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Abstract Impact mitigation practices are currently one of
the hottest topics in conservation and regarded as priori-
ties worldwide. Forest bat populations are known to pro-
vide important ecosystem services such as pest control
and bat boxes have become one of the most popular man-
agement options for counteracting the loss of roosts.
However, bat boxes tend to be employed in non-native
forests near highly humanized areas where human distur-
bance is higher. The aim of this study was to evaluate
how the surrounding landscape composition affects
bat box occupancy in urban non-native forests along
the Mediterranean corridor in the Northeastern Iberian
Peninsula. Two hundred wooden bat boxes were monitored
in young non-native forests in the period 2004–2012. The
influence of land cover on occupancy rate of bat boxes was
analysed at the landscape level in a 5 km buffer around
bat-box stations. In total, 1659 inspections were carried out,
in which a 15 % occupancy rate was detected. Bat boxes
hosted three different species (Pipistrellus pygmaeus,
Pipistrellus kuhlii and Nyctalus leisleri). More than 70 % of

the occupancy can be explained by habitat and spatial
composition. The presence of urban areas around bat
boxes tends to have a negative impact on bat occupation
rates; by contrast, forest coverage has a positive effect,
especially for the tree-dwelling bats. These patterns
could be associated with the large number of available
roosts in buildings, microhabitat or phylopatry. Thus, to
increase success, we suggest that landscape composition
should be considered when using bat boxes for
conservation.
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Introduction

At a time when humans are witnessing the Earth’s sixth
major extinction and global change is provoking massive
biodiversity loss, eco-friendly practices and respectful natu-
ral resource management have become one of the hottest
topics in science and conservation, and in general a priority
for societies throughout the world. Bats are known to pro-
vide important ecosystem services such as pest control, pol-
lination and seed dispersal (Kunz et al. 2011; Puig-
Montserrat et al. 2015). However, many bat species – and
especially forest bats – are seriously threatened by human
activities that lead, for example, to habitat fragmentation
and/or deforestation (Kunz and Parsons 2009).

Bats’ roosting requirements play a major role in their
ecologies (Kunz and Lumsden 2003) and must be taken
into account in conservation plans. Tree-dwelling species
are considered to be especially sensitive and threatened by
intensive forestry practices and deforestation given that
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they usually select hollow trees as cavities in which to
roost (Kunz 1982; Brigham et al. 1997; Patriquin and
Barclay 2003; Flaquer et al. 2007; Ruczynski and
Bogdanowicz 2005). Most of these species (with the ex-
ception of those that also roost in caves and buildings)
will switch roost sites, which further complicates conser-
vation strategies since the survival of even small numbers
of bats will depend on the availability of a good number
of suitable trees (Russo et al. 2004, 2005, 2007).

Likewise, ubiquitous species (which tend to select a
range of different roost types) are threatened by the alter-
ation (e.g. house restorations) or destruction of human-
made structures that are sometimes home to sizeable bat
colonies (Pierson 1998; Russo and Ancillotto 2015).
Despite occasional disagreements, most scientists believe
biological conservation should focus on recovering and
maintaining the biodiversity that would naturally be present
in a certain region at a certain time (to mitigate as much as
possible human impact on the ecosystem).

A popular management option for counteracting the loss of
bat roosts in non-native plantations, damaged forests, second-
ary regrowth forests and young coppices (usually conifers) is
the provision of artificial roosting sites such as bat boxes
(Racey 1998; Geoffrey and Agnew 2002; Rueegger 2016).
This practice could provide an effective way of increasing
roost availability and a great opportunity for studying the dis-
tribution of certain bat species and their ecology. In fact, much
valuable work carried out on bats worldwide is based on the
use of bat boxes (Boyd and Stebbings 1989).

Tree-dwelling bat populations greatly benefit from the
placement of bat boxes in otherwise inhospitable woodland
areas (Chambers et al. 2002). Although often used as tempo-
rary roosts, bat boxes are also important during key phases of
bats’ annual cycles such as mating, parturition and even hiber-
nation (Flaquer et al. 2006; Rueeger 2016). Bat boxes are also a
good substitute for natural or human-made roosts for maternity
colonies excluded from buildings (Lourenço and Palmeirim
2004; Flaquer et al. 2006) and alternative sites for mating
roosts for tree-dwelling bats (Benzal 1991; Flaquer et al.
2005). Factors such as box structure, material, height above
the ground and colour can all influence the occupation rate
(Kerth et al. 2001; Lourenço and Palmeirim 2004; Flaquer
et al. 2006, 2014). Nevertheless, despite being widely used in
several countries, there is little available information about how
landscape composition affects bat box occupancy rates and
thus whether or not this technique is suitable for use in all
forests regardless of their degrees of maturity (Rueegger 2016).

Here we present the results of a nine-year bat box monitor-
ing program, conducted in non-native forests surrounded by
highly modified urban landscapes in the Mediterranean wild-
life corridor in Catalonia (NE Spain), with the aim to evaluate
how surrounding landscape structure and composition affects
bat box occupancy.

Material and methods

Study area

The project was run in the Barcelona Provincial Council’s
network of natural parks (100,625 ha), an important corridor
for wildlife that crosses the massive Barcelona Metropolitan
Area (nearly 5 million inhabitants) on the shores of the
Mediterranean Sea. The Mediterranean climate (mean annual
temperatures of ca. 16 °C; average precipitation of 500–
700mm/year) ensures that holm oak (Quercus ilex) formations
are the normal climax forest throughout much of this network
of protected areas, although in many places these forests have
been replaced by secondary coniferous forests of umbrella
(Pinus pinea) and Aleppo (Pinus halepensis) pines.

Bat box stations

More than 200 open-sided wooden bat boxes (100-mm deep,
190-mmwide and 200-mm high; see Flaquer et al. 2006) were
randomly placed in 2003–2005 in clusters of 3–5 boxes (n = 40
stations) in five natural parks (Fig. 1). All boxes in each cluster
were placed 4 m above the ground with randomly chosen
orientations (Fig. 2). Boxes were situated less than 50 m from
each other and each cluster was at least 2 km from the next
nearest one. Boxes were checked annually during the period
2004–2012 in summer and/or autumn. Every bat box was
checked on average 8.49 ± 7.29 times. To avoid unnecessary
disturbance, not all bats were examined during the surveys and
some were classified only as Pipistrellus sp. when it was not
possible to identify individuals of this genus to species level.
Although occupancy rates and abundance give similar results
whenmodelling specific responses to environmental predictors
(Torre et al. 2014), we used the site-occupancy rate rather than
the mean abundance as a proxy for bat box occupancy. The
occupancy rate was defined as the number of occasions on
which a bat species was detected at a locality divided by the
total number of box inspections per locality × 100.

Landscape composition

The influence of land cover on the occupancy rate for both
Nyctalus leisleri and Pipistrellus sp. (both Kuhl’s pipistrelle
P. kuhlii and soprano pipistrelle P. pygmaeus have been re-
ported for this area) was analysed within a 5-km buffer zone
(Boughey et al. 2011; Flaquer and Puig-Montserrat 2012)
around the bat box stations. This buffer size was chosen fol-
lowing Boughey et al. (2011), who assessed the effect of the
configuration of broad-leaved woodland at a landscape scale
on roost selection in other European bat species. Buffers of
this size cover similar bat species’ home ranges and so these
potential zones of influence could greatly affect bat box occu-
pancy success (Boughey et al. 2011). Using a dataset with
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nine different habitat categories (Table 1), all buffer zones
were characterized according to the habitat cover derived from
the information available in the 1:50,000-scale Catalan habitat
cartography (Departament de Medi Ambient i Habitatge,
2005).Within each buffer the proportions of each habitat land-
scape cover were considered as predictor variables. Ameasure
of habitat diversity (Shannon Index) and the distance to the
nearest urban area were also added to the models to assess
how habitat composition at landscape scale (within the
buffers) might affect bat box occupancy rates (Table 1).

Statistical analysis

A matrix with the frequencies of occurrence of all the bat
species found in the boxes (N. leisleri, P. kuhlii and
P. pygmaeus.) was built and associated with environmental

variables (Braak and Smilauer 2002; Leps and Smilauer
2003) using a constrained correspondence analysis (DCA)
and CANOCO 4.5 software. Given that gradient lengths were
less than four, linear ordination methods were used (Leps and
Smilauer 2003).

Redundancy analysis (RDA) was performed to assess
whether differences in bat box occupancy rates between sites
could be explained by environmental variables. Spatial auto-
correlation was previously examined through a Mantel test
including a Monte Carlo permutation test, computed with the
‘ade4’ package (Dray and Dufour 2007). Spatial autocorrela-
tion was found to affect bat box occupancy, indicating higher
similarity on occupation rates among bat boxes that are close
together than among those spatially distant (r2 = 0.149,
nrep = 9999, p = 0.0372). In order to control for spatial auto-
correlation in the occupancy rates, we included a set of spatial

Fig. 1 Situation of the bat box
stations in the Barcelona
Provincial Council’s network of
natural parks (dark grey)

Fig. 2 Bat box model monitored
during the study period in
Barcelona Provincial Council’s
network of natural parks
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predictors – a third-degree polynomial function of the geo-
graphical coordinates – as suggested by Bocard et al. (1992).
This use of partial constrained ordination analyses allowed us
to determine separately the influence of the environment and
the spatial situation of bat boxes on the bat box occupancy
rates. This ordination splits the total variance into a) the envi-
ronmental variation (non-spatial), b) the spatial variance (non-
environmental), c) the spatial-environmental fraction (shared
variance) and (d) the unexplained fraction of variance (see
Bocard et al. 1992 for details). SpaceMaker2 software
(Borcard et al. 2004) was used to obtain the polynomial terms
from the geographical coordinates of the sampled sites.

Next, we modelled and compared the effect of landscape
composition on bat box occupancy success (using logistic
generalized linear models) for forest-dwelling (N. leisleri)
and house-dwelling (all Pipistrellus sp.) bats. Due to the lim-
ited number of bat box stations, only three categories of land
cover were considered as predictors in this analysis: urban,
forest and grasslands/crops, plus the mean distance to the
nearest urban area. To avoid multicollinearity, the autocorre-
lation between the predictors in the models was calculated
using the ‘corrplot’ package (Wei and Simko 2016) and all
predictors with r > 0.6 were excluded. Then, following
Burnham and Anderson (2004), the most parsimonious
models were selected using Akaike‘s Information Criterion
corrected for small sample sizes (AICc). Model-averaging

was used to obtain parameter estimates for the models with
an AICc difference from the best model (Δi) < 2 (Burnham
and Anderson 2004) using the R package ‘bestglm’ v. 0.34
(McLeod and Xu 2014). The results of these models are pre-
sented using the corresponding odds ratio (OR) and their con-
fidence intervals. Models were built and tested using R soft-
ware, version 3.2.0 (R Foundation for Statistical Computing).

Results

A total of 47.5% of the stations (19 stations) were occupied by
bats at least once during the study period. In all, 81 of 200 bat
boxes (40.5 %) were occupied at least once during the nine-
year survey period; 1404 out of 1659 bat box inspections were
negative, that is, only 15 % were found to host bats during
inspections. Considering only positive inspections, 6 % of bat
boxes were found to host more than one bat (up to 50 bats),
although mixed colonies with more than one species were
never found in the area. The mean occupancy rate and mean
bat abundance in bat boxes were strongly correlated in all 40
bat box stations (r = 0.67, P < 0.0001).

Leisler’s bat (N. leisleri) was only found roosting at seven
stations (17.5 %), corresponding to 29 of the 200 bat boxes
(14.5 %), in groups ranging from 1 to 11 individuals. Leisler’s
females usually appear during mid-August and remain in the

Table 1 Explained variance in
the redundancy analyses (RDA)
of total bat box occupancy rates
constrained by environmental and
spatial predictors. Abbreviated
names of the variables used in
Fig. 3

Explained variance p-value

Environmental Variables Grassland cover (Gras) 0.30 <0.01

Habitat diversity (HDiv) 0.08 <0.01

Rocky cover (Rock) 0.05 <0.05

Distance to human settlements (DisHb) 0.04 0.08

Coniferous forest cover (ConF) 0.03 0.24

Evergreen forest cover (EveF) 0.01 0.70

Deciduous forest cover (DecF) 0.01 0.66

Shrubland cover (Shr) 0.01 0.63

Crop cover (Crop) 0.01 0.80

Urban cover (Urb) 0.01 0.62

Water bodies cover (Wat) 0.01 0.50

TOTAL ENVIRONMENTAL 0.56

Spatial variables Polynomial 2 0.14 <0.01

Polynomial 5 0.1 <0.05

Polynomial 4 0.07 <0.05

Polynomial 7 0.04 0.13

Polynomial 6 0.03 0.25

Polynomial 3 0.02 0.32

Polynomial 1 0.01 0.51

Polynomial 9 0.01 0.58

TOTAL SPATIAL 0.42
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bat boxes until mid-May. On the other hand, males were found
throughout the whole year but only gathered in harems with
females from late August to November.

Individuals of the genus Pipistrelluswere detected at all bat
box stations that were also occupied by N. leisleri (in different
boxes) but were also found at stations not occupied by this
forest-dwelling bat species. Both maternity and mating colo-
nies were reported for the genus Pipistrellus. Thirteen bat
boxes (6.5 % of the 200 boxes) were occupied at least once
by P. kuhlii. This species was found to be breeding just once
and mating four times. The Pipistrellus sp. group, which in-
cludes the soprano pipistrelle (P. pygmaeus) and the Kuhl’s
pipistrelle (P. kuhlii), was found in 39 of the 200 boxes at least
once (19.5 %), either mating or alone (range 1–15).

The first redundancy analysis of box occupancy rates
constrained only by environmental variables showed that
these variables explained 56 % of the variance, and that
both the first axis (F ratio = 19.1, P = 0.004) and the
four axes together (F ratio = 2.8, P = 0.01; Table 1) were
significant. Grassland cover (30 %), habitat diversity
(8 %) and rocky outcrops (5 %) were selected as envi-
ronmental variables by the model. Bat box occupancy
rates for both N. leisleri and Pipistrellus sp. increased
from stations in urban and open habitats (grasslands,
shrublands and croplands) to more heterogeneous forest
habitats far from human settlements, as shown in Fig. 3.
The first axis can be interpreted as a gradient from open
and human-made habitats to forests. While forest cover
and distance from human settlements both had positive

scores on this axis, open and human-made habitats had a
negative weight. All bat species showed significant re-
sponses in occupancy rates to the environmental gradient
described by the first axis extracted in the RDA (Fig. 4).
Areas with high occupancy rates (> 66.6 %) had land-use
profiles that were largely dominated by forest cover
(79.78 % ± 0.98 SE), whereas areas with low occupancy
rates (<33.3 %) had more evenly distributed land-use
profi les: forest cover (38.20 % ± 3.68), urban
(21.83 ± 3.13), crops (22.05 ± 4.29) and shrubland
(17.32 ± 2.93) (Fig. 5).

In the second redundancy analysis with occupancy rates
constrained by the spatial situation of bat boxes, environmental
variables explained 42% of the variance, and both the first axis
(F ratio = 19.1, P = 0.004) and the four axes together
(F ratio = 2.8, P = 0.01; Table 1) were significant. The final
model yielded greater influence for environmental variables
(30 %) followed by space (16 %), but with an important frac-
tion of shared variance (26 %) and 28 % of unexplained vari-
ance. Together, environmental and spatial variables in themod-
el explained 72 % of the variance in bat box occupancy rates.

Landscape-cover effects modelled using a generalized
linear model confirmed a positive effect for forest cover in
forest-dwelling (Table 2, Fig. 6). For house-dwelling bats,
the forest cover effect was only slightly significant, together
with the distance to the near human settlement (Table 3,
Fig. 6). The negative influence of urban cover was only
detected for N. leisleri (a forest-dwelling bat), no relation
being found for Pipistrellus sp. (Fig. 6).

Fig. 3 Results of the first redundancy analysis (RDA) showing total
occupancy rates of bat boxes in the environmental space delimited by
5-km buffer areas around bat box stations. Shaded lines are frequencies
of occurrence of bats in bat boxes. Abbreviations of the variables are
given in Table 1

Fig. 4 Bat box occupancy responses by bat species to the environmental
gradient extracted in the first RDA (axis 1). All models were fitted with
Generalized LinearModels with binomial distribution (all responses were
significant: P < 0.01, except for Pipistrellus pygmaeus: P = 0.07)
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Discussion

The placing of bat boxes is one of the most commonly used
bat conservation techniques in Europe; bat lovers, technical
staff, town councils, forest managers, researchers and educa-
tional institutions all use these boxes as alternative roost sites
for bats near urban areas (Rueegger 2016). Nonetheless, there
is a remarkable lack of specific information regarding the
influence of the surrounding landscape composition on box
occupancy, a factor that would seem to be important for forest-
dwelling bats (Boughey et al. 2011; Rueegger 2016). This
consideration should be borne in mind when designing box
placement strategies that will guarantee project efficiency,
especially when funding for biological conservation tasks is
tight and closely controlled.

We provide here strong evidence to suggest that in the
study area bat box occupancy was influenced by landscape
composition around bat boxes and by the spatial distribution
of bat boxes. This pattern was similar for both N. leisleri and
Pipistrellus sp., which have different roosting strategies (tree-
dwelling and house-dwelling, respectively). Occupancy rates
decreased along the gradient of anthropic influence, from
areas covered by natural forests to areas covered by human
landscapes (urban areas and croplands). Thus, our data shows
that boxes placed in non-native forests with a high percentage
of nearby urban land cover will have lower-than-expected
occupation rates. Thus, if landscape composition in surround-
ing areas is not taken into account, bat population trends

cannot be properly measured in forests simply by monitoring
bat boxes, contrary to what is pointed out in theGuidelines for
Surveillance and Monitoring of European Bats (Battersby
2010, and references therein). However, placing bat boxes in
forested areas far from highly urbanized areas is a more reli-
able technique for surveying certain bat species than other
available methods (Jones and McLeish 2004). The fact that
our models also indicated the same patterns as the RDA anal-
ysis strongly supports our hypothesis that forest cover has a
positive effect on bat box occupancy success and that urban
cover has the opposite effect.

The effect that bat box spatial distribution within the land-
scape has on occupancy rates could reflect the territorial be-
haviour of the studied species, which usually return to the
same roost site every year (specially N. leisleri as a migratory
forest-dwelling bats). This also suggests that bats switch be-
tween nearby roosts within the same natural area, thereby
increasing the probability of finding occupied bat boxes near
to known colonies (as opposed to far from known colonies)
(Bartonička and Řehák 2007; Ruczyński and Bogdanowicz
2008; Dondini and Vergari 2009). Phylopatry could explain
why nearby bat boxes (between stations or within the same
region) tend to be more often occupied by bats than isolated
boxes (Boston 2008; Boston et al. 2012). Areas with greater
insect availability or that are better protected from adverse
weather conditions could also possess regionally higher abun-
dances of bats (mostly house-dwelling bats), which could pro-
voke these spatial contagious occupation effects between

Fig. 5 Land-cover composition
within 5-km radius buffer areas
surrounding the prospected
stations, categorized according to
the occupancy rates of the bat
boxes. The median is represented
by a thicker horizontal line, the
box limits are given at their
respective lower (Q1) and upper
(Q3) quartiles, and the vertical
extending lines are standard
deviations. Outliers are plotted as
individual red dots

Table 2 Results of the logistic
regression for Nyctalus leisleri
occupation rates within the study
area

Mod: Nyctalus leisleri ~ Distance to urban settlement + Forest cover + Urban cover, family = binomial

Coefficients: Estimate Std. Error z value Pr(>|z|) OR CI 2.5 % CI 97.5 %

(Intercept) −5.677 2.435 −2.331 <0.05 −5.677 −12.364 −2.187
scale(Dst1000hb) 2.869 1.514 1.895 0.058 · 2.869 0.422 6.653

scale(Forest_cover) 6.373 3.042 2.095 <0.05 6.373 1.757 14.401

scale(Urban_cover) 5.904 2.992 1.973 <0.05 5.904 1.058 13.323
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stations or natural parks (Bartonička and Řehák 2007). In
wetlands with rice paddies where there are no suitable build-
ings or trees for roosting, bat box occupancy rates are extreme-
ly high (>95 %, Flaquer et al. 2006).

In our study the occupation rate of bat boxes by P. kuhlii
and P. pygmaeus was roughly similar (and reduced in com-
parison with the occupation rates in swamps or other areas) to
those of N. leisleri. However, abundance of Pipistrellus sp. in
the study areas is much higher than N. leisleri (Flaquer et al.
2007, 2010; Flaquer and Puig-Montserrat 2012). Such low
occupancy rates could be the consequence of unfavourable
habitat suitability around bat boxes or due to the presence of
alternative roosts. The fact that urban land cover around bat
boxes reduces the occupation rates of house-dwelling bats
could be attributable to the exceptionally high number of
available roosts that this type of landscape provides (Russo
et al. 2004). Buildings often offer optimum roosting sites for
house-dwelling bats and it is possible that only large bat
boxes will tempt these bats to move away from buildings
(Tuttle et al. 2004; Flaquer et al. 2014). Due to the low rates
of occupied bat boxes in urban environments, we do not
recommend to place bat boxes on a large scale in non-
native forests near cities or in highly urbanized landscapes.

The fact that bat box occupancy by the tree-dwelling bat
N. leisleri strongly decreases with urban cover (Fig. 6) high-
lights this species’ need for a minimum size of forest for
roosting during the mating season and when wintering in the
Mediterranean region (no evidence of breeding was found in
the study area). This is probably due to the fact that this

species of bat usually positively selects sites such as hollow
trees, natural crevices and woodpecker nests in which to
roost and breed (Ruczynski and Bogdanowicz 2005). In
general, bat boxes are able to provide relevant data for less
abundant species that would be otherwise almost impossible
to obtain. For instance, N. leisleri (a tree-dwelling species)
was first recorded in the study area in bat boxes (Flaquer
et al. 2010). This species is a long-distant migrant in Europe
and is difficult to capture. It forms small male-only colonies
throughout the year, in which in the northern part of the
Iberian Peninsula females are only present during the mating
season (Ibáñez et al. 2009). Currently, other noctule species
are being monitored using bat boxes in urban areas (Ibáñez
et al. 2009; Alcalde et al. 2013).

Conclusions

As noted by Boughey et al. (2011), landscape composition
has a strong effect on roost occupancy in tree-dwelling bats
and must be taken into consideration when setting up bat
box stations for bat conservation. Small groups of boxes
located in continuous extensions of non-native forests, far
from urbanized landscapes, could provide alternative roost
sites for woodland species and have relatively high moni-
toring efficiency (>30 %). However, the placing of bat
boxes in highly fragmented secondary forests surrounded
by urban areas is not effective as a strategy for bat conser-
vation and does not provide alternative roost sites.

Fig. 6 Proportion of urban and
forest cover in bat box stations
with and without Nyctalus leisleri
and Pipistrellus sp. (*) indicates
that significant differences
(P < 0.05) were found between
categories in most of the best
models fitted using logistic
Generalized Models and ranked
by AICc

Table 3 Results of the logistic
regression for Pipistrellus sp.
occupation rates within the study
area

Mod: Pipistrellus sp. ~ Distance to urban settlement + Forest cover, family = binomial

Coefficients: Estimate Std. Error z value Pr(>|z|) OR CI 2.5 % CI 97.5 %

(Intercept) −0.080 0.369 −0.217 0.8281 −0.080 −0.816 0.661

scale(Dst1000hb) 0.739 0.417 1.771 0.0766 0.739 −0.040 1.632

scale(Forest_cover) 0.752 0.416 1.807 0.0707 · 0.752 −0.020 1.647
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