
INTRODUCTION

Recent discoveries of several new, cryptic bat
species in Europe, and the growing importance of
bat conservation have resulted in an increased re-
search effort to study roost site selection, habitat use
and spacing/foraging behaviour of (rare) bat species
(Arlettaz, 1999; Mayer and von Helversen, 2001;
Mickleburgh et al., 2002; Di Salvo et al., 2009;
Whitaker and Karataş, 2009). In fact, before their
distinction, cryptic spe cies were biogeographically
and ecologically confounded, calling for a careful
re-evaluation of their distribution and ecological 
requirements (Arlettaz, 1999; Sattler et al., 2007;
Ashrafi et al., 2010). Habitat requirements may 
differ even among closely related species: according
to the principle of competitive exclusion, species in
the same community tend to differentiate their re-
source exploitation strategies to achieve stable coex-
istence. Hence, sibling species may co-exist because
of niche partitioning (Arlettaz, 1999; Patterson et
al., 2003; Russo et al., 2005). Therefore, determin-
ing their space and habitat use is essential to under-
stand levels of interspecific competition between
them when they occur in sympatry, and to gather 

a better understanding of factors influencing struc-
ture and diversity of bat communities. 

Recent identification of new sibling species of
long-eared bats (genus Plecotus) have increased the
number of European species from two (brown long-
eared bat, P. auritus and grey long-eared bat, P. aus-
triacus) to six (P. macrobullaris — Kiefer and Veith,
2001; Spitzenberger, 2003; P. kolombatovici — 
Mayer and von Helversen, 2001; Spitzenberger et
al., 2002; P. sardus, endemic to Sardinia —
Mucedda et al., 2002; P. teneriffae, endemic to the
Canary Islands — Ibáñez and Fernán dez, 1985;
Juste et al., 2004). The Alpine long-eared bat, 
P. macrobullaris, is a sibling species of P. auritus
(Kiefer and Veith, 2001). It can be reliably identified
by mitochondrial DNA sequencing (Kiefer and
Veith, 2001; Kiefer et al., 2002; Trizio et al., 2003);
recently, a discriminant function based on body
measurements has been proposed which correctly
classified 97.5% of specimens as belonging to the
Plecotus sibling species present in the Alps (Ashra-
fi et al., 2010). The known distribution range of 
P. macrobullaris extends from the Pyrenees to
Greece and Crete, including the Alps from France 
to Slovenia (Kiefer and von Helversen, 2004). 
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In northern Italy it has been recorded in prealpine 
and alpine landscapes, throughout the Italian Alps
(Kiefer and Veith, 2001; Spitzenberger et al., 2002;
Chirichella et al., 2003; Trizio et al., 2003), con-
firming the preference for mountainous habitats
(Kiefer et al., 2002). In most of this range it is sym-
patric with P. auritus.

Currently, there are no data on space and habi-
tat use of P. macrobullaris. Thus, basic ecological
information essential for the development of spe-
cies management are lacking. Moreover, nothing 
is known about possible niche partitioning between
sympatric populations of P. macrobullaris and 
P. auritus.

Here we present the first data on the space and
habitat use of radio-tagged P. macrobullaris. Since
the most important management units (MU) in bat
populations in the temperate zone are the nurseries,
we radio-tagged 14 females from a single nursery in
the central part of the species’ distribution.

MATERIALS AND METHODS

Study Area

The study was conducted in the Campo dei Fiori Regional
Park, Lombardy, in northern Italy (45°53’N, 8°47’E), a 5,400-
ha densely forested pre-alpine area made of two peaks, Mounts
Campo dei Fiori (1,227 m a.s.l.) and Martica (1,032 m a.s.l.) and
an intermediate valley (470 m a.s.l.). Mean annual temperature
(between 9° and 12°C ) and precipitation (between 1,004 and
2,000 mm) vary with elevation. Mean temperature of the
warmest month is 22°C, mean winter temperature ranges be-
tween 0° and 2°C (data recorded by the Centro Geofisico
Prealpino weather station at Mt. Campo dei Fiori). The study
area (covering 285 km2) was determined by calculating a mini-
mum convex polygon (MCP) that included all locations of 
the radio-tagged bats (Russo et al., 2002) and, subsequently,
adding an external buffer zone whose width was determined by
the average value of distances between the roost and fixes
recorded for tracked subjects calculated using a spider diagram
(Hooge and Eichenlaub, 1997). The area is largely covered with
woodlands (65%), dominated by sweet chestnut (Castanea sati-
va), durmast oak (Quercus petraea) and birch (Betula sp.) be-
low 800 m a.s.l., while beech (Fagus sylvatica) dominates at
higher elevations.

Trapping and Handling Bats 

During bat monitoring activities in 1996, a P. macrobullaris
maternity roost was discovered in the roof of a church (Brinzio)
which was surrounded by extensive forested areas. The species’
identity was confirmed by DNA analysis (Trizio et al., 2005).
Bats were captured while leaving the roost in the evening in
June–July 2002 and 2003 with a nylon twisted-thread mistnet 
(3 × 3 m, 19 mm wide square mesh) near the roost entrance.
Bats were weighed to the nearest 0.1 g with an electronic scale
(Maul Tronic, Germany) and forearm length was measured with

precision callipers (± 0.1 mm). Sex was assessed by inspecting
external genitalia (Racey and Swift, 1981) and wings were
trans-illuminated to distinguish juveniles from adults, the for-
mer showing cartilage epiphyseal plates in finger bones (meta -
carpal-phalangeal joint of the fourth finger — Kunz, 1988). 
A body condition index was calculated as the ratio between
body mass and forearm length (Russo et al., 2001). Fourteen 
females (three subadults, two non-breeding adults, nine breed-
ing adults — Table 1) were fitted with 0.47 g Holohil LB-2
transmitters (Holohil Systems Ltd., Ontario, Canada) attached
between the scapulae with Skinbond® surgical glue after part-
ly trimming the fur. Transmitter lifetime was 7 to 20 days and 
a single bat was monitored for 2–16 nights (0 ± SD = 7 ± 5
nights — Table 1).

Bats were tracked on foot and by car using JDS Execu-
tive 2000 radio-receivers (Wildlife Materials, Inc., Carbondale,
USA) fitted with three-element hand-held directional Yagi an-
tennas. The study area was scanned for radio-signals mostly
from fixed vantage points to maximise radio-signal detection.
Location of all fixes, included those from fixed vantage points
were mapped using a GPS (GPS II Garmin, Garmin Ltd.,
Olathe, Kansas, USA) and stored in UTM coordinates (WGS84
datum, EPSG code 32632). The first night after capture, we
tracked all tagged bats to make sure tags did not affect their 
natural behaviour.

On the following nights, a focal animal was selected for
tracking starting immediately after it left the roost (between
20.00 and 21.00 solar time) until its return (around 3.30 to 4.30
solar time). When a focal subject was lost for over 30 minutes,
we switched to another one. The position of the focal animal
was determined every 15 minutes using triangulation (White
and Garrott, 1990; Entwistle et al., 1996) by two or more oper-
ators who simultaneously detected the bearings of the signal 
using a 1 degree precision compass (Suunto KB-14, Vantaa,
Finland). On average, the distance between the operators and
tracked animals was variable from 0.1 to 1 km. Moreover, when
bats were foraging in a restricted area we used homing-in to de-
termine the exact locations in order to observe them during for-
aging activities (see also Entwistle et al., 1996). At each loca-
tion, we recorded the position of the operators, the estimated 
location in UTM coordinates and the bat activity (categorised 
as foraging, commuting, roosting, undetermined). Activity was 
established based on the variation in signal intensity over 
a 1-minute period: when animals were resting (motionless) in-
tensity readings on the receiver amperometer remained stable,
while the signal of active, flying bats was characterised by 
a marked variation in intensity.

Home Range Analysis

All radio-tracking data were converted to the Italian coordi-
nate reference system (Gauss-Boaga, West zone, Rome 1940
datum, EPSG 3003) in a GIS database (ESRI Arcview 3.2, ESRI
Inc., 1999), and Locate II 3.11 software (Nams, 2000) was used
to triangulate the bearings and obtain the corresponding fixes.
Home range size was estimated with the 95% fixed density ker-
nel estimator (95% KDE, Worton 1989) using the R software
(version 2.9.0 — R Development Core Team, 2010) package
adehabitat (Calenge, 2006), with the adjusted smoothing factor
hadj calculated according to Wauters et al. (2007). Since our aim
was to estimate home range size and habitat use of active bats,
locations occurring in the main roost during day-time were not
used in home range calculation.
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Habitat Selection

K-select analysis (Calenge et al., 2005) was used to study
habitat selection, using the tools provided by the R package ade-
habitat (Calenge, 2006). K-select analysis is a recently intro-
duced technique, specifically designed for radio-tracking data,
that relies on the classical ecological niche paradigm: an ecolog-
ical space is defined by several maps, each one representing 
a single habitat variable (such as elevation, percentage of wood-
lands, etc.), i.e. a single dimension in the ecological space.
Thus, average habitat conditions can be calculated, as well as
average conditions for each animal. The difference between the
vector of average available habitat conditions and the vector of
average conditions for each animal is defined as the marginali-
ty vector: it is proportional to the importance of habitat selec-
tion, and its direction indicates selection or avoidance. Using
principal component analysis on the marginality vectors of each
animal and the habitat variables, the K-select analysis yields 
a linear combination of habitat variables for which the average
marginality is greatest, that is a synthesis of the environmental
variables taken into account which contributes the most to habi-
tat selection. Marginality and specialisation vectors significance
were calculated using a 10,000-fold randomisation test. All the
raster data used as environmental variables in K-select analysis
were pre-processed using GRASS GIS version 6.4.0 (GRASS
Development Team, 2010). 

For K-select analysis purposes, we determined the availabil-
ity of the following environmental variables (in % cover inside
the study area): agricultural land, meadows, shrubland, wet-
lands, woods and sparsely inhabited rural areas (small villages).
These data were extracted from an existing land cover digital
vector map (Carta della Vegetazione Reale della Provincia di
Varese — Tosi and Zilio, 2002) at an equivalent scale of
1:10,000, that was rasterised at a 50-m spatial resolution and 
reclassified according to the above land cover categories. Habi -
tats used were quantified by counting 50 m grid cells for each
habitat type contained in the 95% Utilisation Distribution (UD)
isopleth (Calenge et al., 2005). Furthermore, as an index of 
ecotone density, the perimeter/area ratio per each 50 m cell was
calculated based on boundary extent between polygons classi-
fied as ‘woods’ and ‘meadows’. We employed a 20-m dig-
ital elevation model (Regione Lombardia, 2003) to determine
elevation.

RESULTS

Between 13 and 254 locations were collected per
individual (n = 14, 0 ± SD = 95 ± 75). For two ani-
mals home range calculation was not possible: one
animal had too few locations (10), whereas for 
a second animal the hadj estimation procedure did
not converge.

Home range size differed considerably between
individuals (range 84–3,388 ha — Table 1). It was
not affected by the number of locations used for 
estimation (Pearson correlation r = 0.04, n = 12, 
P >> 0.05) and did not differ between breeding and
non-breeding females (t = -0.70, P >> 0.05). On 
average, 18% of all fixes concerned bats in the main
roost at night-time and 14% in temporary roosts, all
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in building lofts and garrets. The dominant activity
was foraging (43% of all fixes). Commuting flights,
mainly directly oriented, almost straight-line move-
ments from roost to foraging areas, were less fre-
quent (15% — Table 1).

Mean distance travelled (from roost) was 1,068 ±
1,563 m. For individual bats, the shortest average
distance from the roost was 260 m, the longest 
2,265 m. Overall, more than 50% of fixes were
within 500 m from the roost, and about 75% within
1 km (Fig. 1). However, some bats regularly 
commuted to foraging sites more than 2–3 km 
from the roost, with a maximum distance of 7.1 km
(Fig. 1). 

Habitat use was non-random, as revealed by 
the significance reached by the first eigenvalue in
the K-select test (λ1 = 2.55, P < 0.001); the first
canonical axis accounts for 94.3% of the total vari-
ance. This canonical axis (Fig. 2, variables plot) 
represents an ecotone gradient (PCA normed score 
= 0.36), also influenced in opposite ways by the per-
centage of rural area (score = 0.67) and woodlands
(score = -0.61). An open area (i.e. meadows) cover
gradient could explain the second K-select canoni-
cal axis (meadows normed score = 0.84).

Based on randomisation tests on the marginality
vectors, habitat use was significantly non-random
for 10 out of 12 bats (Table 2). Shrubland, wetlands
and agricultural areas were used opportunistically
by all but one bat that significantly avoided the 
latter. All bats except one (bat 0303) preferred 
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FIG. 1. Frequency distribution of location distances (500 m
classes) from the nursery roost for P. macrobullaris females
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ecotones and rural areas (villages) and avoided
woods (Fig. 2). Bat 0303 alone used higher than 
random elevations and did not avoid woods. The
marginality vectors for each bat (Fig. 2, marginality
vectors) show a general tendency towards high use
of ecotones and open areas (meadows). There are 
no evident differences between breeding and non-
breeding females.

Since both breeding status and body condition
might affect habitat use, we explored the effect 
of body condition for breeding and non-breeding 
females separately. In breeding females the margin-
ality score was positively correlated with body con-
dition (r = 0.82, n = 7, P < 0.05). In contrast, body
condition of non-breeding bats was negatively cor-
related with the marginality score (r = -0.95,  n = 5,
P < 0.05), thus an opposite trend. This was mainly
due to breeding females in good condition selecting
more strongly for ecotones (Fig. 3), while non-
breeding females in good condition selected less for
ecotones than those in poorer condition.

DISCUSSION

Data Reliability

Although our sample size was limited (albeit
comparable with other studies on space use and 
foraging activities of bats — see, e.g., Lučan and

Radil, 2010; Monadjem et al., 2010; Ralisata et al.,
2010; Zahn et al., 2010), this is the first study of
space and habitat use in P. macrobullaris. Since our
study area was large and included several different
habitat types, our data are important to gain knowl-
edge on the ecological niche of this recently discov-
ered species and compare it with that of its sym-
patric sibling species. 

We tried to reduce sources of error that could 
affect the accuracy of our data. First, we admit that
there might be an error on locations estimated using
triangulation, which could cause incorrect identifi-
cation of the habitat for some of these locations.
However, the landscape was coarse-grained and
most patches of a given habitat were large.
Moreover, triangulation was mainly used when bats
moved away from the nursery roost, thus for non-
foraging flights. In any case, as Plecotus is a low-
speed, low-power flyer (Neuweiler, 2000) we can
reasonably assume a fair accuracy in triangulation.
When we were able to relocate the focal animal, we
used homing-in when signal indicated resting and
determined the exact position (and thus habitat 
type) of the temporary roost. Also, homing-in or 
triangulation from a short distance of the focal bat 
(< 100 m) was used when it was hunting in a re-
stricted area. This was indeed the case for the ma-
jority of locations of foraging bats. This approach 
allowed us to check the accuracy of use of ecotones,
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FIG. 2. Results of K-select analysis for habitat selection of 12 P. macrobullaris females. Axis: correlation between K-select and 
the first two PCA axes. Env. Variables: environmental variables loadings on the first two canonical axes. Marginality vectors:
representation of the uncentered marginality vectors for each animal: arrow starts indicate available habitat, arrow ends indicate used 

habitat. The asterisk besides animal ID indicates a breeding animal, the dash a non-breeding one



Breeding
Non-breeding

essential for the interpretation of our data. Second,
several previous radio-tracking studies on bats, in-
cluding P. auritus, suggested that radio-tagg ed ani-
mals might change their behaviour the first night 
after tagging (Hughes and Rayner, 1991; Adam et
al., 1994). Therefore, data from the first night were
not used for space and habitat use analysis.

Space Use and Habitat Selection 

In rural landscapes, as our study area, bat activi-
ty is sometimes centered at woodland fragments
(Gehrt and Chelsvig, 2003) and vegetation density is
often the best predictor among microhabitat charac-
teristics to determine the overall bat habitat use
(Smith and Gerth, 2010). However bats may exhibit
interspecific variation in response to the percentage
of woodland presence and forest characteristics due
to variation in wing morphology, acoustic structure,
and foraging strategy (Norberg and Rayner, 1987).
Female P. macrobullaris used large home ranges
and most animals had ranges larger than 10 km2.
Such large home ranges and marked individual vari-
ation in range size was also recorded for Barba stel-
la barbastellus, a species with similar feeding tech-
niques (125 to 2,551 ha — Hillen et al., 2009, 2010).
Home range size was affected by the behavioural
pattern observed in most radio-tagged bats. After
emergence from the nursery, most bats foraged in
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the vicinity of the roost for a short period after
which they typically made fast non-foraging flight
towards selected habitat types. In fact, habitat use
was non-random and all radio-tagged bats, except
one, strongly selected ecotones and rural areas 
(villages) for foraging, and avoided woods. This is
in strong contrast to the marked preference for 
(deciduous or mixed) woods and the lack of selec-
tion for ecotones by P. auritus in the UK (Entwistle
et al., 1996).

The space use pattern found in this study for 
P. macrobullaris was very different from that of 
another gleaning bat, Myotis bechsteinii. This spe -
cies used small home ranges (16.1–34.7 ha) contain-
ing very small core foraging areas (50% kernel, 2.1
ha, range: 1.7–2.6 ha — Dietz and Pir, 2009). In the
majority of cases, female Bechstein’s bats had two
foraging areas, one of them close to the day-roost 
(< 500 m) and one further away but within 1 km. All 
radio-tracked females used woodland for foraging
and selected deciduous forests, with old oak trees
often covering more than 40% of the stands, and 
a closed (> 75%) canopy (Dietz and Pir, 2009).
Breeding females of Myotis daubentoni also used
small, individual foraging areas during pregnancy
and lactation (Dietz and Kalko, 2007). 

Why did the P. macrobullaris use such large
home ranges? This pattern could be explained by the
Resource Dispersion Hypothesis (RDH) which pre-
dicts that if there is spatial or temporal heterogene-
ity in resource availability, then home range size
will primarily depend on the spatial dispersion of re-
source patches, whereas group size (in our case size
of the breeding colony) will be limited by prey rich-
ness in the available resource patches (Carr and
MacDonald, 1986; Johnson et al., 2002). Hence,
variation in home range size of bats will not only be
a function of insect prey availability in patches but
also of spatial dispersion of the patches of preferred
habitat types. Each bat is likely to grant a sufficient
number of food-rich patches in its home range to
reach a critical probability that enough food is avail-
able over time (Carr and MacDonald, 1986).

Breeding Condition and Habitat Selection

Among bats, habitat quality, and in particular
food supply, affect the distribution of nursery
colonies, of the sexes (e.g., Russo, 2002) and, in
some cases, can cause differences in space use pat-
terns between breeding and non-breeding females
(Speakman et al., 1991). Having higher energy-
requirements than non-breeding females, pregnant

FIG. 3. Relationship between body condition index of female 
P. macrobullaris and the marginality score for ecotones as
calculated by K-select analysis. Correlation between body
condition index and ecotone marginality score: breeding
females, r = 0.77, P < 0.05; non-breeding females, r = -0.93,

P < 0.05
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and lactating females drastically increase food in-
take and can consume up to more than two thirds of
their individual body mass in arthropods per night
(Anthony and Kunz, 1977; Encarnação and Dietz,
2006). Hence, differential energy-constraints might
result in different patterns of habitat selection in
these two groups (e.g., Dietz and Pir, 2009). For 
example, the short, broad wings and low wing load-
ing of M. bechsteinii guarantee high manoeuvr-
ability and enable the bats to hover (Norberg and
Rayner, 1987), allowing them to exploit different
prey items within a short range: consequently breed-
ing females tend to become territorial to secure suf-
ficient food intake in small, non-overlapping core
(feeding) areas (Kerth et al., 2001; Dietz and Kalko,
2007; Dietz and Pir, 2009). However, when feeding
sites are fragmented and widely distributed in the
landscape, territoriality is unlikely, and costs of
commuting will increase especially in species with
short, broad wings and low wing loading as long-
eared bats (Norberg and Rayner, 1987). In this case,
selection for dispersed, high-quality habitats, could
be stronger in animals of better condition. This was
the case for the breeding female alpine long-eared
bats in this study, as suggested by the positive corre-
lation of body condition (BCI) with the ecotone
marginality score. Hence, breeding females in good
condition selected more strongly for ecotones than
those in poorer condition. In contrast, this trend did
not occur among non-breeding females which even
showed an opposite (negative) relationship between
body condition and ecotone marginality score. The
different habitat selection patterns between breeding
and non-breeding females did not result in a signifi-
cant difference in home range size, although four out
of five non-breeding females used relatively small
home ranges of about 100 ha. 

A possible explanation for the negative relation-
ship between body condition and ecotone selection
among non-breeding females is that non-reproduc-
ing bats with high BCI do not need to increase fat re-
serves and consequently select less for foraging ar-
eas with more abundant food resources, as reported
in birds (Ekman and Lilliendahl, 1993). In contrast,
non-reproducing females with a low BCI need to se-
lect food-rich habitat types to increase body mass, as
predicted by the good feeding patch hypothesis
(Cuadrado, 1997). Moreover, bats of the genus Ple -
co  tus can detect and prey on non-flying prey (Nor -
berg and Rayner, 1987; Anderson and Racey, 1993),
which may help to explain that non-breeding fe-
males with high BCI can obtain sufficient food with-
out strong selection for ecotone foraging areas. 

The Use of Rural Areas

Agricultural landscapes are mosaics of human
land use and remnant natural systems. Rural land-
scapes, where tree rows or remnant forest fragments
are present in a low-altered environment, may be
particularly important for bats (Swystun et al., 2001;
Menzel et al., 2002; Russo et al., 2002). Bat species
that appear better adapted to rural landscapes with
urban development are those that do not require tree
cavities for roosting but use roofs or crevices in an-
thropic sites and/or are better suited to fly in open
areas. In contrast, species that are less common in
more urbanised landscapes and occur more fre-
quently in more forested landscapes have higher
wing tip shape index and lower wing loading, adap-
tations to flight in a more complex, cluttered envi-
ronment of woods with mixed canopy structure
(Norberg and Rayner, 1987; Duchamp and Swihart,
2008). The wing morphology of bats of the genus
Plecotus is that of gleaning bats adapted to hunt in
complex, forested habitats, and the sibling species of
P. macrobullaris, P. auritus, typically hunts in areas
with a high woodland cover, roosting in natural tree
cavities, caves and often in wood-lined buildings
close to woodland (Entwistle et al., 1996; Mitchell-
Jones et al., 1999). In fact, in Central Europe and the
Alps, P. auritus and P. austriacus are believed to 
co-exist because of niche partitioning: P. auritus
selecting mainly forested areas, while P. austriacus
is more associated with lowland and more open agri-
cultural landscapes, hunting in urbanised areas and
roosting in various types of buildings (Piechocki,
1966; Bauerová, 1982, Fuhrmann and Seitz, 1992;
Entwistle et al., 1996). 

Female P. macrobullaris in this study showed
habitat use patterns more similar to P. austriacus
than to P. auritus. All day and night roosts of our ra-
dio-tagged females were in buildings and several
bats were observed foraging at orchards, around 
a golf course and even under street lights, explain-
ing the positive selection for the rural habitat.
Moreover, comparison of the echolocation signals 
of P. macrobullaris with those of P. auritus and 
P. austriacus reveals a greater similarity with the
latter species, although P. macrobullaris is geneti-
cally more closely related to P. auritus (Juste et 
al., 2004; Dietrich et al., 2006). Data from faeces
analysis support the hypothesis that P. austriacus
may also hunt for aerial insects (Bauerová, 1982; 
Beck, 1995) whereas P. auritus predominantly
gleans its prey from surfaces (e.g., Swift and Racey,
1983; Rydell, 1989; Meineke, 1991; Beck, 1995).
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So far, there are no data available on the prey spec-
trum of P. macrobullaris. However, morphological
data, such as the length of the upper canine, which
are about the same the length as in P. austriacus
(Mucedda et al., 2002) suggest that P. macrobul-
laris might also be able to handle larger prey than 
P. auritus.

Finally, although P. auritus is considered a wood-
land bat, studies in heterogeneous landscapes
showed that its space and habitat use are flexible
with bats using gardens, park and conifer forest eco-
tones for hunting (Swift and Racey, 1983; Fuhrmann
and Seitz, 1992). Therefore, we conclude that fur-
ther studies should concentrate on space use and hab -
itat selection of sympatric alpine and brown long-
eared bats to explore whether the two siblings species
partition the spatial or habitat niche dimension. 
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