealed important variations depending on the trajectories and
environmental conditions. Acoustic characteristics, wing measurements, and the unique black and white fur pattern of G. superba
suggest that it is a canopy species able to fly at high speeds. Our findings will be useful for future ecological studies to provide new
data on the range, population size, trend and threats of G. superba in order to better assess its conservation status.
Key words: Vespertilionidae, acoustic, flight path reconstruction, frequency alternation, sexual dimorphism, fur colour pattern,
canopy

INTRODUCTION
One important gap in the knowledge of global
biodiversity remains to be deficiency of data pertaining to distribution, as well as population size and
trends, and the abundance and ecology of many
species (Küper et al., 2006). Data deficiency may be
a problem in conservation because the extinction
risk of species cannot be evaluated. Such species are
typically classified as ‘Data Deficient’ (DD) by the
Red List of the International Union for Conservation
of Nature, but many of them are also included in the
‘Least Concern’ (LC) category, despite the lack of
data on population trends. The Order Chiroptera is
especially subject to this problem, with 200 species
(17.5%) classified as ‘DD’ and 684 considered as

‘LC’ (60%) by the IUCN (2015). One powerful tool
in the study of bats relies on acoustic recordings. In
taxonomy, some sibling species can be distinguished
on the basis of echolocation calls (e.g., Jacobs et al.,
2006). In ecology, echolocation calls can be used to
study the foraging behaviour of species (Schnitzler
et al., 2003), the use of several microphones allowing to reconstruct precisely each flight path (Jones
and Holderied, 2007). Based on prior knowledge of
echolocation calls, surveys can be conducted at
large scales to provide valuable information on the
distribution and population trends of species
(Hughes et al., 2010; Barlow et al., 2015).
The pied butterfly bat, Glauconycteris superba
(Hayman, 1939), is an African bat characterized by
a black pelage with white spots and stripes on the
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Are leaves a good option in Caatinga’s menu? First record of folivory in
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Folivory can be defined as the consumption of foliage, including leaves, stems and leaf content. This trophic strategy has been
documented in two families of bats, Pteropodidae (Old World fruit bats) and Phyllostomidae (New World leaf-nosed bats). Existing
folivory hypotheses for bats suggest this behavior provides a dietary supplement of protein and other essential minerals due to
a deficiency of these in a frugivorous diet. The Caatinga is a seasonally deciduous tropical dry forest where most of the vegetation
is leafless and dormant during the extended dry season. Here we present the first evidence of folivory in bats from the Brazilian
Caatinga, with evidence for the phyllostomid Artibeus planirostris ingesting the leaves of at least 16 species of plants. We include
a bibliographic review of bat folivory in the tropics. Additionally, we propose a new hypothesis on folivory in bats for this semiarid
environment.
Key words: Phyllostomidae, caves, feeding habits, folivory, Pteropodidae, Caatinga

INTRODUCTION
Folivory can be defined as the consumption of
foliage, including leaves, stems and leaf content
(Kunz and Ingalls, 1994). From an evolutionary perspective, folivory is not as simple as it sounds since
not all animals can digest foliage. This ability involves several biochemical and morphological
specializations (dentition and gut) and the help of
certain intestinal microbes to be able to extract nutrients and energy from plant fibers (Kunz and Diaz,
1995). However, fruit-eating bats have managed to
avoid these biochemical and morphological specializations by masticating, extracting and swallowing
the nitrogen-rich liquid fraction and finally discarding fibrous pellets (Lowry, 1989). Some authors
have proposed a term for this eating strategy, “leaf
fractionation” (Kunz and Ingalls, 1994: 665).
This trophic strategy has been documented in
two families of bats, Pteropodidae (Old World fruit
bats) and Phyllostomidae (New World leaf-nosed
bats). There are several hypotheses for explaining
this feeding strategy in different species (see Table

1), but notably, all are frugivores. Furthermore, bat
folivory has mainly been documented in tropical
rain forests, tropical savanna and high altitude cloud
forests (Zortéa and Mendes, 1993; Kunz and Diaz,
1995; Tan et al., 1998; Aguiar, 2005; Nelson et al.,
2005), but never in a semiarid environment.
The Brazilian Caatinga consists of a semiarid region of 730,000 km2 in northeastern Brazil and contains patches of seasonal dry tropical forest and sclerophyllous and xerophytic vegetation, dominated by
Fabaceae trees, and species of Bromeliaceae and
Cactaceae (Lima-Araújo et al., 2007; Santos et al.,
2011). Leaves and flowers are produced during
a short rainy season and during the extended dry
season most of the vegetation is leafless and dormant (Leal et al., 2003). The Caatingas have an extreme climate. According to Köppen classification,
the climate in the region is BShw (hot and dry), with
a mean annual rainfall less than 800 mm (Alvares et
al., 2013). However, in this region there are at least
77 bat species of the 178 species present in Brazil
(Oliveira et al., 2003; Reis et al., 2007; Paglia et al.,
2012; Nogueira et al., 2014). Among the Caatinga
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Diet of a Nearctic species, the evening bat (Nycticeius humeralis),
at the northern edge of its range
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Evening bats (Nycticeius humeralis) are ubiquitous in the southeastern United States, but only one maternity colony occurs in the
Great Lakes region, in Michigan, and it is the northernmost colony known in North America. We hypothesized that diet would vary
throughout the season and between years and that diet of evening bats in northern areas would differ from diet of those in more
southern parts of the continent. Almost 600 fecal pellets of evening bats were collected and analyzed from May through August
2006–2007. Thirteen orders of insects and two orders of arachnids were found, but Coleoptera, Diptera, Hymenoptera, and
Hemiptera composed 87% of dietary volume. Lepidoptera, which forms a substantial portion of the diet for most vespertilionids in
eastern North America, contributed only 4.7% to the volume. Diet was broadly similar to evening bats in the core of their range,
although evening bats in Michigan incorporated substantially more Diptera into their diet. Dietary composition and diversity differed
little between years but showed variation among weeks within years. The lack of dietary specialization and similarity in major
components in different parts of the range suggest that availability of prey or dietary competition with other species at the ordinal
level are not factors limiting the northern distribution of the evening bat.
Key words: diet, insects, Nycticeius humeralis, Michigan, geographic range, temporal variation, evening bat

INTRODUCTION
Foraging method and diet vary among different
species of animals (Pierson, 1998). For insectivorous bats, diet often results from an interplay between cranial morphology, body size, wing shape,
and call frequency (Altringham, 1996; Emrich et al.,
2014; Weterings and Umponstira, 2014). Size and
shape of the mandible, for example, can determine
whether hard-bodied insects, such as beetles, are
commonly eaten, or whether the bat specializes on
soft-bodied prey, such as dipterans (Freeman, 1981).
Wing shape and wing loading, in contrast, often
determine the speed and maneuverability of a bat
(Norberg and Rayner, 1987), which, in turn, determine the types of habitat in which the animal
can forage and the kinds of insects that it encounters. Understanding what an animal eats is crucial
to its management and can help elucidate aspects
of its biology, such as foraging habitat (Clare et
al., 2011), temporal patterns of activity (Jones and
Rydell, 1994), metabolic rate (McNab, 2003), risk
of extinction (Boyles and Storm, 2007), and even

the ability to resist fungal infections (Frank et al.,
2012).
Although morphology ultimately determines the
types of food that a bat can capture and eat, changing weather and varying energetic demands throughout the year may alter the foraging strategy and diet
of bats over short periods (Anthony and Kunz,
1977). Pregnant bats, for example, have a high wing
loading and reduced feeding efficiency because of
the added mass of the fetus, which may alter the
habitats in which the animals can forage and the insects that they encounter. In northern regions during
May, when females are pregnant, availability of insects often is limited by environmental conditions,
such as rainfall and low ambient temperatures; consequently, foraging success is more variable, average daily consumption is lower, and bats may be
less selective than later in summer. During lactation, however, energetic costs are higher, due to
milk production and increased duration of foraging (Kurta et al., 1989, 1990), and consequently, lactating females may concentrate on types of prey
with a higher energy content (Kunz et al., 1995).
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What is for dinner? First report of human blood in the diet of
the hairy-legged vampire bat Diphylla ecaudata
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Blood-feeding is one of the most specialized foraging habits, as it demands extreme morphological, physiological, and behavioral
adaptations. Three species of vampire bats (Desmodus rotundus, Diaemus youngi, and Diphylla ecaudata) rely on blood as their only
food. The first two are considered less specialized, whereas D. ecaudata is frequently pointed out as a bird-specialist. We assessed
what prey D. ecaudata consumes in the Caatinga dry forests of northeastern Brazil, a highly modified biome. How the species would
behave in a situation of scarcity of wild birds and increase in the availability of domestic animals? Could Diphylla have been induced
to include also mammals in its diet? Using PCR-amplification of DNA fragments in the feces of D. ecaudata, we detected the regular
consumption of chicken blood and human blood — a novel prey for this species. Our results suggest that the diet of D. ecaudata is
more flexible than expected. The record of humans as prey and the absence of blood from native species may reflect a low
availability of wild birds in the study site, reinforcing the impact of human activities on local ecological processes. This also opens
a range of research possibilities on vampire bats in the Caatinga, both on the species’ biology and the consequences for public health,
considering the potential increase in the transmission of rabies in the region.
Key words: blood-feeding, Brazil, Caatinga, Chiroptera, Desmodontinae, faecal DNA

INTRODUCTION
Bats of the family Phyllostomidae comprise one
of the most ecologically diverse mammal groups,
which includes insectivorous, nectarivorous, frugivorous, carnivorous, and hematophagous species
(Fenton et al., 1992). Among those habits, hematophagy is the most specialized diet, as it requires
highly specific morphological, physiological, and
behavioral adaptations for blood consumption
(Coen, 2002). Only three monospecific genera of
phyllostomids are able to use blood as their only
food: Desmodus rotundus (Geoffroy, 1810), Diaemus youngi (Jentink, 1893), and Diphylla ecaudata
Spix, 1823.
Known as vampire bats, these three species of
the subfamily Desmodontinae occur only in the
Americas (Fenton, 1992). They have several morphological and physiological adaptations that allow
consuming and digesting blood: sharp incisors and
canines used to make a small wound in vascularized
regions of the prey’s body, saliva with components

that avoid blood coagulation and favor bleeding,
and organs of the digestive system that show maximum efficiency in the elimination of the excess of
water and urea present in the blood of their prey
(Greenhall and Schmidt, 1988; Coen, 2002). These
species are not able to store fat (Coen, 2002), do not
survive fasting for more than two days (Uieda,
1994), and due to urea processing they are extremely sensitive to dehydration (Breindenstein,
1982). Desmodus rotundus and D. youngi seem to
be less specialized in terms of their prey (Greenhall
et al., 1983, Bobrowiec et al., 2015), whereas
D. ecaudata is frequently considered a specialist,
which feeds preferably on birds (Greenhall et al.,
1984; Uieda, 1994).
Many studies on the diet of insectivorous and
frugivorous bats are based on morphological analyses of food remains found in feces (e.g., Siemers and
Swift, 2006; Vleut et al., 2013). In the case of
vampire bats, feces are formed only by soft parts,
which make the morphological identification of the
prey impossible (Carter et al., 2006). In those cases,
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We investigated intra-annual variability in acarine parasite load (species richness, prevalence and abundance) and spleen mass in
populations of leaf-nosed bats in highly seasonal tropical and subtropical climates: one population of California leaf-nosed bat
(Macrotus californicus) in a subtropical thorn forest, one population of Waterhouse's leaf-nosed bat (M. waterhousii) in a subtropical
desert, and one population of Waterhouse’s leaf-nosed bat in a tropical deciduous forest. We tested the hypothesis that hosts in highly
seasonal tropical and subtropical climates exhibit significant seasonal changes in immune response and parasite load. Prevalence
was 100% in most populations examined, except in the subtropical population of M. waterhousii in the rainy season. The tropical
population had the highest parasite richness in both seasons and presented species belonging to the four acarine orders examined:
Mesostigmata, Ixodidae, Trombidiformes, and Sarcoptiformes. Abundance values of Trombidiformes in M. californicus, and of
Ixodida and Sarcoptiformes in the tropical M. waterhousii population were higher in the rainy than in the dry season. Spleen mass
was larger in the tropical population in the rainy season and in the subtropical population in the dry season. Spleen mass was not
related to abundance of any of the acarine orders (Mesostigmata, Ixodidae, Trombidiformes, and Sarcoptiformes) analyzed. Our
findings suggest that bats in highly seasonal tropical and subtropical environments experience significant seasonal changes in
parasite burden and in immune response.
Key words: ectoparasites, immune response, insectivorous bats, subtropics, tropics

INTRODUCTION
Reduced climatic seasonality in the tropics is hypothesized to result in higher impact of parasites on
host fitness than in temperate populations (Janzen,
1970; Connell, 1971; Schemske et al., 2009), and
broad measures of parasite burden decrease significantly with latitude (Salkeld et al., 2008; Bordes
et al., 2011). One expected consequence of increased impacts on host fitness is increased investment in immune response (Møller, 1998). Curiously,
comparative studies of host-parasite interactions
commonly ignore seasonal variation, despite the

presumed primary importance of seasonality in generating geographical differences in parasite burden.
An interesting exception (Martin et al., 2004, 2007)
reports reduced variability throughout the year in
parasite burden and strength of immune response in
a tropical host population in contrast to its temperate
counterpart. In particular, house sparrows (Passer
domesticus) from a temperate population exhibit
significant seasonal variation in cutaneous immune
response and parasite prevalence, in contrast to
a population in a tropical rain forest, where no seasonal changes occur in both parameters. Although
the particular factors dictating these patterns are
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The increasing use of non-woven materials, such as breathable roofing membranes (BRMs) within buildings that either currently
contain a bat roost or may do in the future, has led to concerns over bat safety by those involved in bat conservation in the UK.
Whilst some information is currently available on the selection of roosts in roofs by bats, along with technical specifications of
individual membranes, there is no research that has investigated the interactions between the two. Prior to determining the methods
needed to test interactions between bats and BRMs, a series of preliminary investigations were conducted; including research and
physical measurements on selected anatomical features of bats commonly found roosting in buildings in the UK. Data on body size
and shape were gathered from a combination of experimental measurements of bat specimens (deceased) and information collated
from literature. Data on bat claw morphology were collected by applying a method used to measure raptor talons, measurements
obtained included; width, length and the curvature (hook ratio) of their claws. The results of this research provide additional
information about bat body and claw morphometrics. It was found that bat species/group had a significant effect upon the length,
width and curvature of the claws (to varying degrees). Pipistrelle species have the shortest and third narrowest claws, whereas
serotines have the longest and widest claws on average. The curvature of the claws does not vary greatly between species; however,
more variation was seen in the lower portion of the claws. The results from this research also demonstrate that the current standard
industry tests do not represent the fine scale at which a bats claws interact with their roosting surfaces. Consequently, this
information can be used to aid the development of industry tests for determining the suitability of BRMs for use in bat roosts.
Key words: bats, claws, length, curvature, morphometrics, roosting surfaces

INTRODUCTION
In the past 15 years the use of non-woven textiles
within the roofing industry has seen a significant
rise (Masseneux, 2003), mainly through the production of Breathable Roofing Membranes (BRMs).
Prior to this bituminous felt, as described in British
Standard BS747:2000 (BSI, 2000a), was the main
roofing underlay specified to be used within most
roof spaces. Many buildings suitable for use as bat
roosts often require re-roofing as they age. During
re-roofing, traditional bituminous roofing felts are
often replaced with BRMs, which are designed to
facilitate the removal of water vapour from the roof
in order to reduce the risk of condensation formation
(Jansenns and Henns, 2003; Essah et al., 2009). In
the UK alone there are currently over 60 brands of
BRMs available as replacements to bituminous felt
when roof spaces are being refurbished (Waring et

al., 2013; Waring, 2014). This is one example of
new materials being introduced into the building industry, often in an effort to meet sustainability targets (Waring, 2014).
BRMs are non-woven materials manufactured
from spun-bonded polypropylene or spun-bonded
polypropylene/polyethylene filaments, laminated
either side of a vapour permeable (functional) layer
(Albrect, 2003). A nonwoven material can be defined as ‘a manufactured sheet, web or batt of directionally or randomly orientated fibres, bonded by
friction, and/or cohesion and/or adhesion’ (Massenaux, 2003).
In order to ensure the spun-bond polypropylene
filaments are strong enough to protect the functional
layer during the fitting process, the industry carries
out quality tests on its membranes. At present, in
order to test the mechanical strength of BRMs, they
are tested to conform to British Standard BS EN

