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Abstract
Forest cover in Europe has substantially increased in recent decades, resulting in extensive secondary forest cover (ca. 10–20 years) that is too young for many specialist forest-dwelling species. In
the Mediterranean region, forests have historically been logged with detrimental effects on local
biodiversity. Only a few small forest patches remain untouched. Specialist forest-dwelling species
are often less studied than other species due to their lower population densities and the inherent
difficulties involved in sampling. In fact, some forests species have only recently been discovered
or described such as the Myotis alcathoe (Alcathoe bat) and so there is a remarkable dearth of
information regarding their natural history, habitat requirements and conservation status.
A total of 18 M. alcathoe bats were captured and radio-tracked in a 100-year-old Mediterranean
forest which led us to locate and describe 18 different tree roosts. The structural traits of each
roost and the surrounding habitat were studied to unravel the factors involved in roost selection.
Alcathoe bats were found roosting in a wide variety of sites (holes, cracks and under bark) and tree
species. Around 70% of the roosts were found in dead or decrepit trees. However, except for roost
height, no special traits were selected. Due to the maturity of some common holly Ilex aquifolium,
this typically secondary bush species was often used as a breeding roost. Our results provide new
insights into how old and small secondary tree species play an essential role in the conservation of
certain forest species.
Considering that in 20 years of bat surveys in the region, breeding colonies of this forest species have only been found in this forest characterized by its remarkable maturity (50–100 dead
trees/ha), we suggest that current forest management guidelines (recommending densities of 5–10
dead trees/ha), might not be enough to ensure the presence of breeding colonies of these treedwelling bats.

Introduction
Forest cover in Europe has increased by 17 million ha over the last 20
years. However, due to the intensive deforestation that occurred in the
past, European forests are usually remarkably young (FAO, 2011). In
the Mediterranean region, forests have been exploited and logged to
the detriment of local biodiversity, and ecosystems have been driven
towards global impoverishment. Only few small forest patches with
complex biodiversity ecosystems remain untouched (Reig, 2013), and
tend to be threatened by human activities such as the demand for wood
for use as biomass and leisure activities. According to Mallarach et
al. (2013), 40% of the NE Iberian Peninsula is covered by forest but
only 0.3% of this forest is considered as “mature” (Comas et al., 2013).
Due to their maturity, these forest patches play a highly relevant role
in conservation as ecological islands that offer refuge to certain forestdependent species (FAO, 2011; Russo et al., 2016).
Forest quality and maturity are essential for some specialist species,
including many forest-dwelling bats that have highly specific habitat requirements (Bambini et al., 2010; Russo et al., 2016). The order of bats
encompasses approximately 1300 species worldwide, 850 of which
roost in trees (Russo et al., 2004). The diversity of forest-dwelling
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bat species is mainly influenced by the availability of natural cavities, forest cover and the structural heterogeneity of the habitat (Kunz,
1982; Razgour et al., 2016; Russo et al., 2016). Due to their sensitivity
to environmental changes and to anthropic impact upon habitat quality and landscape structure, some forest bats are currently regarded as
good biological indicators of the quality and trophic structure of habitats; this is the case of some noctules (Nyctalus), the Brown long-eared
bat (Plecotus auritus), the Barbastelle bat (Barbastella barbastellus),
the Bechstein’s bat (Myotis bechsteinii), and the Alcathoe bat (Myotis
alcathoe) (Vaughan et al., 1997; Grindal and Brigham, 1999; Swystun
et al., 2001; Kusch and Idelberger, 2005; Menzel et al., 2005; Flaquer et
al., 2007; Subirachs et al., 2009; Bohnenstengel, 2012; López-Baucells
et al., 2017). However, the number of roost trees that should be protected from logging in order to guarantee local population viability for
these species still needs to be further studied (Russo et al., 2016).
The Alcathoe bat (Myotis alcathoe) is one of the rarest tree-dwelling
bats in Europe. It has only recently been separated from the Myotis cf.
mystacinus complex of cryptic species (von Helversen et al., 2001; de
Pasquale and Galimberti, 2014) and is now included in Annex IV of the
EU Habitats and Species Directive. It is one of the smallest European
bats and, despite annual reports of new localities from across Europe,
information is still lacking on its range and population size and trends.
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Consequently, it is currently listed as “Data Deficient” in the IUCN Red
List of Threatened Species (Hutson et al., 2008).
The emerging picture of this bat’s distribution, summarized by Niermann et al. (2007), suggests that the geographical range of M. alcathoe
covers a large part of Europe, from northern Spain and France, to central Germany, southern Poland, and Greece and recently in England and
Latvia (Niermann et al., 2007; Ohlendorf and och Funkel, 2001; Hutson
et al., 2008; Anonymous, 2010; Devlin, 2010; Ahlen, 2010). Current
records seem to indicate that it is restricted to mountain regions in the
south of its range, and that throughout its range it prefers natural, humid deciduous forests with old trees and watercourses. Unfortunately,
very little further data on the natural history of this species is presently
available (von Helversen et al., 2001).
In the last 15 years, intensive bat inventories have been undertaken
in several natural and protected areas across the Northeast Iberian Peninsula, ranging from sea level to 2000 m a.s.l. Although several M.
alcathoe have been captured, mainly in riparian forests, only one maternity colony has been reported, in a 100-year-old isolated Mediterranean
forest in the Pyrenees (Flaquer et al., 2014). The aim of this study was
to contribute to the understanding of the environmental requirements
for the Alcathoe bat by: 1) characterizing its roosts in a 100-year-old
forest and 2) determining the structural roost traits that are positively
selected.

Material and Methods
Study Area
The study was carried out in the Paratge Natural d’Interès Nacional
de l’Albera (PNIN Albera) in the Northeast Iberian Peninsula (Lat
42°280 5500 N, Long 2°560 4600 E) (Fig. 1). This natural area harbors one
of the most mature forests in the region that, due to its excellent preservation status, has been classified as “singular” by Comas et al. (2013).
The forest has remained all but untouched for more than 100 years.
The maximum logging intensity in this forest took place in 1914–1918
during the First World War, and some isolated logging activities were
also carried out in 1939–1942 (B. Borràs pers. comm.). On average, it
has a total of 322 living trees/ha plus 110 dead but standing trees/ha,
which makes it unique among mature forests. Its southernmost limit
reaches a military base that has been almost completely deforested for
training purposes. Despite the prevailing arid Mediterranean coastal
climate characterized by only 650 mm of annual precipitation (Orta et
al., 1992), this natural area contains several permanent water points,
including rivers and temporary watercourses. Our sampling area was
situated along a riparian forest near the border with France (2°560 4000 E;
42°260 4800 N) that was characterized by a notable altitudinal gradient
(approx. 400–900 m a.s.l.). Its slopes have obvious vegetation stratification that comprises communities of cork oak (Quercus suber), ever-

Figure 1 – Study area in the Albera Site of Natural National Interest (PNIN de l’Albera) in NE
Catalonia (Lat. 42°280 5500 N, Long 2°560 4600 E). Rectangle: mist-netting and radio-tracking
area; Triangles: roosts.

green or holm oak (Quercus ilex), downy oak (Quercus pubescens),
and beech (Fagus sylvatica), with common holly (Ilex aquifolium) and
field maple (Acer campestre) as secondary tree species (natural regeneration) (Orta et al., 1992). Due the lack of economic value for these
trees species, they reached large dimensions and an important density
within the area.

Mist-netting
Capture sessions covered as many habitats and forest structures as possible, including tracks, waterways, mountain ridges, and pastures. Bats
were captured during the period July-August from 2009 to 2015 (N=26
sampling nights). A maximum of five harp traps and 200 m of mistnets were simultaneously set. However, nightly effort was site dependent and directly subject to sampling logistics and local circumstances.
The identification of the first M. alcathoe that we captured was confirmed by sequencing a DNA mitochondrial fragment of 500 bp from
the subunit 1 of the mitochondrial NADH dehydrogenase (ND1) gene
(C. Ibañez and J. Juste, pers. comm.). All the other captured individuals were identified following Flaquer and Puig (2012) and Dietz
and von Helversen (2004). In the study area, they could only be potentially misidentified with Myotis mystacinus, as it is the only other
whiskered bat reported in the Iberian Peninsula, although not in the
study area. However they were separated apart by the smaller size
(FA<33), lighter dorsal colouration, short ears and its pinkish shortest
muzzle (resembling M. daubentonii). The standard measurements —
sex, age (juvenile or adult), reproductive status (passive, active, lactating female, or pregnant female), body mass, and forearm length — were
taken for all captured specimens. Sex and reproductive status were assessed by inspecting genitalia, while age was determined by trans-retroilluminating wing joints (Anthony, 1988).

Radio-tracking
All captured Alcathoe bats were fitted with transmitters Pip AG337
(Biotrack Ltd., United Kingdom), which represented 5–10% of bats’
weight (Brigham, 1988; Hohti et al., 2011). Transmitters were attached
between the scapulae with medical glue, Vetbond (3M S.L., Spain),
after shaving the fur from this area (Hohti et al., 2011). After tagging,
bats were kept inside capture bags for 10 minutes in order to ensure
that the medical glue was completely dry before release. Daily radiotracking was carried out during the following 7–10 days with radio receivers Antenna-AY/C (TitleyScientific Europe, United Kingdom) and
Icom receptors (Icom S.L., Spain).

Roost characterization
Following Lučan (Lučan et al., 2009), all trees with bat roosts were
characterized by considering a total of 10 features: species, height,
height of canopy basement, height of canopy, tree condition, diameter
at breast height (DBH), percentage of bark, distance to a tree with similar DBH, distance to a tree with potential roost, and tree period of sunshine. Tree height and canopy basement height were measured with a
clinometer, and canopy height by subtracting the height of canopy basement from the tree height. Tree condition was classified into six classes:
1: alive/healthy (no decomposition); 2: alive with damage (dead or
damaged canopy, dead branch and fungi); 3: dead (most branches dead,
internal putrefaction and most of the canopy damaged); 4: dead (most
branches fallen, damaged canopy, and a large degree of internal putrefaction); 5: dead (part or more of upper third absent, no branches, and
an advanced state of decay); 6: dead and fallen (fallen tree and most of
the wood decayed). The DBH was measured using a tree caliper. The
percentage of bark and tree period of sunshine were classified into four
classes: 0–25%, 25–50%, 50–75%, and 75–100%. For each roost, five
further specific traits were measured: roost height, type of roost, roost
period of sunshine, and the length and width of the entrance. Roosts
were classified into five types: natural hole (hollow branches and cavities more than 5 cm wide), bark (usually free spaces under the bark),
woodpecker’s nest, crack (hollow branches and elongated cavities less
than 5 cm wide) and others. Although there’s no references in the literature of M. alcathoe roosting in woodpecker’s nests, we have con241
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(50–75%), 6 (75–100%). The habitat characterization is summarized
in Fig. S1 and S2.

Statistical analysis

Figure 2 – Tree condition. Class 1: alive/healthy; Class 2: alive with damage; Class 3:
dead (most branches alive, some internal putrefaction, and most of the canopy damaged);
Class 4: dead (most branches fallen off, damaged canopy, and a large amount of internal
putrefaction); Class 5: dead (part or more of the upper third absent, no branches, and in
an advanced state of decay); Class 6: dead and fallen (fallen tree and most of the wood
decayed).

sidered them as potential roosts as some other tree-dwelling bats such
Bechstein’s and Noctule bats tend to use them (Boonman, 2000; Dietz and Pir, 2009; Dietz and Kiefer, 2016; Kühnert et al., 2016). Roost
height was measured using a clinometer and insolation was classified
into the same four categories as above.
Potential and available nearby roost sites were also quantified and
characterized (Hohti et al., 2011). The five nearest potential roosts
were selected and described. For each potential roost tree, we measured the same parameters as previously described. All potential roosts
were thoroughly checked by direct prospection (optical fiber viewer)
and by searching for indirect signs such as feces at the bases of the
trees to ensure that no bats were roosting there.

Habitat characterization
The habitat in a 10 m radius buffer around each tree was characterized
by measuring four features: number of trees and the amount of tree,
shrub, and herbaceous cover. The number of trees were counted and
classified into six classes: 0–5 cm, 5–15 cm, 15–25 cm, 25–35 cm,
35–50 cm and >50 cm; following Wikum and Shanholtzer (1978), the
vegetation cover was classified using the Braun-Blanquet cover abundance scale: 1 (isolated trees), 2 (0–1%), 3 (1–25%), 4 (25–50%), 5

Figure 3 – Alcathoe bat roosts found during the present study. Numbers correspond to
the roost identity code and match the traits given in Tab. 1..
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Preferences in roost selection in Myotis alcathoe were quantified using compositional analysis and Jacobs’ preference index for the categorical variable (tree species) (Jacobs, 1974; Aebischer at al., 1993;
Kauhala and Auttila, 2010) including selection ratios (% roosts used
/ % roosts available). Jacobs’ index is calculated using the formula:
(r−p)
D = (r+p−2rp) , where r is the proportion of used roosts and p the proportion of available roosts. D varies from -1 (strong avoidance) to +1
(strong preference), and values close to zero indicate that a certain type
of roost is used in proportion to its availability. This approach was used
to test whether any preference between tree species could be detected.
All the different types of roosts were ranked and the significance of
bat selection tested using the residuals of a Chi-square goodness-of-fit
test, with p values corrected with Bonferroni and Westfall confidence
intervals.
Occupancy rate and roost selection were modeled using a binomial Generalized Linear Model (GLM) with the following predictive
variables: species, DBH, roost height, entrance roost area (length ×
width entrance), roost period of sunshine, tree condition, and type of
roost. Following Burnham and Anderson (2004), the most parsimonious models were selected using Akaike’s Information Criterion corrected for small sample sizes (AICc). The best models were obtained
selecting models with an AICc difference from the best model (∆i )<2,
using the R package bestglm v. 0.34 (McLeod and Xu, 2014). To
avoid multicollinearity, the Pearson correlation between the predictors
in the models was calculated using the Corrplot package (Wei and
Simko, 2013) and all predictors with r>0.8 were excluded. Additionally, the Variance Inflation Factor (VIF) of each predictor was calculated; as well, all predictors with VIF>3 were excluded (Neter et al.,
1990). Both entrance length and width were discarded and the entrance
section was used as a surrogate variable. All analysis were carried out
with R 3.2.2 (R Core Team, 2015); models were built with the lme4
package (Bates et al., 2015) and plotted with the effect and ggplot2
packages (Fox and Hong, 2009; Wickham, 2009; Bates et al., 2015).

Results
Amongst the bats recorded in the study area, 18 Myotis alcathoe were
captured (94% in harp traps, Tab. S3). These bats led us to 18 different roosts (Tab. 1, Fig. 3) that included both small and temporary
roosts, as well as big maternity colonies. Eight adult passive males,
one adult passive female, and eight adult lactating females were radiotracked during the study period. Of these, seven tagged individuals
were found to be roosting in the same maternity colony (roost n° 9 and
13, Tab. 1). Some of the other bats led us to four other temporary roosts.
Although three bats shifted from roost to roost during the study period,
they stayed on average only 1–2 nights in each different roost (Tab. S3).
A single breeding female was found every day in a large Ilex aquifolium
during 13 consecutive days (Tab. S3).
Most of the roosts were relatively small hollow branches, generally
no more than 30 cm deep, in trees with low DBHs (an average of
31.2±20.08 cm, in a range of 10–85 cm), and bat colonies consisted
of just a few individuals (1–10, Tab. 1). Due to the difficulty of access to roosts, internal measurements were not taken and were only
estimated by direct observation with an optical fiber viewer. Only one
roost was found in a relatively large cavity, an 85 cm wide dead hollow tree (Tab. 1). Roosts were found in the following tree species: Ilex
aquifolium, Fagus sylvatica, Acer campestre, Quercus ilex, Quercus
pubescens, Quercus suber (Tab. 1). Despite the great variety of tree
species, the typology of the roosts varied somewhat less: 11 natural
holes, 6 cracks in trees, and one under bark. A total of 72.22% of Myotis
alcathoe were found in dead trees (in various states of decay, especially
in still-standing but completely dead trees) (Fig. 3). Maternity roosts
were found in different tree species: A. campestre (2), Q. pubescens
(2), I. aquifolium (2), and Q. suber (1), plus one in a non-determined
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Table 1 – Roost and tree characterization with structural variables. Numbers correspond to images in Fig. 3.
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Table 2 – Tree species selected by Myotis alcathoe calculated using Jacobs’ index and ranked with Westfall and Bonferroni confidence intervals.

Tree species
Ilex aquifolium
Quercus suber
Fagus sylvatica
Acer campestre
Quercus ilex
Quercus pubescens
Alnus glutinosa
Quercus petraea

Occupation (%)

Availability (%)

p-value (Bonferroni)

p-value (Westfall)

Jacobs’

Selection

37.5
6.25
25
12.5
6.25
6.25
0
0

10.7
1.78
21.43
17.86
10.71
16.07
3.57
1.78

1
1
1
1
1
1
1
1

0.922
0.992
0.922
0.325
0.987
0.922
0.922
0.922

0.67
0.57
0.10
-0.21
-0.29
-0.48
-1.00
-1.00

Positive
Positive
Neutral
Neutral
Neutral
Neutral
Negative
Negative

dead tree; the typology of these roosts was as follows: natural holes (6)
and cracks (2), most (66.67%) in dead trees (class 3–6) (Fig. 2).
A total of 52 available potential trees for harboring roosts were selected in the same area and characterized. M. alcathoe positively selected
Ilex aquifolium and Q. suber (Tab. 1). However, adjusted p-values with
Bonferroni confidence intervals provided no evidence that this selection had a significant effect on the general probability of bat occupancy
(Tab. 2).
The best model predicting bat occupancy in available tree roosts only
included the height of the roost as a predictor variable (Occupation
∼ Height of roost, following a binomial distribution). This variable
significantly influenced bat occupancy, and gave higher probabilities
for occupied bat roosts at greater heights, with probabilities of over
50% at above four meters.

Discussion
Our study area (in which maternity colonies were detected annually
from 2009 to 2015) represents the only known breeding area for M.
alcathoe in the Northeast Iberian Peninsula. This area is unique as it
has been all but untouched by forest management for at least a century
due to the difficulty of access that has prevented logging both in the past
and the present (Comas et al., 2013). Similar natural areas with such
mature forests are very scarce in the Mediterranean region (Comas et
al., 2013), which led to a lack of knowledge about the characteristics
that make these old forests so special for these forest bats. Our data
help the unravel the structural traits that make trees suitable roosts for
this rare forest-dwelling bat species, and suggest that current regional
guidelines might be unappropriated for bat conservation.

Tree-species selection
One of the few existing studies of roost ecology in Myotis alcathoe was
performed in the Czech Republic (Lučan et al., 2009) and suggested
that Alcathoe bats select mature forests of oaks (Quercus sp.), hornbeam (Carpinus sp.), silver birch (Betula pendula), and small-leaved
lime (Tilia cordata). Their forests were well developed and mature,
with numerous tall trees in advanced states of decay, and harbored
nearby water points and/or patches of riverside vegetation. The roosts
used in the Czech Republic by this bat generally consisted of small
cracks or cavities in tree trunks or in canopy branches, at about 16 m
above ground level in dying or decaying trees. This study revealed positive selection for the tallest trees. In England, M. alcathoe was also
found in alder forests (Alnus glutinosa), especially in ravines and on
steep slopes, in protected areas (Dietz et al., 2009; Jan et al., 2010). In
Italy Alcathoe bats were found in mature beech forests (Fagus sylvatica) (de Pasquale and Galimberti, 2014), while the first maternity roost
in the NW Iberian Peninsula was recently reported by Hermida et al.

(2013) in a crack in a pedunculated oak (Quercus robur) at 14 m above
ground level in a trunk with no bark. Other radio-tracked bats in this latter study roosted in smaller oaks (Quercus pyrenaica) in natural holes,
up to 4 m above ground level, in trees with a DBH around 30 cm. Although some positive preference has been reported elsewhere for some
tree species, in our study this factor had no significant effect on the
probability of the roost to be occupied by M. alcathoe (Fig. 4, Tab. 3).
Also, unlike in most of the previously mentioned studies, the roosts in
our study area were not generally found in particularly large trees (average DBH=31.22 cm) although centennial trees with DBHs>1 m do
exist in the sampling area (Orta et al., 1992). In fact, most of our bats
were found in small holly trees (Ilex aquifolium) (Peterken and Lloyd,
1967) (Fig. 3 and Tab. 1). However, despite being “small”, many of
these trees were very old, and some were dead and in various states of
decay. These findings highly correspond to what is usually expected for
strictly forest-dwelling bat species in Europe (Lučan et al., 2009). The
fact that larger trees were not apparently selected might be a result of
competition with other bat and non-bat species. Tree species composition in forests where M. alcathoe have already been reported greatly
differ both across Europe and within single localities. This variability
indicates that despite being a forest-dwelling specialist bat, roost selection by M. alcathoe is not restricted (or only minimally driven) by
certain tree species. The only common factor identified amongst all
sites is the high maturity of the forests in which they were found, characterized by the abundance of old trunks and high roost availability.

Structural roost traits selection
Of all the structural variables that could affect roost selection, only
height had a significant positive influence. In general greater heights
provide bats with better protection from predators during the day (Vonhof and Barclay, 1996). Nonetheless, our bats were found at signific-

Table 3 – Results of the occupancy model using a Generalized Linear Model fitted to a
binomial distribution.

Coefficients
(Intercept)
Height
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Estimate

Std. Error

Z value

p>|z|

-2.7134
0.6055

0.7248
0.2143

-3.744
2.825

0.0001*
0.005*

Figure 4 – Effect of “roost height” upon the probability of finding a Myotis alcathoe in a
roost.
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antly lower heights than those reported in previous studies (e.g. Hermida et al., 2013) in which roosts were located 14 m above ground
level. These differences might be due to the fact that the sampled forests
in Italy and the Czech Republic simply had generally taller trees than
those in our study area, where maximum tree heights were only 10–20
m depending on the species (Comas et al., 2013). As in the Czech Republic (Lučan et al., 2009) and Castilla y León (Hermida et al., 2013),
roosts were mainly found in cracks and natural holes, but no typology
was positively selected. Another variable that was not targeted in our
study but that is globally assumed to be an important factor for roost
occupation is roost temperature (Sedgeley, 2001; Flaquer et al., 2014).
This might be especially relevant in maternity roosts (specially in Mediterranean regions), where low temperatures reduce offspring survival
rates (Harbusch and Racey, 2006) and high temperatures threaten offspring survival due to dehydration (Monsalve-Dolz, 2014).

Maternity versus temporal roosts
Bearing in mind that we radio-tracked both reproductively passive individuals (males and females, n=9) and lactating females (n=9), we expected that the characteristics of the roosts chosen by each group would
vary (Flaquer et al., 2007). However, no significant differences were
found between the two groups, being most of the roosts small and temporary. This uniformity may be due to the fact that radio-tracking was
undertaken during the final stage of lactation (as we tried to avoid disturbance during the most sensitive periods of pregnancy). Thus, juveniles were already able to fly and so they did not depend on maternity
colonies, thereby favoring colony dispersion as a means of minimizing predation pressure. This would explain why we only found 1–2
lactating females in most roosts (with the exception of the roosts 9 and
13, Tab. 2), while maternity colonies of M. alcathoe and similar species are known to consist of 10–20 individuals (Buckley et al., 2013).
In the maternity colonies more than one male were present — probably segregated — which has been rarely reported in the literature for
whiskered bats. According to Altringham and Senior (2005), Papadatou et al. (2008) and Angell et al. (2013), this could be a result of the
thermoregulatory benefits to the females.

Implications for conservation
M. alcathoe is a recently described (2001), strictly forest-dwelling bat
species that has historically been confused with the sibling whiskered
bat (Myotis mystacinus), which has led to a general lack of information
regarding its natural history. Specialist forest-dwelling species depend
on the preservation of natural mature forests as they usually have strictly
limited foraging areas and poor dispersal power. Fragmentation and
isolation of subpopulations are major issues for forest species that in
many cases may negatively affect their survival rates (Subirachs et al.,
2009; Camprodon and Guixé, 2013).
Providing information of natural history for those species is essential to understand their conservation status in order to apply an accurate
model of conservation management (Jones et al., 2016). Forest logging, tourism, local usage, as well as species conservation must be
on top of management priorities. This study shows the importance of
maintaining a large number of old trees in forested areas, and especially
emphasizes the important role of certain secondary species of shrubs
(small trees) such as Ilex aquifolium, which can minimize the long-term
effects of logging upon bat species like Myotis alcathoe (Hohti et al.,
2011).
Considering the fact that in 20 years of continuous bat surveys in
the Northeast Iberian Peninsula, breeding colonies of M. alcathoe have
only been found in this particular old forest (with 50–100 dead trees
per hectare), current forest management guidelines (which recommend
a minimum density of 5–10 dead trees/ha as an appropriate logging
practice), might be insufficient for accommodating breeding colonies
of this tree-dwelling bat. More research is thus essential to further test
and improve management logging practices (Russo et al., 2016).

References
Aebischer N.J., Robertson P.A., Kenward R.E., 1993. Compositional analysis of habitat use
from animal radio-tracking data. Ecology 74(5): 1313–1325.

Ahlen I., 2010. Nymffladdermus Myotis alcathoe – en nyupptäckt art i Sverige. Fauna och
Flora 105(4): 8–15. [in Swedish]
Altringham J.D., Senior P., 2005. Social systems and ecology of bats. In: Ruckstuhl K.E.,
Neuhaus P. (Eds.) Sexual Segregation in Vertebrates. Cambridge University Press, Cambridge, United Kingdom. 280–302.
Angell R.L., Butlin R.K., Altringham J.D., 2013. Sexual Segregation and Flexible Mating
Patterns in Temperate Bats. PLOS One 8(1): e54194. doi:10.1371/journal.pone.0054194
Anonymous, 2010. Agreement on the conservation of bats in Europe. Report on the
implementation of the agreement in Latvia 2007–2010. Information EUROBATS.
MoP6.25. Available at http://www.eurobats.org/sites/default/files/documents/pdf/
National_Reports/nat_rep_Lat_2010.pdf
Anthony E., 1988. Age determination in bats. In: Kunz T.H., Parsons S. (Eds) Ecological
and behavioural methods for the study of bats. Smithsonian Institute Press. Washington
D.C. 47–58.
Bambini L., Kofoky A.F., Mbohoahy T., Ralisata M., Manjoazy T., Hosken D.J., Jenkins R.K., 2010. Do bats need trees? Habitat use of two malagasy hipposiderid bats
Triaenops furculus and T. menamena in the dry southwest. Hystrix 22(1): 81–92.
doi:10.4404/hystrix-22.1-4467
Bates D., Maechler M., Bolker B., Walker S., 2015. Fitting linear mixed-effects models
using lme4. J Stat Softw 67(1): 1–48. doi:10.18637/jss.v067.i01
Bohnenstengel T., 2012. Roost selection by the forest-dwelling bat Myotis bechsteinii
(Mammalia: Chiroptera): implications for its conservation in managed woodlands. Bull
Soc Neuchl Sci Nat 132: 47–62.
Boonman M., 2000. Roost selection by noctules (Nyctalus noctula) and Daubenton’s bats
(Myotis daubentonii). J Zool 251(3): 385–389.
Brigham R., 1988. Load carrying and maneuverability in an insectivorous bat: a test of the
5% “rule” of radio-telemetry. J Mammal 69(2): 379–382. doi:10.2307/1381393
Buckley D.J., Lundy M.G., Boston E.S., Scott D.D., Gager Y., Prodöhl P., Marnell F.,
Montgomery W.I., Teeling E.C., 2013. The spatial ecology of the whiskered bat (Myotis
mystacinus) at the western extreme of its range provides evidence of regional adaptation.
Mamm. Biol. 78(3): 198–204. doi:10.1016/j.mambio.2012.06.007
Burnham K.P., Anderson D.R., 2004. Multimodel inference understanding AIC and BIC in
model selection. Sociol Method Res 33(2): 261–304. doi:10.1177/0049124104268644
Camprodon J., Guixé D., 2013. Estado poblacional, selección de refugios y ecologia espacial de las poblaciones de nóctulo grande (Nyctalus lasiopterus) y nóctulo mediano
(Nyctalus noctula) en Cataluña. Barbastella 6(1): 51–59. doi:10.14709/BarbJ.6.1.2013.07 [in
Spanish]
Comas L., Gracia M., Vayreda J., 2013. Inventari de boscos singulars de Catalunya. Atzavara 22(1): 29–36. [in Spanish]
de Pasquale P., Galimberti A., 2014. New records of the Alcathoe bat, Myotis alcathoe
(Vespertilionidae) for Italy. Barbastella 7(1): 3–5. doi:10.14709/BarbJ.7.1.2014.01
Devlin H., 2010. Alcathoe´s bat spotted in Yorkshire and Sussex. The Times April 21.
[Archive article]
Dietz C., Kiefer A., 2016. Bats of Britain and Europe. Bloomsbury Eds. London.
Dietz M., Pir J.B., 2009. Distribution and habitat selection of Myotis bechsteinii in Luxembourg: implications for forest management and conservation. Fol Zool 58(3): 327.
Dietz C., von Helversen O., 2004. Illustrated identification key to the bats of Europe. Electronic publication Version 1.0. Germany.
Dietz C., Nill D., von Helversen O., 2009. Bats of Britain, Europe and Northwest Africa.
A & C Black, London.
FAO, 2011. State of Europe’s Forests 2011. Status and Trends in Sustainable Forest Management in Europe. Ministerial conference on the protection of forests in Europe, Oslo.
Flaquer C., Puig X., 2012. Els ratpenats de Catalunya. Edicions del Brau, Girona. [in
Catalan]
Flaquer C., Puig-Montserrat X., López-Baucells A., Torre I., Freixas L., Mas M., Porres X.,
Arrizabalaga A., 2014. Could overheating turn bat boxes into death traps? Barbastella
7(1): 46–53. doi:10.14709/BarbJ.7.1.2014.08
Flaquer C., Puig-Montserrat X., Fàbregas E., Guixé D., Torre I., Ràfols R.G., Páramo
F., Subirachs J.C., Cumplido J.M., Jarillo R.R., López-Baucells A., 2010. Revisión y
aportación de datos sobre quirópteros de Catalunya: Propuesta de Lista Roja. Galemys
22(1): 29–61. [in Spanish]
Flaquer C., Torre I., Arrizabalaga A., 2007. Selección de refugios, gestión forestal y conservación de los quirópteros forestales. In: Universitat de Barcelona (Ed.) Conservación
de la biodiversidad y gestión forestal: su aplicación en la fauna vertebrada, Barcelona.
465–484. [in Spanish]
Fox J., Hong J., 2009. Effect displays in R for multinomial and proportional-odds logit
models: Extensions to the effects package. J Stat Softw. 32(1): 1–24.
Grindal S.D., Brigham R.M., 1999. Impacts of forest harvesting on habitat use by foraging
insectivorous bats at different spatial scales. Ecoscience 6(1): 25–34.
Harbusch C., Racey P.A., 2006. The sessile serotine: the influence of roost temperature on
philopatry and reproductive phenology of Eptesicus serotinus (Schreber, 1774)(Mammalia: Chiroptera). Acta Chiropterol 8(1): 213–229. doi:10.3161/1733-5329(2006)8[213:
TSSTIO]2.0.CO;2
Hermida R., Arzúa M., Santos L., Lamas F., 2013. Primeros datos sobre Myotis alcathoe
von Helversen & Heller, 2001 en Castilla y León y primer refugio de cría localizado en
el noroeste de la península Ibérica. Barbastella 6(1): 30–33. doi:10.14709/BarbJ.6.1.2013.04
[in Spanish]
Hohti P., Ceľuch M., Danko S., Kaňuch P., 2011. Constraints in the roost-site selection
of the tree-dwelling Bechstein’s bat (Myotis bechsteinii). Hystrix 22(1): 149–157. doi:
10.4404/hystrix-22.1-4519
Hutson A.M., Aulagnier S., Nagy Z., Karataş A., Palmeirim J., Paunović M., 2008. Myotis
alcathoe. The IUCN Red List of Threatened Species 2008: e.T136680A4326892. doi:
10.2305/IUCN.UK.2008.RLTS.T136680A4326892.en
Jacobs J., 1974. Quantitative measurement of food selection. Oecologia 14(4): 413–417.
doi:10.1007/BF00384581
Jan C.M., Frith K., Glover A.M., Butlin R.K., Scott C.D., Greenaway F., Ruedi M., Frantz
A.C., Dawson D.A., Altringham J.D., 2010. Myotis alcathoe confirmed in the UK from
mitochondrial and microsatellite DNA. Acta Chiropterologica, 12(2): 471–483.
Jones H., White A., Geddes N., Clavey P., Farries J., Dearnley T., Boots M., Lurz P.W.,
2016. Modelling the impact of forest design plans on an endangered mammal species:
the Eurasian red squirrel. Hystrix 27(1): 69–74. doi:10.4404/hystrix-27.1-11673
Kauhala K., Auttila M., 2010. Estimating habitat selection of badgers — a test between
different methods. Folia Zool 59(1): 16–25.

245

Hystrix, It. J. Mamm. (2017)

28(2): 240–246

Kühnert E., Schönbächler C., Arlettaz R., Christe P., 2016. Roost selection and switching
in two forest-dwelling bats: implications for forest management. Eur J Wild Res 62:
497–500.
Kunz T.H., 1982. Roosting ecology of bats. In: Kunz T.H. (Ed.) Ecology of bats. Plenum
Publishing coropration, New York. 1–55. doi:10.1007/978-1-4613-3421-7_1
Kusch J., Idelberger S., 2005. Spatial and temporal variability of bat foraging in a western
European low mountain range forest. Mammalia 69(1): 21–33. doi:10.1515/mamm.2005.
003
López-Baucells A., Puig-Montserrat X., Torre I., Freixas L., Mas M., Arrizbalaga A.,
Flaquer C., 2017. Bat boxes in urban non-native forests: a popular practice that should
be reconsidered. Urban Ecosystems 20(1): 217–225.
Lučan R.K., Andreas M., Benda P., Bartonička T., Březinová T., Hoffmannová A., Hulová Š., Hulva P., Neckářová J., Reiter A., 2009. Alcathoe bat (Myotis alcathoe) in the
Czech Republic: distributional status, roosting and feeding ecology. Acta Chiropterologica 11(1): 61–69. doi:10.3161/150811009X465695
Mallarach J.M., Montserrat J., Vila J., 2013. Reptes per preservar els boscos madurs a
Catalunya: II Jornades sobre boscos madurs. IEC, Barcelona. [in Catalan]
McLeod A.I., Xu C., 2014. Best glm: Best Subset GLM. R Package version 0.34.
Menzel J.M., Menzel M.A., Kilgo J.C., Ford W.M., Edwards J.W., McCracken G.F., 2005.
Effect of habitat and foraging height on bat activity in the coastal plain of South Carolina.
J Wildlife Manage 69(1): 235–245. doi:10.2193/0022-541X(2005)069<0235:EOHAFH>2.0.
CO;2
Monsalve-Dolz M.A., 2014. Eventos de mortalidad accidental de Murciélago rabudo
(Tadarida teniotis) en edificios altos de la ciudad de Valencia (España) Barbastella 7(1):
42–45. doi:10.14709/BarbJ.7.1.2014.07 [in Spanish]
Neter J., Kutner M., Nachtsheim C., Wasserman W., 1990. Autocorrelation in time series
data. In: Kutner M., Nachtsheim C., Neter J., Li W. (Eds) Applied Linear Regression
Models. McGraw-Hill, New York. 497–527.
Niermann I., Biedermann M., Bogdanowicz W., Brinkmann R., Bris Y.L., Ciechanowski
M., Dietz C., Dietz I., Estók P., von Helversen O., 2007. Biogeography of the recently
described Myotis alcathoe von Helversen and Heller, 2001. Acta Chiropterologica 9(2):
361–378. doi:10.3161/150811007783527988
Ohlendorf B., och Funkel C., 2008. Zur Vorkommen der Nymphenfledermaus, Myotis
alcathoe von Helversen & Heller, 2001, in Sachsen-Anhalt. Nyctalus 13(1): 99–114.
[in German]
Orta J., Camprodon J., Cucó A., Dejaifve A.P., Domínguez M., Laguna E., Nebot J.R.,
Mayol J., Sansano V., 1992. Historia Natural dels Països Catalans, Espais Naturals. Fundació enciclopèdia Catalana, Barcelona. [in Catalan]
Papadatou E., Butlin R.K., Altringham J.D., 2008. Seasonal Roosting Habits and Population Structure of the Long-Fingered Bat Myotis capaccinii in Greece. J. Mammal 89(2):
503–512. doi:10.1644/07-MAMM-A-163R1.1
Peterken G.F., Lloyd P.S., 1967. Ilex aquifolium L. Journal of Ecology, British Ecological
Society 55(3): 841–858. doi:10.2307/2258429
R Core Team, 20175. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. Available at https://www.R-project.org/

246

Razgour O., Rebelo H., Di Febbraro M., Russo D., 2016. Painting maps with bats: species
distribution modelling in bat research and conservation. Hystrix 27(1): 30–37. doi:10.
4404/hystrix-27.1-11753
Reig J.M., 2013. Estat de conservació dels boscos madurs de Catalunya. Atzavara 22: 73–
78. [in Catalan]
Russo D., Billington G., Bontadina F., Dekker J., Dietz M., Gazaryan S., Jones G., Meschede A., Rebelo H., Reiter G., 2016. Identifying key research objectives to make
european forests geener for bats. Frontiers in Ecology and Evolution 4(1): 87. doi:
10.3389/fevo.2016.00087
Russo D., Cistrone L., Jones G., Mazzoleni S., 2004. Roost selection by barbastelle bats
(Barbastella barbastellus, Chiroptera: Vespertilionidae) in beech woodlands of central
Italy: consequences for conservation. Biol Conserv 117(1): 73–81. doi:10.1016/S00063207(03)00266-0
Sedgeley J.A., 2001. Quality if cavity microclimate as a factor influencing selection of
maternity roosts by a tree-dwelling bat, Chalinolobus tuberculatus, in New Zealand. J
Appl Ecol 38(2): 425–438. doi:10.1046/j.1365-2664.2001.00607.x
Subirachs J.C., Guixé D., Flaquer C., 2009. Efecto de la gestión forestal sobre los
quirópteros en hayedos de Cataluña. Galemys 21(1): 195–215. [in Spanish]
Swystun M.B., Psyllakis J.M., Brigham R.M., 2001. The influence of residual tree patch
isolation on habitat use by bats in central British Columbia. Acta Chiropterologica 3(2):
197–201.
Vaughan N., Jones G., Harris S., 1997. Habitat use by bats (Chiroptera) assessed by means
of a broad-band acoustic method. J Appl Ecol 34(3): 716–730. doi:10.2307/2404918
von Helversen O., Heller K.G., Mayer F., Nemeth A., Volleth M., Gombkötö P., 2001.
Cryptic mammalian species: a new species of whiskered bat (Myotis alcathoe n. sp.) in
Europe. Naturwissenschaften 88(5): 217–223.
Vonhof M.J., Barclay R.M., 1996. Roost-site selection and roosting ecology of forestdwelling bats in southern British Columbia. Can J Zool 74(10): 1797–1805. doi:10.1139/
z96-200
Wei T., Simko V., 2013. Corrplot: Visualization of a correlation matrix. R package version
0.73
Wickham H., 2009. Ggplot2: elegant graphics for data analysis. Springer, Houston.
Wikum D.A., Shanholtzer G.F., 1978. Application of the Braun-Blanquet cover-abundance
scale for vegetation analysis in land development studies. Environ manage 2(4): 323–
329. doi:10.1007/BF01866672
Associate Editor: D. Russo

Supplemental information
Additional Supplemental Information may be found in the online version of this article:
Figure S1 Percentage of cover within a 10 m radius around roost trees.
Figure S2 Distribution of tree size classes within a 10 m radius around roost trees.
Table S3 Data of tagged bats.

