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Abstract: Bats use roost sites to reduce energy costs, for reproduction, and to protect
themselves from harsh weather conditions and predators. The roosts differ in the
environmental and spatial features that may be used by bats during roost selection, but
the relationship between the types of roosts and the physical and spatial characteristics
remain poorly understood. We studied the characteristics of roost sites used by Carollia
perspicillata in a cave with an area of approximately 600 m2 located in a remnant of
tropical dry forest in Colombia.
A total of 156 roost sites were sampled. Temperature, relative humidity, distance of
the roost site from the cave entrance, relative location within the cave, the roost-site
height, and the roost-site area were correlated with each other by canonical correlation
analysis. A total of seven types of roost were identified, Cavity, Protrusion, Crack-withProtrusions, Cavity-with-Protrusions, Cavity-with-Crack-and-Protrusions, Stalactite, and
Rock-Structure. Protrusions had the highest frequency (64) and was preferred, along
with Crack-with-Protrusions (32), over Rocky-Structure (9) and Stalactite (4), and these
were not positively related to the measured characteristics. The Cavity-with-Protrusions,
Cavity-with-Crack-and-Protrusions, and Cavity types were not used by Carollia
perspicillata. The results indicate that the selection of the roost sites is addressed by the
tendency of lower values, environmental characteristics, and spatial measures.

INTRODUCTION
Roost site is one of the most important limiting factors
for bats, as they spend more than half their lives in roostbased activities (O’Keefe et al., 2009). Roosting sites may
be in caves, mines, rocky crevices, cavities in stems, among
leaves, and in human constructions. Bats search for roosts
that allow them to protect themselves from climate variations or predators (Fleming et al., 1998) and that also favor
their reproduction and increase their survival and that of
their offspring (Kurta, 1985; O’Keefe et al., 2009).
The environmental and spatial characteristics of the roosts
affect social structure, residence time, energy balance, and
intensity of intra- and interspecific relationships (Sedgeley
and O’Donnell, 1999). Indeed, environmental characteristics
directly affect metabolic rate and energy balance (O’Donnell
and Sedgeley, 2006), whereas spatial features can influence
parasitism (Altringham, 1988), predation (O’Keefe et al.,
2009), competition (Dechman and Kerth, 2008), and the risk
of offspring falling from the roost during rearing (Sedgeley,
2001). So understanding the characteristics that bats use during roost-site selection allows an improved understanding of
the functional responses to changes in habitat and conditions
and their importance in the conservation of bat populations.
Caves are the most common roost sites used by bats
(O’Keefe et al., 2009). Several authors have stressed the
importance of caves for bat conservation at the regional
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and local levels (Muñoz-Saba et al., 2007). Caves can shelter
numerous bat species whose abundance varies from a few
tens to thousands of individuals (Arita, 1993). In temperate
zones, many species of insectivorous bats use the caves as
permanent roost sites (McCracken and Wilkinson, 2000).
In tropical regions, fruit bats frequently roost in caves
(Kunz, 1982) such as Olhos d’Água Cave in Brazil and
Las Vegas Cave in México, both containing thirteen species,
the highest number known (Medellín and López-Forment,
1985; Trajano and Gimenez 1998). Colombia has an extensive system of underground environments of which an estimated 25% have been mapped (Muñoz-Saba et al., 2007).
Seba’s short-tailed bat Carollia perspicillata and the common vampire bat Desmodus rotundus are the species most
frequently recorded using caves in different regions of the
country (Muñoz-Saba et al., 2007), and Macaregua Cave,
our study site, is the richest, with ten species found (PérezTorres et al., 2015).
Roosting sites like caves may be selected when they provide a suitable combination of characteristics for roosting
(Kunz, 1982; Graham, 1988; Arita, 1996; Aguirre et al.,
2003). For some species of bats, roost selection criteria can
depend on sex, maturity status, and pregnancy status of
females (Sedgeley and O’Donnell, 2004; Willis et al., 2006;
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Figure 1. Macaregua cave, Curití, Colombia.
Perry et al., 2007). However, it remains unclear which features are used to select a specific type of roost in underground environments. In this study, we attempt to relate
physical (temperature, relative humidity) and spatial characteristics (cave entrance distance, height of the roost, relative location, total area) of roost sites used by Carollia
perspicillata with types of roosts present in a karst cave in
a tropical dry forest ecosystem in Colombia.

MATERIALS

AND

METHODS

The Macaregua Cave (6u39936.2″ N and 73u6932.3″ W)
(Fig. 1) is located in Las Vueltas, Curití municipality,
Department of Santander in the northeastern region of
Colombia at an elevation of 1566 m. This cave, not altered
by man, has two galleries, one dry (80 m) and one wet
(approximately 600 m), at least six chambers, and a watercourse for the first 300 m (Pérez-Torres et al., 2015). The
ceiling heights range from 0.22 to 7.3 m, and the passage
widths range from 0.6 to 13.72 m. The cave has ancient
lithostratigraphic units that appear similar to stalactites,
but with a metamorphic-igneous gneiss origin; migmatites,
schists, and small granodiorite intrutions are also present
(Mejia, 2008).
This study was performed in the dry season, between January 16, 2011 and February 8, 2011, which is the reproductive
period of this species of bat. Throughout the parts of the 600 m
of wet gallery used by Carollia perspicillata 156 sites were cataloged. Each roost site was classified according to the structure
of the roof of the cave and taking into account the criteria by
Unesco and FAO (1972). Roosts were classified into one
of seven types, Cavity, Protrusion, Crack-with-Protrusions,
Cavity-with-Protrusions, Cavity-with-Crack-and-Protrusions,
Stalactite, and Rocky-Structure, the last of which includes
those not in any other class, and temperature and humidity
measurements were taken at each visit.
At each roost site the roof temperature (62¡1 uC) was
measured using a Fluke infrared thermometer 62 with laser

pointer, and relative humidity was measured below each
roost site using a thermohygrometer Hanna HI 93640
(¡ 2%) in both the morning (0700–1000 h) and afternoon
(1500–1800 h); readings were then averaged to produce
daily mean values for each type of roost (Table 1). Light
was not considered in the study because the cave from
100 m is in complete darkness.
At each roost site roost distance to the entrance of the
cave was measured using a decameter. Relative location of
the roost site within the width of the passage, as the distance
from the right wall divided by the width, and the height of
the roost site from the cave floor were measured directly.
The area of the passage at each roost site was estimated by
photographic analysis using ImageJ software (Table 1).
Roost types associated with physical location and envi‐
ronmental and spatial characteristics were subjected to
canonical correspondence analysis using CANOCO v4.5
(Braak and Smilauer, 2002). Monte Carlo procedures were
used to determine if there was a linear relationship between
the variables and types of roost (index p , 0.05 5 Rho).We
evaluated which roost sites were preferred, used, or avoided.
For this, the software used was HaviStat v2.2. The program
applied several indexes based on the observed frequency and
the potential use (area available) of the types of roost found.
(Montenegro et al., 2014).

RESULTS
The average monthly temperature of the cave varies
between 23.2 and 27.3 uC, whereas relative humidity varies
between 84.5 and 97.2%. Carollia perspicillata individuals
are found along the wet passage except between 300 and
400 m from the cave entrance, which is an area in which
insectivorous bats (Mormoops megalophylla and Natalus
tumidirostris) roost. This section divides the wet section
occupied by C. perspicillata into two zones, zone 1 from
100 to 300 meters and zone 2 from 400 to 530 m.
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Table 1. Types of available roosts in the part of Macaregua Cave where Carollia perspicillata bats roost and average environmental and spacial parameters.
Number

Type of Roost
Protrusion
Crack with
Protrusions
Cavity with
Protrusions
Cavity with
Cracks and
Protrusions
Rocky
Structure
Cavity
Stalactite

Environmental

Roost Details
Height of Roost
Above Cave
Floor, m

CrossSectional
Area, m2

92.00 ¡ 3.63 308.22 ¡ 134.19
93.03 ¡ 2.87 338.47 ¡ 132.27

2.99 ¡ 0.63
3.14 ¡ 0.57

0.46 ¡ 0.19
0.46 ¡ 0.15

25.67 ¡ 1.18

95.05 ¡ 3.62 276.29 ¡ 119.23

3.57 ¡ 0.59

0.45 ¡ 0.20

2

25.57 ¡ 0.50

93.08 ¡ 0.83 247.33 ¡ 87.95

4.01 ¡ 0.44

0.36 ¡ 0.13

9

0

24.70 ¡ 0.73

88.43 ¡ 3.72 200.50 ¡ 42.18

2.79 ¡ 0.78

0.24 ¡ 0.19

6
4

0
0

24.58 ¡ 0.73
24.52 ¡ 0.82

88.34 ¡ 3.51 176.46 ¡ 52.78
90.05 ¡ 0.82 142.84 ¡ 34.99

3.30 ¡ 0.70
2.24 ¡ 0.29

0.26 ¡ 0.26
0.06 ¡ 0.02

Total

Zone
1

Zone
2

Temperature,
uC

Relative
Humidity, %

64
32

47
19

17
13

25.64 ¡ 0.86
25.99 ¡ 0.99

25

19

6

16

14

9
6
4

Seven types of roost (Fig. 2) were located in those zones
of the cave. Between 80 and 300 m from the cave entrance
(zone 1) 118 roost sites were identified, whereas between
400 and 530 m (zone 2) 38 roost sites were identified. The
frequency of different types of roost differed significantly
within the cave environment ( χ2 5 119.2, df 5 6, n 5 156,
p , 0.001). Protrusion (n 5 64) and Crack-with-Protrusions

Cave Entrance
Distance to
Roost, m

(n 5 32) were the most frequent types of roost (Table 1).
Rock-Structure, Cavity, and Stalactite roost sites were present only in zone 1. Other types of roost were found
throughout the cave.
The difference between the temperature data taken
in the morning and in the afternoon was not significant
(W 5 –1.6; n 5 156; p 5 0.112), but between the morning

Figure 2. Examples of types of roost found in the cave: a. Cavity; b. Protrusion; c. Crack-with-Protrusion; d. Cavity-withProtrusions; e. Cavity-with-Cracks-and-Protrusions; f. Stalactite; g. Rocky-Structure.
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the roosts with low or medium values are those grouped
under that type of roost.

DISCUSSION

Figure 3. Canonical correlation analysis ordination of the
types of roost with environmental and spatial characteristics.
Triangles represent the types of roost: Cavity (C), Protrusion
(P), Crack-with-Protrusions (CrP), Cavity-with-Protrusions
(CP), Cavity-with-Cracks-and-Protrusions (CCrP), Stalactite (S), and Rock structure (RS). Vectors represent the
environmental and spatial variables of the roosts: Temperature (T6), relative humidity (RH), cave entrance distance
from roost (CED), height of the roost above the ﬂoor (H),
relative location (fraction of passage width that is distance
from right wall, RL), and total passage area (TA) (Table 1).
The orientation of the arrow and the size represents the
association, direction, and strength between environmental
and spatial variables and ordination axes. The ﬁrst and
second axis explains 62% and 45.3%, respectively, and the
total value of the organization itself was 0.768.

and afternoon relative-humidity data significant differences
were found (W 5 –3.3; n 5 156; p 5 0.001).
Protrusion was the most common type of roost observed
(0.41), with Cracks-with-Protrusions next (0.21); RockStructure (0.07) and Stalactite (0.04). Stalactite was the type
of roost most used (Manly and Thomas, 1993: 10.6 . 1 prefers) and Rock Structure was the second one (Manly and
Thomas, 1993: 2.4 . prefers). The Cavity-with-Protrusions
(0.16), Cavity-with-Crack-and-Protrusions (0.11) and Cavity
(0.04) were not used by Carollia perspicillata.
Environmental (temperature, relative humidity) and spatial (distance to cave entrance, roost height, roost relative
location, available area) variables were associated with the
different types of roost (Table 1). Cumulative variance in
the types of roost was: axis 1: 50.1%, axis 2: 76.8%, axis 3:
90.5%, axis 4: 97.3%, respectively (Fig. 3). The large values
in the first two axes indicate that the measured variables are
significantly explained by the types of roost. The rock structure was inversely related to the measured characteristics, so

Roost selection by Carollia perspicillata was significantly
correlated with temperature and Stalactite was the type of
roost site most preferred followed by Rock Structure. Species such as Sturnira lilium, C. perspicillata, and Artibeus
lituratus select roosts with high altitude in the cave passage
(Ortiz -Ramirez et al., 2006). Temperature was a major factor for selection of the types of roost in our study (Table 1),
as observed previously (Snoyman and Brown, 2011). In
other studies, the temperature is the most important aspect
(Vonhof and Barclay, 1996; Fleming et al., 1998; AvilaFlores and Medellin, 2004), and in some others,it is not so
important (Ortiz-Ramirez et al., 2006).
Macaregua is a warm cave, and its temperature range
(23.25 to 27.28 uC) coincided with previous findings that indicate that Emballonuridae, Mormoopidae, Phyllostomidae,
and Natalidae bat families prefer warm roosting sites
(Avila-Flores and Medellin, 2004; Broders and Forbes,
2004). Selection of warmer roosting sites is important because
it reduces the need to invest energy resources in bodytemperature homeostasis while sleeping (McNab, 1982).
Spatial characteristics of roost sites can influence heat
dissipation and facilitate bat-flight maneuvers in the case
of disturbance (Kurta, 1985). The disturbance associated
with the entry and exit of the cave (Clark et al., 1996) and
the space within the roost site limits the number of bats
that use it. Roost structure can also affect social organization (Kunz, 1982) and the formation of groups for thermoregulation (Kurta, 1985), whereas microclimate features of
roost sites (Bell et al., 1986) and microstructural heterogeneity favors the establishment of multi-species bat assemblages
in caves (Brunet and Medellin, 2001).
Future studies could examine the role of gas concentration on roost site selection, as it is clear that temperature
and humidity may vary with changes in the local gas concentrations, particularly the accumulation of ammonia in
the atmosphere (McFarlane et al., 1995). This is of particular relevance in caves where changes in the gaseous composition of the atmosphere can correlate with local increases in
temperature of .3 uC (Baker and Genty, 1998). The role of
reproductive status and sex-based differences in roost-site
selection are also likely to provide valuable information
for promoting bat conservation programs involving cave
habitats in the Neotropical region.

CONCLUSION
Roost selection by Carollia perspicillata involves a combination of physical, spatial, and environmental variables.
Stalactite was the type of roost site preferred, and temperature was the major environmental factor.
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