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Abstract: In the last decades the availability of roosts has been one of the major limiting factors in bat

conservation. Several human-made structures mimic the conditions occurring in natural roosts allowing
the maintenance of bat populations and in some cases, even their range expansion. In the USA and
Europe several bridges have been reported to be used by bats as roosts. We surveyed 52 bridges in Northeastern Portugal and found that 28 bridges were used by bats from 16 species. Most species seem to use
bridge crevices, but cave dwellers were also observed in box girders. At least 3145 individuals were
found roosting in crevices, most of which were identified as Tadarida teniotis. A total of 728 individuals
were captured in 8 different bridges. T. teniotis was the most common species since it was the target
species of these captures. The observed sex bias toward females suggests that bridges are often used as
breeding colonies. Signs of swarming and mating were also observed in September and October. Our
results confirm that modern bridges can play an important role in bat conservation even contributing to
range expansions.

Introduction

Jones et al. 2007). The loss of natural roosts due
In the last decades, the availability of roosts has to land use change has increased importance of
been one of the major limiting factors in bat artificial roosts, and in some cases the latter are
conservation (Hutson et al. 2001). Optimal roosts essential for the survival of many bat species (Bat
provide shelter and reduce individual metabolic Conservation Trust 2012).
costs while supplying suitable conditions for
In USA out the use of bridges by bats as day or night
bats’ annual cycle, including the harbouring of
roosts has been reported several times (Keeley &
hibernation and nursery colonies (Speakman et al.
Tuttle 1999; Adam & Hayes 2000; Mcdonnell
1992; Webb et al. 1995), and also protect bats from
2001; Feldhamer et al. 2003; Hendricks et al.
predators (e.g. Russo et al. 2007)). Several human2005; Geluso & Mink 2009). Twenty-eight of the
made structures mimic the conditions occurring in
47 bat species occurring in the USA are known to
natural roosts (Altringham 1996). These structures
use bridges and culverts as day and/or night roosts
allow the maintenance of bat populations and in
(Keeley & Tuttle 1999; Hendricks et al. 2005;
some cases, even their range expansion (Rodrigues
Geluso & Mink 2009), with Tadarida brasiliensis
et al. 2003): clear examples are mines and cellars
being the most abundant and the most widespread
which frequently provide suitable roosting
species. Twenty-five of these species are listed as
conditions for cave-dwelling species (MitchellBarbastella 6 (1) 2013
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Fig. 1 – Bridges known to be occupied in mainland Portugal (A) and highlight of the study area showing bridges that are occupied and
those that are not (B) and bridges where bats were captured (C).

“low concern” and three are threatened (IUCN
2012).
Guidelines for bridge maintenance taking into
account the presence of bat colonies have been
developed by a number of conservation agencies
(Keeley & Tuttle 1999; NCHRP 2005). These
reports are an example of how bridges are carefully
considered for the conservation of bats in the
U.S.A.

Fig. 2 – Trap specifically designed to capture bats roosting in
bridges.

4

In Europe, studies regarding the use of bridges
as roosts by bats are less common and usually
concerning old stone bridges (Rolandez & Pont
1986; Shiel 1999; Keeley 2007; Masterson et
al. 2008). Nonetheless, there are a few studies
regarding the presence of bats in more modern
bridges (Ibañez & Pérez-Jordá 1998; Dietz
2006; Pysarczuk & Reiter 2008; Hartman &
Herold 2010). In these studies, 32 of the 47
known European species were found roosting in
bridges (Dietz et al. 2009; Marnell & Presetnik
2010): Myotis spp. seem to be the most common,
especially Daubenton’s bats (Myotis daubentonii),
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Table 1 – List of species found roosting in bridges in Portugal, with the bridge part where they were found and conservation
status in Portugal (Cabral et al. 2005), Spain (Palomo et al. 2007) and worldwide (IUCN 2012). (*) Species recently reclassified
for which conservation status has not yet been assessed.
Species

Part of Bridge used

Rhinolophus ferrumequinum
Rhinolophus hipposideros
Myotis escalerai*
Myotis myotis
Myotis daubentonii
Pipistrellus pipistrellus
Pipistrellus pygmaeus
Hypsugo savii
Eptesicus serotinus
Eptesicus isabellinus*
Nyctalus leisleri
Nyctalus lasiopterus
Barbastella barbastellus
Plecotus auritus
Plecotus austriacus
Tadarida teniotis

Box girder
Box girder
Crevices
crevices, box girder
Crevices
Crevices
Crevices
Crevices
Crevices
Crevices
Crevices
Crevices
Crevices
Crevices
crevices, box girder
Crevices

Status
(Portugal)
VU
VU

Status
(Spain)
NT
NT

Status (IUCN)

VU
LC
LC
LC
DD
LC

VU
NA
NT

LC
LC
LC
LC
LC
LC

DD
DD
DD
DD
LC
DD

NT
VU
NT
NT
NT
NT

LC
NT
NT
LC
LC
LC

LC
LC

but Pipistrellus spp., Eptesicus spp. and Plecotus bridges could be as relevant for bat conservation in
spp. among others, also roost in these structures.
Europe as in the U.S.A.
In Europe, guidelines for the consideration of bat
colonies in bridge maintenance are less common
than in U.S.A.: the Eurobats Publication Series
no 4 (Marnell & Presetnik 2010) has devoted a
chapter to this subject, and France, Germany and
U.K. also have some guidelines (Lemaire & Arthur
2002; Mitchell-Jones & McLeish 2004; Dietz
2006; CREN-MP 2009; Laviolle et al. 2011). Yet,
the occurrence of very large colonies is still not
acknowledgeable raising the question of whether

In Portugal, the presence of bats roosting in bridges
are very scarce and has been reported occasionally
and never dealt with by specific surveys (Rainho
et al. 1998; Bekker et al. 2004; Alves et al. 2008).
However, in 2010, during an environmental
assessment study of a highway in North-eastern
Portugal, a large number of Tadarida teniotis was
found roosting in crevices from several bridges
(Reis & Rufino 2012).

Fig. 3 – Number of individuals captured per square meter of net during the study and total.
Barbastella 6 (1) 2013
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Fig. 4 – Tadarida teniotis sex ratio during the study and total (F – Female, M – Male).

We developed two different approaches to confirm
the use of bridges by bat species. On one hand, we
made systematic searches for bat roosts in bridges
of North-eastern Portugal, using binoculars and
a videoscope. In parallel, because T. teniotis is a
species with a large knowledge gap, we surveyed
colonies in bridges from the same region, using a
trap specifically designed for this purpose. In this
paper, we show the first results.

Materials and Methods
The majority of the results presented in here are
from a specific project running since 2012 to study
bats roosting in bridges in North-eastern Portugal
at coordinates 41º20’N and 7ºW (see Highlight
Area in Fig. 1) though other findings obtained in
mainland Portugal are also presented.

Bridge surveys

Captures
We developed a special trap to increase the capture
efficiency of bats roosting in bridge crevices. The
trap consists of a steel frame that can be secured to
the bridge rails or walls. This system can be easily
assembled by two operators and the capturing
surface is adjustable by moving vertically up to
two mist-nets. Length is also adjustable and in our
case up to three sections of 12 meters could be
assembled (Fig. 2).
In 2012 this trap was assembled in 37 nights in a
total of 4982 m2 of nets. Trapping sessions lasted
since sunset till dawn.

Data analysis
For analysis purposes, we only considered results
from captures, namely number of bats captured
and sex composition for T. teniotis.

Preliminary data analysis revealed that data were
neither homogeneous nor normally-distributed,
even after transformation. Therefore, we used
non-parametric tests specifically Kruskall-Wallis
test and Chi-square test (Dytham 2011). Both for
Kruskall-Wallis and Chi-squared tests the null
hypothesis was rejected when p was less than 0.05
(Dytham 2011). Kruskall-Wallis test was used to
test for differences in the number of bats captured
Whenever possible we also surveyed box girders between months, while Chi-squared test was used
to search for bats or evidence of their presence (i.e. to check whether sex composition in T. teniotis
droppings).
captures was random.
We searched bats roosting in crevices from under
the bridges using binoculars (Bushnell Powerview,
10x50mm, 6m minimum focus, 114m field of view)
or from the top of the bridges using a videoscope
(16mm 0lux camera, with 1.9m total length and a
2.36’’ color wireless LCD, from OH!Haus). The
searches were made at both sides of each bridge,
along its full length.
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Table 2 – Bridges surveyed using binoculars and videoscope where bats were found showing species and number of
individuals.
Bridge
Bridge 01
Bridge 02
Bridge 03
Bridge 04

Species
Pipistrellus spp.
T. teniotis
T. teniotis
T. teniotis
Eptesicus spp.

Number individuals
Undetermined
5
45
Undetermined
Undetermined

Bridge 06

Pipistrellus spp.
T. teniotis
T. teniotis

Undetermined
83
164

Bridge 07

Eptesicus spp.

15

Unidentified
T. teniotis

3
368

Bridge 08

Eptesicus spp.

11

Bridge 09
Bridge 10

Unidentified
Eptesicus spp.
T. teniotis
T. teniotis

4
2
Undetermined
73

Unidentified
T. teniotis

1
432

Pipistrellus spp.

994

Unidentified
T. teniotis

2
128

Bridge 13

Pipistrellus spp.

550

Bridge 14

Unidentified
Eptesicus spp.
T. teniotis

2
41
109

Eptesicus spp.

113

Bridge 05

Bridge 11

Bridge 12

Bridge 15

Results

Bridge survey

We monitored a total of 52 bridges during 2012
in North-eastern Portugal, 28 of which were
confirmed to be used by bats while 24 did not show
any signs of occupation (Fig. 1). Additionally,
another six bridges surveyed during other studies
were reported to be used by bats (Fig. 1). Overall,
16 species were found in bridges (Table 1), mostly
in bridge crevices. Some bridges also have a box
girder which is mostly used by cave dwellers, since
it mimics conditions occurring in underground
roosts.

We surveyed 29 bridges using a videoscope and 23
more with binoculars: although some of them were
already known to be used by bats we could obtain a
more precise estimate of the number of individuals
roosting in the crevices and locate new colonies.
This method allowed to detect bat presence in
eight new bridges.
At least 3145 individuals were found in crevices
using the videoscope, 1967 of which were identified
as T. teniotis, 1544 as Pipistrellus spp. and 116 as
Eptesicus spp. (Table 2).
Due to logistic constraints visiting box girders
was not always possible, nonetheless in the four
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that were surveyed, bat presence was confirmed
either from direct observation of individuals or
by the presence of droppings. Cave-dwellers (R.
ferrumequinum, R. hipposideros and M. myotis)
were the most common species roosting in these
structures.

Captures
In 2012 we captured a total of 728 individuals
in eight different bridges, most of which were
identified as Tadarida teniotis. Although this was
the target species, Pipistrellus and Eptesicus species
were also frequently captured. In September the
number of individuals captured by net area was
highest (0.25 individuals/m2) whereas in the other
months capture rates were similar (0.12-0.15
individuals/m2) (Fig. 3). However this difference
was not statistically significant (H = 3.7, n = 36, p
= 0.59). In September T. teniotis was captured on
all nights, with a dawn peak when we observed bats
entering and leaving the roost. Similarly, for the
other species the majority of the individuals were
captured when leaving, or returning to the roosts.
However, Myotis escalerai was never captured
leaving the roosts and on two occasions they were
captured in groups (5-15) trying to enter the roosts
late at night. Myotis myotis (16 males) was captured
in four different bridges. In September we captured
five Hypsugo savii (3 males and 2 females) in the
same place.
When considering Tadarida teniotis alone, a
sex bias was observed toward females, overall
433 females vs. 192 males were capture (Fig. 4)
and Chi-square test confirmed that the number
of captures for both sexes was not random (χ² =
55.83, df = 1, p < 0.00). A gradual decrease in
males’ was observed between May and August
with the latter month corresponding to the lowest
proportion of males relative to females (18%). In
October there was a considerable increase in the
proportion of males (39%; Fig. 4). Only in May
the proportion of males and females was close to
what would be expected if random (χ² = 1.23, df =
1, p < 0.27), while the values observed in August
were the further away from random (χ² = 58.84, df
= 1, p < 0.00).

Discussion

made structures can play an important role in bat
conservation. Such importance is supported by the
high number of species roosting in bridges some of
which are classified as threatened in Portugal (R.
ferrumequinum, R. hipposideros and M. myotis)
and others as Data Deficient (H. savii, N. leisleri,
N. lasiopterus, B. barbastellus, P. auritus and T.
teniotis) (Cabral et al. 2005).
Apart from the findings within our research,
scattered observations in mainland Portugal made
it possible to confirm that bats seem to use bridges
throughout the country. This pattern coupled with
observations of bats also roosting in Spanish
bridges (Ibañez & Pérez-Jordá 1998) suggests
that this behaviour is widespread in the Iberian
Peninsula.
Not only have the survey methods we applied
proven highly effective in detecting the presence
of bats in bridges, but also to monitor bat colonies
roosting in these structures and to capture
individuals. Inspection under the bridges with
binoculars is effective to detect the presence of bats
but it is influenced by the numbers of accesses and
rarely makes it possible to inspect the total length
of the bridge. On the other hand, walking on top
of the bridges with a videoscope to look into the
crevices allowed us to determine the specific areas
where bats were roosting and estimate colony size.
The use of the videoscope was highly efficient
to identify larger species such as T. teniotis and
Eptesicus spp., but the performance was lower for
smaller ones. The use of the trap we specifically
designed to capture bats roosting in crevice
bridges was also highly effective, and when used
in combination with the videoscope it significantly
increased the number of captures by locating the
colonies prior to trapping.
Despite the high species richness observed, crevicedwelling species, particularly T. teniotis, seems to
dominate in these human-made structures. This is
not surprising because some bridges show many
suitable crevices. The high number of individuals
from the genus Pipistrellus found was mainly due
to the presence of large colonies roosting in two
bridges (Bridges 12 and 13, Table 2) near one of
the main villages in the research area. Since these
species are highly related to human presence (Dietz
et al. 2009) bridges near town centres may tend to
host larger Pipistrellus colonies.

The high number of bridges used by bats as The presence of box girders in some bridges can also
roosts we found indicates that such human- present an opportunity for cave-dwelling species.
8
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Unfortunately, due to logistic constraints we were
not able to visit all the box girders. However,
presence was confirmed in the ones that were
surveyed, and although the number of individuals
was low, the amount of droppings found suggested
that these roosts are frequently used. Although we
did not find species such as Miniopterus schreibersii
in the box girders their suitability for other cavedwelling species should not be disregarded, since
these structures seem to mimic cave roosts. In
Southern Italy, during a radiotracking study (Russo
et al. 2002) a large summer colony was found in
one of these structures crossed by a water conduit,
including Rhinolophus euryale, Myotis capaccinii,
Myotis emarginatus and Miniopterus schreibersii
(D. Russo, pers. comm..).

where mountains ridges and deep valleys are more
common. The ability of some of those species to
colonize artificial roosts and particularly bridges
can allow them to expand their range to areas
where they were previously absent or rare due to
the scarcity of natural roosts (Marques et al. 2004).

Conservation implications

Nowadays, natural roosts are under constant
pressure (disturbance or alteration) due to human
activities: artificial roosts such as bridges might thus
play an important conservation. This is particularly
relevant for crevice-dwellers, for which creating
artificial roosts that mimic natural ones is difficult.
Roosting in such artificial structures do not seem
The disproportionally higher number of T. Teniotis to cause stress to bat populations, as shown for T.
females observed in bridges suggests that these brasiliensis (Allen et al. 2011).
are used as breeding roosts albeit no juveniles or
newborns were recorded. The gradual decrease in Our results show that some bridges are colonized
the proportion of males between May and August while others are not: our current research is now
could result from the dispersal of juvenile males. trying to detect which features promote the use of
In September, when males were more common, bridges. Unveiling the environmental variables
they were observed flying in and out of the roosts selected by the different species roosting in bridges
during all night – possibly swarming behaviour is paramount to implement effective management
(Rivers et al. 2006; Glover & Altringham 2008). policies and guidelines.
Furthermore, in October a small number of females
showed mating plugs, a common strategy used by
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