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ABSTRACT
Underground roosts play a key role in the conservation of cave-dwelling bats. In
regions where natural roosts are scarce, human-made artificial roosts can host
important populations of these species. The roosts studied in the present work are
two railway tunnels abandoned in 1984 that have become one of the biggest cavedwelling bats roosts in the region. Several thousands of roosting bats were reported
during summer in the 1990s, and more recently, in the mid-2010s, large groups
of hibernating bats and maternity colonies were found in them (Lizana-Ciudad
2015, Hernández-Tabernero et al. 2016). Now, as a measure for local economic
development, a hiking route following the railroad has been habilitated and it
could threaten bat colonies if many visitors enter into the tunnels. In this work, we
present the data of monthly monitoring carried out during 2018 and we propose
conservation measures that would allow the coexistence of the touristic hiking
route and the remarkable colonies of cave-dwelling bats that the tunnels host. This
monitoring shows that the occupation of the roosts is very dynamic, with different
species occupying each of them in different seasons. Overall, the longest tunnel is
mainly a winter hibernaculum, while the shorter one is used as a breeding roost
which hosts large colonies of bats. The most abundant species in the studied roosts
were Miniopterus schreibersii, Rhinolophus ferrumequinum, Myotis myotis, and
Myotis blythii. These roosts seem to be part of a large transnational network of
underground roosts that are well known on the Portuguese side with very limited
knowledge on the Spanish side. We hope by implementing simple measures, these
roosts can be preserved whilst still maintaining the hiking route for visitor enjoyment
and promoting the economic development of the area.

INTRODUCTION
The biggest and most important hibernation and
maternity roosts of cave-dwelling bats in the province of
Salamanca, Western Iberia, are located in two abandoned
railroad tunnels within the Arribes del Duero Natural Park
(Fig. 1). Nowadays, the railroad has been rehabilitated as a
hiking route, allowing tourists to walk through the tunnels.
This activity will likely decrease the presence of bats in
both seasons. It could even affect bat survival in winter as
disturbances can cause the arousal of hibernating bats’,
therefore significantly increasing energy consumption
during the wintertime (Thomas 1995, Mann et al. 2002, Luo
et al. 2013).
The stretch of the railroad crossing the Natural Park is
a great engineering work that includes 20 tunnels and ten
bridges across only 17 km. It used to connect the Spanish
and Portuguese territories but was abandoned in 1984
Journal of Bat Research & Conservation			

for economic reasons, along with the depopulation of
the region. After its abandonment, the railroad became a
well-known hiking route despite the danger of crossing
the high bridges which were in disrepair. In order to make
the route safer and promote tourism, in 2017, the regional
government started works to rehabilitate the railroad as
a hiking route. The opening to the public was planned for
2018 and postponed for spring 2019. Finally the route has
been opened in 2021 (Corredera 2019, 2020, 2021, Oliva
2020, Uribarri 2021).
Out of the 20 tunnels, only the two longest are known to
host large bat colonies and thus were included in this study.
Before this study was done, historical data was collected
for the two tunnels studied. The long and straight Tunnel
no. 1 seems to have been used increasinglyby bats during
the last few decades. The first surveys carried out in the
1990s only recorded several hundreds of bats, both during
the summer and hibernation periods (Lizana-Ciudad 2015).
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However, during the hibernation periods of 2015 and 2016,
large groups of up to 5800 Miniopterus schreibersii were
estimated in the tunnel. During these surveys, Rhinolophus
ferrumequinum, Rhinolophus hipposideros, Rhinolophus
euryale, Myotis myotis/blythii and Myotis emarginatus were
also found in much lower numbers (Lizana-Ciudad 2015,
Hernández-Tabernero et al. 2016).
The shorter and curved Tunnel no. 3 was already well
occupied in the 1990s, at least during the warm season.
M. schreibersii was the most abundant species, with 4000
and 6000 individuals respectively in 1994 and 1998. During
this period, M. myotis/blythii increased its numbers: from
150 individuals registered in 1994 to 4000 in 1998. Some
years later, during the breeding seasons of 2015 and 2016,
the estimated numbers were smaller but still substainal for
the region: the counting of M. schreibersii resulted in 1000
and 1600 individuals in these years, while 3000 and 2300
M. myotis/blythii were also registered respectively (LizanaCiudad 2015, Hernández-Tabernero et al. 2016).
Due to the presence of the colonies, the railroad
rehabilitation program included establishing fences at the
entrances of both tunnels, which could be closed to prevent
access during specific times of the year. They were installed
in 2017. The fences are composed of a series of vertical bars
and are separated from the entrance to avoid covering the
tunnels completely, leaving space over them to allow for the
emergence of bats (Fig. 2A). In Tunnel no. 1, the fences are
intended to be permanently open, whereas those installed
in Tunnel no. 3 will be closed during breeding times. In the
case of Tunnel no. 3, an alternative path has been already
opened and signalized, providing a way to complete the
route without entering the tunnel.
The colonies have been known about for years, and
valuable surveys to assess the size of the bat colonies had
been carried out for several years (Lizana-Ciudad 2015,
Hernández-Tabernero et al. 2016). However, these surveys
were not consistent through the years, and there is no
detailed information on the occupancy along the complete
annual cycle. Better knowledge of the tunnels’ occupation
would help develop effective management strategies for the
bat colonies, and to better balance their conservation needs
with social or leisure activities. This will be of paramount
importance since the touristic pressure will likely increase
after the opening of the hiking route. With this study we
aim to provide accurate data of bat occupancy throughout
one complete annual cycle. This can be used as a reference
for future surveys and we propose management measures
which faciliate the coexistence of a hiking route alongside
the large bat colonies. We hope the case study presented
here will be used as a baseline for future studies of cavedwelling bats in the Arribes del Duero Natural Park.

MATERIALS AND METHODS
Study area
The tunnels are located at Arribes de Duero Natural Park
in Salamanca province, Western Spain (40.95 N, 6.84 W)
(Fig. 1). It is a natural region formed by deep valleys, canyons
and cliffs created by the erosion of the granitic substrate by
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Fig. 1 - Location of the study area within the Iberian Peninsula. The
red rectangle shows the approximate location of the tunnels within
the abandoned railroad.

the river Duero and its tributaries. This landscape contrasts
with the surrounding high plateau and determines its
warmer Mediterranean climate, free of frosts and relatively
wet (Sanz Herráiz et al. 2003). The region includes Spanish
and Portuguese territory. On the Portuguese side, the area
is protected under the name “Parque Natural do Douro
Internacional”. Both Natural Parks are also included in
the Natura 2000 network as Special Area of Conservation
(SAC), in part because of the presence of several protected
bat species (Rhinolophus hipposideros, R. ferrumequinum,
R. euryale, Myotis blythii, M. myotis, M. emarginatus and
Miniopterus schreibersii) (Natura 2000, Palomo et al. 2007).
Visual counts
Before starting the monthly monitoring of the tunnels
within the abandoned railway tunnel complex, one visit
was done to each of the 20 tunnels along the railway (25th
January and 1st February 2018), concluding that most of
them were too short and illuminated to host colonies except
from no. 1, no. 3 and no. 20. Due to bat occupancy and
logistic reasons, monitoring was focused on tunnels no. 1
and 3, and they were surveyed visually during the day once
a month during 2018.
Bats were counted directly while perching scattered,
and photographs were taken to count large clusters using a
DSLR camera with a 70-300 mm lens and the in-built flash.
Bats in the pictures were counted using the Cell Counter
feature of ImageJ (Rasband 1997). This counting method is
possible in the tunnels because the totality of the ceiling is
visible from the ground (Fig. 2B, 2C). However, we expect a
relatively large error during the breeding season when the
animals were more active. This included some individuals
flying inside the roost during the day. To address this bias,
a conservative estimation of the flying individuals was done
visually and they were added to the final count of the perched
individuals photographed. We identified all bats to species
level in the photographs based on Dietz & Kiefer (2016)
except Myotis blythii and M. myotis which were classified as
Myotis myotis/blythii. Regarding the identification of largesized Rhinolophus spp., all were considered to belong to
Rhinolophus ferrumequinum based on two considerations.
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First, all individuals within close proximity could be identified
to this species by their size and fur colouration. Second,
occasionally echolocation calls were recorded inside the
tunnels using an EM3 detector (Wildlife Acoustics Inc) and
all the constant frequency (CF) echolocation calls could be
confidently assigned to R. ferrumequinum, based on the
frequency of maximum energy (Barataud 2015). However,
it is possible we failed to detect Rhinolophus euryale,
visually or acoustically, as it is also present in the area. This
species is considered vulnerable in the Spanish Catalogue of
Endangered Species (RDL 139/2011) (Lizana-Ciudad 2015,
Hernández-Tabernero et al. 2016).

RESULTS
Tunnel no. 1 hosted large hibernation colonies of M.
schreibersii, mixed with R. ferrumequinum (Fig. 3). The
biggest numbers of M. schreibersii were found in December,
with 8843 M. schreibersii counted, followed by January
(4386 individuals) (Table 1, Fig. 4). Most M. schreibersii
left the tunnel before March and returned in November.
Populations of hibernating R. ferrumequinum were smaller,
with a maximum of 282 individuals found in December (Table
1, Fig. 4). Compared to M. schreibersii, this species’ numbers
decreased later in spring and rose earlier in autumn. We
also found scattered M. myotis/M. blythii in small numbers
throughout the year, although these were mainly solitary
animals (Table 1).
Tunnel no. 3 hosted breeding colonies of M. schreibersii
and M. myotis/M. blythii mixed with some R. ferrumequinum
in smaller numbers (Fig. 3). Adult M. myotis/M. blythii
started to arrive in March and formed a breeding colony
with stable numbers from April to June. In the same way,
M. schreibersii started to arrive at the tunnel in March, but
their numbers grew continuously during the spring (Fig. 4).
R. ferrumequinum was present in the tunnel throughout
the year. While no other species were recorded during the
coldest months (December, January, February) (Fig. 3), more
than 100 R. ferrumequinum remained in the tunnel over
winter. In May and August, only around 20 R. ferrumequinum

Fig. 2 - A) New fences installed in 2017 at the entrance of Tunnel
no. 1 B) Group of Miniopterus schreibersii during hibernation C)
mixed group of M. schreibersii and Myotis spp. during the breeding
season.

were counted in this tunnel, while in previous and following
months we counted 250-350 R. ferrumequinum (Table 1, Fig.
4).
Births took place during the last days of June and the first
two weeks of July for all species. At the end of June, when
it was possible to distinguish adults from furless newborn
bats, we found 634 adults of M. schreibersii, 865 adults of
M. myotis/M. blythii and 260 adults of R. ferrumequinum.
Later, in July, when it was not possible to distinguish adults
and juveniles, we counted a total of 1473 M. schreibersii,
1314 M. myotis/M. blythii and 351 R. ferrumequinum (Table
1, Fig.4).
In addition, only a few R. hipposideros used Tunnel no.
1 as hibernacula, and just two individuals were recorded in
Tunnel no. 3. The least abundant occupant of the roosts was
Plecotus austriacus, with two individuals registered in Tunnel
no. 1 and 1 in no. 3 (Table 1). Finally, during the preliminary
visits to the 20 tunnels in January, five R. ferrumequinum
and eight R. hipposideros were found in Tunnel no. 20.

Table 1 - Total bat counts during the monthly visits to the roosts. M. sch: Miniopterus schreibersii, R. ferr: Rhinolophus ferrumequinum, R.
hip: Rhinolophus hipposideros, M. spp: Myotis myotis/M. blythii and P. aus: Plecotus austriacus.

Tunnel 1

Tunnel 3

Date

M.sch

R.ferr

R.hip

M.spp

20/01/2018

4386

172

4

0

0

25/02/2018

2501

217

5

2

25/03/2018

111

158

6

21/04/2018

4

4

19/05/2018

1

01/06/2018

0

22/07/2018

R.ferr

R.hip

M.spp

P.aus

0

102

0

0

0

0

0

134

0

0

0

0

0

35

134

0

137

0

1

0

0

316

347

0

720

0

10

0

2

0

574

21

0

660

0

0

0

5

0

634

260

0

865

0

0

3

0

0

0

1473

351

0

1314

1

23/08/2018

30

15

0

15

0

1767

15

1

1356

0

29/09/2018

10

49

0

17

1

409

245

0

145

0

21/10/2018

7

203

0

15

1

20

281

0

108

0

27/11/2018

2623

280

12

0

0

4

170

1

4

0

21/12/2018

8843

282

2

82

0

0

130

0

0

0
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Fig. 3 - Relative abundance of the species registered in each tunnel per month during 2018. M. sch: Miniopterus schreibersii, R. ferr:
Rhinolophus ferrumequinum, R. hip: Rhinolophus hipposideros, M. spp: Myotis myotis/M. blythii and P. aus: Plecotus austriacus.

Fig. 4 - Monthly counts of the three most abundant taxa in the two surveyed roosts. The count numbers correspond to the total number
of bats registered for each species or group of species. The timeline in the x-axis is continuous and each survey is represented in the exact
place that correspond to its date. Blue: Tunnel no. 1; red: Tunnel no. 3.

DISCUSSION
Large colonies of M. schreibersii, M. myotis/blythii and
R. ferrumequinum, and few R. hipposideros were found
during our surveys, showing the potential importance of
artificial cavities for these cave specialist species, catalogued
as vulnerable at the Spanish Catalogue of Endangered
Species (Real Decreto Ley 139/2011). According to
estimations included in Hernández-Tabernero et al. (2016),
the population size of M. schreibersii in the province of
Salamanca (12500 km²) is 60000-75000 individuals. Our
results suggest that 10% of the population could hibernate
in these tunnels. According to this report by HernándezTabernero et al. (2016), M. myotis/blythii are estimated
to have a population of 40000 individuals in the region of
Castilla y León (a wide territory of 94222 km²), but in the
province of Salamanca, only two other roosts have been
confirmed to host large breeding colonies of these species
(Lizana-Ciudad 2015). Again, according to HernándezTabernero et al. (2016), up to 10000 R. ferrumequinum
could inhabit Castilla y León. However, no estimations for
the local populations of R. ferrumequinum at the province
of Salamanca are available, while important numbers of this
species have only been reported at two other underground
cavities in the province (Lizana-Ciudad 2015).
Journal of Bat Research & Conservation		

While Tunnel no. 1 hosts hibernation colonies, Tunnel
no. 3 mainly supports maternity colonies. We hypothesize
that the physical characteristics of the tunnels could be
the underlying cause of the different occupation patterns.
While Tunnel no.1 is straight and 1,6 km long, Tunnel no.
3 is curved and 400 m long. This probably creates different
humidity and temperature conditions, making them more
suitable for either hibernation or maternity colonies (Phelps
et al. 2016).
In the context of north-western Iberia, a siliceous area
where natural cavities are scarce, artificial cavities such as
these tunnels gain importance as hibernation and maternity
roosts. In the Portuguese territory, where M. schreibersii
populations have been monitored during the last 20 years,
most of their underground roosts have been found in
abandoned mines (Ramos Pereira et al. 2009). The tunnels
studied here could be part of an extensive network of M.
schreibersii roosts across the Portuguese-Spanish border.
The tunnels are located 10 km from the Portuguese roosts
of Figueira de Castelo Rodrigo and 40 km from those of
Mogadouro. These Portuguese roosts host maternity
colonies of M. schreibersii, R. ferrumequinum, R. euryale and
M. myotis/blythii with movement among them (Palmeirim
& Rodrigues 1992, Ramos Pereira et al. 2009). Given that M.
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schreibersii movements between summer and winter roosts
have been found to be on average 45.1 km for males and 46.8
km for females (Hutterer et al. 2005, Rodrigues & Palmeirim
2008), we hypothesize that bats hibernating at Tunnel no.
1 may migrate to the Portuguese roosts during summer.
In addition, some ringed M. schreibersii were found in the
tunnels which may have come from Portuguese research
projects (Rodrigues & Palmeirim 2008) however, it was not
possible to read the codes. The constant movements of bats
between roosts seem to underlie the seasonal variation of
colony size and could also explain the abrupt fluctuations
found in R. ferrumequinum in Tunnel no. 3 (Fig. 4). In order
to properly assess population trends, monitoring should
continue during the forthcoming years and collaboration
across the border is desirable.
Roost site loss or disturbance have been identified as
significant threats for cave-dwelling bat species across the
world (Frick et al. 2020). The effect of human presence in
underground roosts can disturb bat colonies and affect
reproduction success (Biswas et al. 2011). Tourism, in
addition to direct disturbance, has been shown to negatively
affect cave-dwelling bats by driving changes in temperature
and CO2 concentrations (Zhang et al. 2009) which can induce
arousal from hibernation (Haarsma & De Hullu 2012) and
ultimately could lead to roost abandonment (Furey & Racey
2016).

CONSERVATION MEASURES
Due to its importance as a breeding roost, it is essential
Tunnel no. 3 is closed from at least April (when females start
to arrive) until mid-September (when young bats leave the
tunnel). An alternative trail has already been established
to avoid crossing through the tunnel during these months.
Hence closing Tunnel no. 3, when it is occupied by breeding
bats, would not impact touristic use of the route and would
be a highly effective conservation measure. Perimetral
gating has been shown as beneficial for populations’ of
several cave-dwelling bats in eastern Spain, including the
species breeding at this roost (Machado et al. 2017). To
protect the hibernation colony of Tunnel no. 1, it should
be closed at least from early November until early April.
Currently, no alternative path to avoid Tunnel no. 1 has been
established, but an existing trail that accesses the railway
between Tunnels no. 3 and no. 4 could be signalized as an
alternative route during these months. It also has to be taken
into account that although the fences are over three meters
high and have tips pointing outwards to avoid trespassing,
during our surveys we observed people passing under them.
Cementing or placing metal or wooden planks under the
fences would prevent this behaviour.
We hope the simple measures proposed in this study are
applied so these important bat roosts are preserved, while
the hiking route can still be enjoyed by visitors that help
promote the economic development of the area. Annual
monitoring should be carried out in the tunnels in order
to detect possible changes in the populations. Future longterm monitoring, coordinated with Portuguese colleagues,
would also further our understanding of the role of these
roosts within the roost network of cave-dwelling bats in
Western Iberia.
Journal of Bat Research & Conservation			
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