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ABSTRACT

Bats are highly mobile animals, moving rapidly over long distances. Detecting such movements is
challenging, especially in cave areas, a commonly-used roost by bats. Brazil has a large number of
caves and bat species, but details on bat mobility among caves is still poorly documented there.
Such monitoring provides insights on the structuring and conservation of cave-dwelling com
munities, with possible legal implications for the environmental licensing in Brazil. Based on
marking (2,490 bats captured; 2,142 marked) and recapture (35 events; 14 extra-site), here we
present data on the mobility of mormoopid bats between two bat caves 15 km apart in north
eastern Brazil. Sexual segregation between caves may explain mobility: one cave is likely
a maternity roost; the other is a satellite cave used for copulae. Nomadic behavior due to seasonal
distribution of resources in the semi-arid Northeastern Brazil cannot be ruled out. Based on the
distance between the two caves, bats could potentially forage over an area of ~170,000 hectares,
in a wider use of the landscape. Our data have implications for the conservation of bat species
and their roosts, and contribute to a more evidence-based discussion of key concepts governing
the environmental licensing of mining activities in Brazil.

Introduction
Moving is an essential part of most of a vertebrate´s life.
Bats, in particular, are highly mobile, capable of flying
rapidly over long distances during foraging, with evi
dence of latitudinal and altitudinal migrations available
for species of the families Molossidae, Mormoopidae,
Phyllostomidae, Noctilionidae, and Vespertilionidae, in
both temperate and tropical environments (e.g. Bernard
& Fenton 2003; Esbérard et al. 2011, 2017; Krauel &
McCracken 2013; Arnone et al. 2016; Pavan 2019;
Alcalde et al. 2020). Body size, diet, and thermoregulatory
capacity, together with external factors linked to climate,
variations in the ambient temperature, or even fluctua
tions in the availability of feeding resources, may influ
ence bat mobility among different areas (Lewis 1995;
O’Mara et al. 2014).
Detecting long-distance movements among bats is
challenging: radio-tracking is physically demanding
and logistically constrained by transmitters with small
size batteries; most of the species are too small to carry
the current GPS transmitters; and to be effective tag
ging studies requires large number of marked indivi
duals, but frequently resulting in very low recapture
rates (O’Mara et al. 2014). This situation is even more
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challenging in biodiversity-rich, but poorly sampled
places, like most of the countries in the Neotropics.
This is the case of Brazil, a continental-sized country,
but where the detection of long-distance bat move
ments is compromised by the lack of a national battagging program (Barros et al. 2012). The lack of
a program of this type means that many fundamental
questions persist, such as whether any of the country’s
bat species actually undergo migrations (Bernard et al.
2012). Most of the available data on bat movements in
Brazil have been derived from marking and recapture
studies, which tend to detect limited distance move
ments, typically in urban landscapes or fragmented
forests, or between islands and the mainland (Bernard
& Fenton 2003; Bianconi et al. 2006; Costa et al. 2006;
Albrecht et al. 2007; Menezes et al. 2008; Esbérard et al.
2017). Even so, the data on bat movements and land
scape use for bats in Brazil are still scarce, focusing
primarily on short-distance flights, and on a small
number of species (Bernard & Fenton 2003; Lourenço
2011; Aguiar et al. 2014).
In karst geological formations, where caves are
abundant, bats may undertake movements in search
of new or better roosting conditions (Kunz 1982). Bat
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presence and mobility are among the main factors
affecting the diversity and structure of cave assem
blages (Ferreira 2019; Barros et al. 2020a). Entire cave
ecosystems depend on the guano produced by bats and
may be profoundly affected by their daily movements.
Such mobility may contribute to an increase in the
species richness of each cave (Vargas-Mena et al.
2020), and influence their ecological relationships
with other organisms, from fungi (Cunha et al. 2020)
to parasites (Barbier et al. 2018).
Brazil has 181 species of bats (Garbino et al. 2020)
and an estimated 310,000 caves (Auler & Piló 2011)
but, still, roost mobility by bats in karstic regions has
received very little attention in the country (Campanha
& Fowler 1993; Trajano 1996; Bredt et al. 1999; VargasMena et al. 2020). Such large scientific and data gaps
are detrimental and must be overcome given that the
monitoring of movements between roosts may provide
important insights for the understanding of the struc
ture of cave-dwelling assemblages, and for the ecology
and conservation of species, their roosts, and cave
ecosystems in general (Furey & Racey 2016; Barros
et al. 2020a). Moreover, caves with a high level of bat
mobility may form a single habitat unit, i.e. a set of
caves with distinct entrances located close or separated
in the landscape by kilometers apart, but connected
through the translocation of bats for shelter and repro
duction purposes (Campanha & Fowler 1993; Delfín
et al. 2011), meaning that negative impacts on one cave
may have specific consequences for other caves within
the same region (Trajano 2013; Calderón-Capote et al.
2020). A habitat unit is defined as Therefore,

understanding the mobility of cave-dwelling bats may
also have legal implications in Brazil, especially during
the environmental licensing in the mining sector, for
example (Brasil 2008; MMA 2017).
In this study, we present data from a long-term
monitoring of two bat caves in the Caatinga drylands
of northeastern Brazil. Based on capture, marking, and
recapture in both caves, we demonstrated the occur
rence of mobility between these roosts. We discuss the
causes and consequences of such mobility. Our data
have implications for the conservation of both the bats
and their roosts, and also contribute to a more evi
dence-based discussion of the key concepts governing
the federal environmental licensing of mining activities
in Brazil.

Materials and methods
Bats were marked during a monitoring of two caves
in the Catimbau National Park (Parque Nacional do
Catimbau – hereafter PNC) and the neighboring
Kapinawá Indigenous Land (Terra Indígena
Kapinawá – hereafter TIK) (Figure 1). The PNC
(37º20ʹ50” S, 8º30ʹ14” W) has an area of 62,294 hec
tares and includes parts of the municipalities of
Buíque, Tupanatinga, and Ibimirim, in the state of
Pernambuco, northeastern Brazil. The study region
presents seasonal rains between March and July,
a mean annual rainfall of 800 mm and mean annual
temperature of 23°C (SNE 2002). The local vegetation
is composed by a mosaic of caatinga forests with
herbaceous (height < 2 m), shrubby (2–5 m), and

Figure 1. Catimbau National Park and the adjacent Kapinawá Indigenous Land, in Pernambuco state, northeastern Brazil. Caves Meu
Rei (a) and Furna dos Morcegos (b) are 15 km apart. In (C), a typical view of the Caatinga drylands surrounding the caves, with rock
cliffs, walls and outcrops characteristics of the Catimbau area.
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arboreal strata (8–12 m), plus seasonal forest,
enclaves of humid forest, and rock fields (Gomes
et al. 2006).
Most of the natural caves in the Catimbau region
are formed in sedimentary rocks, composed of sand
stone and conglomerates (SNE 2002). Despite the
speleological potential of the region, caves found in
the Catimbau area are poorly known and have been
the subject of only limited speleobiological research
(SNE 2002). Two caves were studied (Figure 1). Meu
Rei (37º16ʹ48” S, 8º29ʹ12” W) is a bat cave at 777 m
above sea level (asl), with a length of 162 m, a single
entrance, an area of approximately 5,300 m2. Ten
species of three bat families have been observed inha
biting this cave, with a fluctuating colony of
Pteronotus gymnonotus (Mormoopidae) which may
contain as many as 120,000 bats (Otálora-Ardila
et al. 2019). Two of the other species found in this
cave, Lonchorhina aurita and Natalus macrourus are
classified as vulnerable to extinction in Brazil (Brasil
2018). The second cave, Furna do Morcego
(37º22ʹ55” S, 8º34ʹ14” W; 557 m asl) was identified
in the southern extreme of the PNC, at the border
with the TIK. This cave is 44 m in length, with
a single entrance, and an area of 200 m2. Five bat
species from two families were recorded in this cave,
with a large colony composed by P. gymnonotus and
P. personatus.
A total of 17 months of sampling were conducted
between March 2018 and January 2020 (9 months in
2018, seven in 2019, and one in 2020), including 11
dry season months and six in the rainy season. No
trapping was conducted in May 2018 or in March,
June, July, September, or December 2019. Capturemarking-recapture of bats were conducted between
March 2018 and January 2020 at both caves, using
a harp trap (1.50 m × 1.50 m) deployed at the
entrance of the Furna do Morcego cave and within
one of the chambers in the cave Meu Rei prior to the
nightly emergence of the bats. Bats were also cap
tured within of the caves and near entrances using
hand-nets. The harp trap was installed once a month
in each cave, constantly inspected during the sam
pling period to remove bats, and left open until the
flux of emergency ceased nearly 40–45 minutes later.
Visual inspections in the caves confirmed that most –
sometimes all – bats had emerged.
Once captured, the bats were placed in cloth sacks
for processing, which included the identification of the
species, the individual’s sex, age, and reproductive con
dition, and the measurement of its forearm length and
body mass (Gardner 2007; Díaz et al. 2016). Each bat
was fitted with a plastic or stainless-steel collar
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(Handley et al. 1991; Esbérard & Daemon 1999) with
an individually numbered band, and released at the
capture site. Juveniles were not marked.
The linear distance between caves was obtained
using Google Earth (https://earth.google.com/), and
we used that distance to estimate a minimum potential
foraging area, delimited as a circle, using the formula:
A = π × r2, where A = the area of the circle, r = its
radius (the flight distance we detected), and π = 3.14.
The rationale for such estimation was to minimally
demonstrate how far those bats could move away
from their roosting caves, adopting the distance
between capture and recapture sites as a radius for
a buffer area around roosts. The distance bats are
detected far from their cave roosts may have legal
implications during the environmental licensing of
mining activities in Brazil (see the topic Conservation
and legal implications in the Discussion).
The bats were captured and handled in the field
following the guidelines of the American Society of
Mammalogists (Sikes & the Animal Care and Use
Committee of the American Society of Mammalogists
2016). All the procedures used in the present study
were approved in September 2018 by the Ethics
Committee on the Use of Animals (CEUA) of the
Federal University of Pernambuco in Recife (process
0011/2018). The license for the capture of specimens
and collection of zoological material was issued by
SISBIO (number 62738–1).

Results
Species richness and composition
The 34 sampling sessions divided between the two bat
caves resulted in the capture of 2,490 bats, of which,
1,835 at Furna do Morcego cave and 655 at Meu Rei
cave (Table 1). A total of 10 taxa were recorded,
distributed in eight genera and three families (Table
2), of which the Mormoopidae (2 species/2 genera/
2,414 individuals) was the most abundant and fre
quent, contributing approximately 97% of the cap
tures. The other 76 bats belonged to the families
Phyllostomidae (6 species/6 genera/73 individuals)
and Natalidae (1 species/1 genus/3 individuals). Five
species (Desmodus rotundus, Diphyla ecaudata,
Tonatia bidens, N. macrourus, and L. aurita) were
recorded only at Meu Rei cave, and two,
Lonchophylla sp. and Glossophaga soricina were
exclusive to Furna do Morcego. The other three spe
cies (Carollia perspicillata, P. gymnonotus, and
P. personatus) were recorded at both sites (Table 2).
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Table 1. Summary of the marking, recapture, and recovery of
tagged bats (intra- and extra-site) in two bat caves in the
sandstone karst formation of the Catimbau National Park,
Pernambuco state, northeastern Brazil, between March 2018
and January 2020.
Cave
Furna
do
Morcego
1,835
1,530
8
1
36–338
0–302
5
6
39–248
33–132

Meu Rei
655
612
4
8
24–163
23–56
0
3
0
226–300

Bats captured
Bats marked
Bats recaptured intra-site
Collars recovered intra-site
Marking-recapture interval (days)
Marking-recovery interval (days) *
Bats recaptured extra-site
Collars recovered extra-site
Marking-recapture interval (days)
Marking-recovery interval (days) *

Total
2,490
2,142
12
9
5
9
-

*Collars may have remained on the ground for some time before being
detected by the observer.

Table 2. Number of bats captured, marked, and recaptured or
recovered (collars) in the sandstone karst of the Catimbau
National Park, Pernambuco state, northeastern Brazil, between
March 2018 and January 2020. Cp = captured, Mk = marked,
Rc = recaptured, Cr = collar recovered.
Bat cave
Meu Rei
Cp

Mk

Family/Species
Phyllostomidae
Carollia perspicillata
36 22
Desmodus rotundus
1
1
Diphylla ecaudata
23 13
Glossopahaga soricina
Lonchophylla sp.
Lonchorhina aurita
5
5
Tonatia bidens
1
1
Mormoopidae
Pteronotus gymnonotus 577 559
Pteronotus personatus
9
8
Natalidae
Natalus macrourus
3
3
Total individuals
655 612
Total species
8
8

Furna do Morcego

Rc

Cr

Cp

Mk

Rc

Cr

2
-

-

2
4
1
-

2
4
-

-

-

2
-

11 1,697 1,442 13
131
82
-

7
-

4
2

11 1,835 1,530 13
1
5
4
1

7
1

Reproductive conditions
– Considering 2,001 bats for which we were able to
collect reproductive data, overall, males accounted for
most of the total captures at both caves (67.0% at Meu
Rei; 50.7% at Furna do Morcego – Table 3). The overall
male: female ratio was 2.04, but ratios varied between
caves and months: Furna do Morcego had lower ratios
for almost the entire sampling period, indicating the
prevalence of females; at Meu Rei, in September 2018
and February 2019, the male: female ratio was twice of
that observed at Furna do Morcego (Figure 2). Furna
do Morcego maintained a more constant population,
while stronger fluctuations were observed at Meu Rei,
with almost no bats between October and
December 2019. Males with scrotal testicles accounted

for 35.9% of the total captures at Meu Rei, and 25.6% at
Furna do Morcego. Non-reproductive females were
detected along the entire sampling period at Furna do
Morcego, but not at Meu Rei, where they were spor
adically detected. While pregnant females were
observed at Meu Rei only in January 2020, at Furna
do Morcego they were present in October, November,
December 2019, and January 2020. Lactating and postlactating females were detected at both caves in April,
May, and June 2019.

Marking and recaptures
– A total of 2,142 bats were marked, of which, 1,530
(belonging to four species) were captured at Furna do
Morcego cave, and 612 (representing eight species)
were captured at Meu Rei (Tables 1 and 2). Seventeen
marked bats were recaptured (0.79%); two D. ecaudata
and 15 P. gymnonotus. In addition to these recaptures,
18 banded metal collars were found abandoned, 14 in
Meu Rei cave and four at the entrance of Furna do
Morcego cave. All these collars had been set on bats of
the species P. gymnonotus (Tables 1 and 4).
Considering both recaptures and recovered collars,
21 were collected intra-site (12 recaptures and nine
recoveries) and 14 were extra-site (five recaptures and
nine recoveries). All 14 extra-site cases were
P. gymnonotus (Tables 1 and 2), of which, 11 were
individuals marked at Furna do Morcego (Table 4),
that were either recaptured (five) or had their collars
recovered (six) at Meu Rei cave at intervals of between
39 and 248 days (recaptures) and 33 − 132 days (col
lars). The collars of three individuals marked at Meu
Rei cave were recovered at Furna do Morcego, at inter
vals of between 226 and 300 days (Table 4). At Meu Rei
cave, the collars were recovered from the chamber in
which the largest aggregation of P. gymnonotus and
P. personatus was found. At Furna do Morcego, the
collars were recovered from the ground under the
crown of a mesquite tree, Prosopis juliflora
(Fabaceae), near the cave entrance.
Eight of the 12 intra-sites recaptures were of
P. gymnonotus at Furna do Morcego, at intervals of
27–338 days, while the other four were at Meu Rei
cave, including two P. gymnonotus (24 and 57 days
between marking and recapture) and two D. ecaudata
(107 and 163 days). The eight collars recovered from
Meu Rei cave were found between 23 and 56 days after
the bat was marked, and the only collar recovered from
Furna do Morcego cave was found 302 days after the
bat was marked (Table 4). In all cases, the species was
P. gymnonotus.
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Table 3. Reproductive condition of individuals of Pteronotus gymnonotus at Meu Rei and Furna do Morcegos bat caves in the
Catimbau National Park, Pernambuco state, northeastern Brazil, between April 2018 and February 2020.
Rainy Season
Meu Rei
♂ Abdominal Testicles
♂ Scrotal Testicles
♂ Juveniles
♀ Non-reproductive
♀ Pregnant
♀ Post-Lactating
♀ Lacting
♀ Juveniles
Total Meu Rei
Furna do Morcego
♂ Abdominal Testicles
♂ Scrotal Testicles
♂ Juveniles
♂ Subadults
♀ Non-reproductive
♀ Pregnant
♀ Post-Lactation
♀ Lacting
♀ Juveniles
Total Furna do Morcego
Grand Total

Dry Season

APR
29
11
0
9
0
2
1
0
52

MAI
3
2
0
5
0
31
2
0
43

JUN
1
0
0
0
0
0
0
0
1

JUL
28
37
0
43
0
0
0
0
108

AUG
29
20
0
27
0
0
0
0
76

SEPT
20
45
0
9
0
0
0
0
74

OCT
4
1
0
0
0
0
0
0
5

NOV
0
0
0
0
0
0
0
0
0

DEC
0
0
0
0
0
0
0
0
0

JAN
50
0
0
7
40
0
0
0
97

FEB
10
85
0
7
0
0
1
0
103

TOTAL
174
201
0
107
40
33
4
0
559

28
28
0
0
31
0
1
1
0
89
141

54
14
0
0
80
0
71
2
0
221
264

13
6
0
0
39
0
18
0
0
76
77

42
12
0
0
91
0
0
0
0
145
253

42
90
1
0
47
0
0
0
0
180
256

30
46
0
0
26
0
0
0
0
102
176

49
35
0
0
46
2
0
0
0
132
137

41
38
0
0
34
13
0
0
0
126
126

5
20
0
0
8
113
0
0
0
146
146

53
53
0
2
38
44
0
0
0
190
287

2
28
0
0
5
0
0
0
0
35
138

359
370
3
2
445
172
90
3
0
1442
2001

Males:females ratio

14

Meu Rei (M/F)

Furna do Morcego (M/F)

12
10
8
6
4
2
jan/20

nov/19

Oct/19

Agu/19

mai/19

Apr/19

Feb/19

jan/19

Dec/18

nov/18

Oct/18

Sep/18

Agu/18

jul/18

jun/18

Apr/18

0

Figure 2. Male:female ratios for Pteronotus gymnonotus bats sampled at Meu Rei and Furna do Morcegos caves in the Catimbau
National Park, Pernambuco state, northeastern Brazil, between April 2018 and February 2020.

Buffer area around roosts
– The recaptures and collar recoveries indicate that
P. gymnonotus moved 15 km between caves, over
a difference in altitude of 220 m (Figure 1). Most
movements between caves (11) were from Furna do
Morcego to Meu Rei, involving seven males with
abdominal testicles and two with scrotal testicles, in
addition to two adult females, one gestating and one
with no sign of reproductive activity (Table 4). The
movement in the opposite direction was confirmed by
the three collars recovered from near the entrance of
Furna do Morcego cave, which involved three adult
males, two with abdominal testicles and one with scro
tal testicles (Table 4). Using the distance of 15 km

between the caves as the radius, it was possible to
estimate that the marked P. gymnonotus individuals
would be capable of foraging over an area of at least
169,900 hectares.

Discussion
The marking-recapture of bats in the Caatinga dry
lands of northeastern Brazil confirmed the movement
of bats of the species Pteronotus gymnonotus between
caves 15 km apart. These caves are inhabited by sub
stantial colonies of bats – up to 120,000 individuals in
Meu Rei cave – which indicates the use of multiple
roosts and long-distance movements by bats of this

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(2)

(1)

(1)

(1)

(1)

(2)

(2)

(2)

Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad

D. ecaudata
D. ecaudata
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus
P. gymnonotus

(1)

Age

Species

♀
♀
♂
♂
♂
♂
♀
♀
♀
♂
♂
♂
♂
♂
♂
♂
♂
♂
♀
♂
♂
♂
♂
♂
♂
♀
♀
♂
♂
♂
♂
♂
♂
♂
♂

Sex
LC
LC
ST
ST
AT
NR
GS
GS
AT
AT
AT
ST
ST
AT
AT
AT
AT
NR
AT
AT
AT
AT
ST
ST
NR
NR
ST
ST
ST
ST
AT
ST
ST
ST

R.C.
GC096
GC096
559
GC397
GC720
GC145
GC355
451
389
GC676
GC668
GC004
GC033
GC060
GC107
GC214
GC290
GC311
GC349
GC394
GC418
GC446
GC509
GC514
GC521
GC522
GC572
GC749
GC789
230
224
GC686
763
GC698
1050

Band number
38 g
38 g
13 g
12 g
13 g
11,5 g
12 g
14 g
12,5 g
11 g
13,5 g
11 g
12 g
12 g
11 g
12 g
12 g
11 g
12 g
13 g
12 g
11 g
12 g
12,5 g
12 g
12 g
12 g
10,5 g
13,5 g
12,0 g
12,5 g
10 g
11 g
11 g
13 g

Body Mass
29/04/2018
29/04/2018
14/08/2018
12/07/2018
05/09/2018
08/06/2018
10/07/2018
12/12/2018
12/12/2018
05/09/2018
16/08/2018
27/04/2018
27/04/2018
29/04/2018
29/04/2018
10/07/2018
10/07/2018
10/07/2018
10/07/2018
12/07/2018
12/07/2018
12/07/2018
14/08/2018
14/08/2018
14/08/2018
14/08/2018
14/08/2018
05/09/2018
07/09/2018
15/11/2018
15/11/2018
05/09/2018
25/02/2019
05/09/2018
09/08/2019

Date Marked
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Furna do
Furna do
Furna do
Furna do
Furna do
Furna do
Furna do
Furna do
Furna do
Meu Rei
Meu Rei
Furna do
Furna do
Furna do
Furna do
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Furna do
Meu Rei
Furna do
Furna do
Furna do
Furna do
Furna do
Furna do
Morcego
Morcego
Morcego
Morcego
Morcego
Morcego

Morcego

Morcego
Morcego
Morcego
Morcego

Morcego
Morcego
Morcego
Morcego
Morcego
Morcego
Morcego
Morcego
Morcego

Marking site
14/08/2018
09/10/2018
07/09/2018
07/09/2018
11/10/2018
15/11/2018
12/12/2018
20/01/2019
22/01/2019
25/02/2019
25/02/2019
06/09/2018
23/02/2019
23/02/2019
23/02/2019
06/09/2018
06/09/2018
06/09/2018
08/10/2018
23/02/2019
06/09/2018
06/09/2018
06/09/2018
06/09/2018
06/09/2018
06/09/2018
08/10/2018
08/10/2018
08/10/2018
12/12/2018
11/05/2019
11/05/2019
09/08/2019
09/08/2019
20/10/2019

Recapture date
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Furna do
Furna do
Furna do
Meu Rei
Furna do
Meu Rei
Meu Rei
Meu Rei
Furna do
Furna do
Furna do
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Furna do
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Meu Rei
Furna do
Meu Rei
Meu Rei
Furna do
Furna do
Furna do
Morcego
Morcego
Morcego

Morcegos

Morcego

Morcego
Morcego
Morcego

Morcego

Morcego
Morcego
Morcego

Recapture site

PL
NR
AT
AT
AT
AT
GS
GS
GS
ST
ST
AT
ST
ST
AT
AT
AT
AT
NR
AT
AT
AT
AT
ST
ST
NR
NR
ST
ST
AT
ST
AT
ST
ST
ST

R.C.

107
163
24
57
36
160
128
39
41
173
193
132
302
300
300
58
58
58
90
226
56
56
23
23
23
23
55
33
31
27
177
248
165
338
72

Interval (days)

F
F
F
F
F
F
F
M
F
M
M
M
F
M
M
M
M
M
M
M
F
F
F
F
F
F
F
M
F
F
M
M
F
F
F

Status

Table 4. Sex, age, reproductive condition, body weight, and complementary data on the bats captured, marked and recpatured at two sandstone karst bat caves in the Catimbau
National Park, Pernambuco state, northeastern Brazil, between March 2018 and January 2020. Ad = Adult;♀ = female, ♂ = male; R.C. = Reproductive Condition; LC = Lactating;
PL = Post-Lactation; GS = Gestating; NR = Non-Reproductive; AT = Abdominal Testicles, ST = Scrotal Testicles; Status: F = Fidelity, M = Mobility. (1) Collar lost and recovered in Meu Rei
cave; (2) Collar lost and recovered in Furna do Morcego cave.
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species. Long-distance movements have been recorded
previously in only three of the 18 bat species of the
family Mormoopidae (P. quadridens, P. psilotis, and
P. mesoamericanus), which are known to fly distances
of 2–30 km between roosts and foraging areas (Pavan
2019). While there is some evidence of long-distance
movements between diurnal roosts and foraging areas
in P. rubiginosus and P. parnellii, no estimates of the
distances involved are available (Lavariega & BrionesSalas 2016; Pavan 2019).
The few data available on bat movements in Brazil
have been obtained on species of the families
Phyllostomidae and Noctilionidae (Bernard & Fenton
2003; Lourenço 2011; Esbérard et al. 2017), but even
then, data from northeastern Brazil are especially scant.
Given this, the results of the present study provide the
first estimates of the distance of displacement between
diurnal roosts in P. gymnonotus, as well as details of
roost fidelity, with estimates of use of 24–57 days for
one cave (Meu Rei), and 27–338 days for the other
(Furna do Morcego).
Records of site fidelity of D. ecaudata in Brazilian
caves vary between 13 months (Kararaô cave, in Pará
state – Zórtea et al. 2015) and 7 years (caves in Serra do
Cipó, Minas Gerais – Martins 2018). Despite the lack
of extra-site recaptures of marked individuals of this
species in the present study, one marked individual was
sighted in a third cave, the Furna de Mané Bento,
approximately 19 km from cave Meu Rei. This indivi
dual probably came from Meu Rei cave. Movements of
between 4.5 km and 30 km have been recorded in
D. ecaudata (Lourenço 2011; Martins 2018).
Population fluctuations, roost fidelity, and the
need for long-term monitoring
In general, in areas with a high concentration of caves,
bats may present low levels of philopatry, given that, in
theory, roosts would be occupied opportunistically, and
would not be a limiting factor for the establishment of
populations (Trajano 2013). However, cave selection by
bats is not an aleatory process. Temperature is
a limiting factor for several Neotropical bat species,
whereas environmental stability, humidity, and struc
tural attributes of caves favored the occurrence of more
species (Barros et al. 2020a). Existing data also indicate
that some species may remain in their diurnal roosts as
a result of stress (Lewis 1995), presenting fidelity to
sites within a small geographic area, but without any
specific pattern of use, rarely visiting the same roost on
consecutive days (Bianconi & Pedro 2007). However,
familiarity with high-quality roosts may favor the per
sistence of species, like P. gymnonotus, that form
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nursery colonies (Lewis 1995), with this behavior
being reinforced during the reproductive process
(Pavan 2019). In this case, fluctuations in the popula
tion, such as those observed in Meu Rei cave (OtáloraArdila et al. 2019), but less drastically at Furna dos
Morcegos, indicate that these caves are recognized as
roosts with distinct characteristics by P. gymnonotus
bats, which may use these sites in distinct ways. Our
perception is that Furna dos Morcegos is a maternity
roost, while Meu Rei is a satellite cave used for copulae.
However, understanding the exact role of each of these
caves in the reproductive dynamics of the species in
this region would require more detailed, long-term
studies.
Recapture data can strongly vary and may depend
on several factors, from species marked and the land
scape configuration, to the availability of feeding and
roosting resources, and from methodological biases
related to low numbers of bats initially marked, or
even the frequency of recapture sessions (e.g.
Sutherland 2006; Besbeas et al. 2002; Bernard &
Fenton 2003). While low (0.79%), the recapture rate
recorded in the present study was similar to that
obtained by Zórtea et al. (2015), i.e. 0.89% for
n = 589, in two Amazonian sandstone caves, but was
otherwise much lower than the rates recorded at other
Brazilian caves. Pereira (2018), for example, obtained
a recapture rate of 2.9% (n = 585) at caves in Tocantins
state, while Santos (2001) recorded a rate of 9%
(n = 1139) at caves in southern Bahia. Trajano (1981)
obtained a recapture rate of 23.6% (n = 247) in caves in
the Ribeira Valley, in São Paulo state, while Arnone
and Passos (2007) recorded a rate of 29.5% (n = 125) in
a karst formation in Tunas and Cerro Azul, in Paraná,
and Arnone (2008) reached a 30% recapture rate
(n = 1091) in the Ribeira Valley.
The number of bats in a diurnal roost may vary
among different times of the year, according to pat
terns of reproduction and mortality, behavioral para
meters, intraspecific competition for prey, the use of
alternative roosts (Lewis 1995) or even the seasonal
movements or migration some individuals (Esbérard
et al. 2003; Fleming & Eby 2003). Otálora-Ardila et al.
(2019) detected peaks in the abundance of bats at Meu
Rei, intercalated with periods of reduced abundance,
which included the seasonal absence of some species,
but without any clear overall cycle or pattern of use.
Overall, the biota of the Caatinga appears to depend on
the rainfall cycle in this region, and few species have
physiological adaptations to water stress (Garda et al.
2018), as observed in some desert-dwelling rodents
(Carmignotto & Astúa 2017). Some species do migrate
to more humid environments within the Caatinga
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during drier periods; however, while others may alter
their activity cycle and diet, that is, a behavioral
response to the lack of water typical of this biome
(Garda et al. 2018). Despite this, Otálora-Ardila et al.
(2019) found no evidence that rainfall patterns influ
enced the occupation of Meu Rei cave by bat colonies.
Data on the reproduction of bat species in the
Caatinga are still scarce, although reproductive patterns
in tropical bats typically coincide with the rainy season,
when the increased availability of resources supports
the energetic demands of lactation (Willig 1985; Feijó
& Rocha 2017; Otálora-Ardila et al. 2019). Given this,
we hypothesize that the use of bat caves by mormoo
pids in the Caatinga may be influenced by
a combination of resource availability and reproductive
factors. Even so, nomadic behavior cannot be ruled
out, a pattern that would be related to the heteroge
neous distribution of resources and the availability of
vegetation cover found in different parts of the
Caatinga during the rainy season (Garda et al. 2018).
In fact, some Caatinga birds undertake regional migra
tions according to the distribution of the rains (Araújo
& Silva 2017).
Climate models predict a reduction of up to 30% in
the precipitation levels of the semi-arid zone of north
eastern Brazil in the near future, with an increase in the
frequency of severe droughts and the unpredictability
of the rains (Torres et al. 2017). If the maintenance of
large bat populations is linked in some way to the
availability of water in the surrounding landscape, bat
caves could act as environmental sentinels of climate
change. The long-term permanence of bats in such
caves – like at Furna dos Morcegos – could provide
evidence that some bat colonies are more resistant to
external environmental and climatic conditions when
compared to other small vertebrates. This potential
bioindicator role would reinforce the importance of
long-term monitoring of the bat caves of the Brazilian
Caatinga.
Conservation and legal implications
The movements recorded in the present study indi
cated that marked individuals of P. gymnonotus may
range over areas of more than 169,900 hectares. This
estimate indicates that some highly mobile organisms,
such as some bat species, may range over areas that are
larger than many small protected areas – the area of the
Catimbau National Park, for example, is around
62,300 hectares. In fact, the data available from
Brazilian studies indicate that some bat species are
capable of ranging over areas of the order of hundreds
of square kilometers. Bianconi et al. (2006) recorded

movements of up to 4.9 km, Bernard and Fenton
(2003) observed distances of up to 13 km, Costa et al.
(2006), up to 21.7 km, Menezes et al. (2008), 35 km,
Esbérard et al. (2011) distances of up to 71.3 km,
Arnone et al. (2016), up to 113 km, and Ruschi
(1951) and Esbérard et al. (2017) recaptured bats at
a distance of 120 km.
In a bioacoustic study in three protected areas of the
Brazilian drylands – including the Catimbau National
Park – Silva and Bernard (2017) found that
P. gymnonotus may be more common in some areas
than has been shown by captures with mist-nets.
Pteronotus gymnonotus is considered to be an essen
tially cave-dwelling species (Guimarães & Ferreira
2014) and is the principal species responsible, together
with P. personatus, for the formation of major aggrega
tions (bat caves) in northeastern Brazil (Rocha et al.
2011; Feijó & Rocha 2017; Vargas-Mena et al. 2018;
Otálora-Ardila et al. 2019). In the Meu Rei and Furna
do Morcego caves, P. gymnonotus formed mixed colo
nies together with P. personatus, although the latter
species contributed only 6% of the total captures
(Table 2). Movements associated with sexual segrega
tion are known to occur in bat species of the family
Mormoopidae, with females forming exclusive ‘nursery
colonies’ together with their young, while reproductive
males are dispersed in the surrounding area (Herd
1983; Medina-Fitoria 2014; Pavan 2019). Given the
ample mobility these species, it would be useful and
necessary to investigate the possible reproductive con
nectivity of populations between the bat caves known
to exist in the drylands of northeastern Brazil.
Where such sexual segregation exists, for the effec
tive conservation of populations it would be necessary
to preserve whole sets of caves that represent habitat
units (Medellín et al. 2017). In this context, the move
ments of adult male P. gymnonotus with no clear
reproductive signs, recorded in the present study, rein
force the possibility of reproductive movements
between the Meu Reu and Furna do Morcego bats
caves. The confirmation of the common use of caves
separated by a considerable distance, as observed in the
present study, would have important implications for
the conservation of P. gymnonotus and the region’s bat
caves, which may form, in fact, a network of roosts. In
this case, protective measures would be needed to
protect not just one cave, but the whole set of bat
caves, at a landscape scale.
The Brazilian legislation on environmental licen
sing for the mining sector, for example, establishes
the concept of the ‘direct area of influence of a cave’
(Brasil 2008; MMA 2017), which is defined as the
area that encompasses the biotic and abiotic
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elements, both on the surface and underground,
which are necessary to maintain the ecological equi
librium and physical integrity of the cave environ
ment (CONAMA 2004). In this context, the direct
area of influence is an essential element for the pre
servation of a cave and its surroundings, but it is also
fundamental to the environmental licensing of pro
jects that involve potential impacts on natural caves
in Brazil (Brasil 2008; MMA 2017). The legislation
also establishes that the direct area of influence of
a cave should be defined by the licensing agencies,
which may demand specific studies for the identifi
cation of the exact area involved. Despite this, in
practice, both licensing agencies and mining corpora
tions have generally adopted a 250-m buffer zone
around caves and few studies have supported the
need for the establishment of a larger area (Barros
et al. 2020b). Our data contribute to a more evi
dence-based discussion that a 250 m buffer around
caves is clearly an underestimate and insufficient for
an effective conservation of both bats and caves.
Therefore, the area of direct influence of a cave,
a key-concept governing federal regulations for the
environmental licensing of mining activities in
Brazil, must be reconsidered and discussed taking
into account the available scientific information.
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