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Abstract: The strong link between bats and their roosts is widely recognized as being particularly significant.
Despite this, roosting ecology of bats is poorly understood and much of the basic information is still unknown.
In this study, we investigated the availability and occupation patterns of four roost types (trees, caves, termite
nests and tents) used by bats at Tirimbina Biological Reserve (TBR), Costa Rica. To accomplish our aim, we
systematically surveyed both sides of established trails and transects, looking for understory roosts. Potential
roosts were examined for bat presence in order to establish occupation. Roost availability and density were esti-
mated using traveled distances (km) and inspected area (10 m for trees/caves and 15 m for tents/termite nests)
of each trail or transect sampled. For the tent roosts, data on taxonomic information of plant modified, type of
architecture, condition and construction achievement were also recorded. The area surveyed represented 45.4
% of the total area of the TBR (345 ha). Tents were the most common roost (56.6 % of all roosts, N = 223),
followed by trees (24.4 %, N = 96), termite nests (18.8 %, N = 74) and caves (0.2 %, N = 1). We detected only
27 roosts occupied by bats (6.8 % of all roosts, 0.17 occupied roosts/ha). Caves showed the highest occupation
rate (100 %, N = 1), followed by trees (17.7 %, N = 17), tents (3.6 %, N = 8) and termite nests (1.3 %, N = 1).
We found the roosts for 10 species, representing 33.9 % of the bat fauna documented at the reserve (62 species).
Density of roosts per bat species varied between 0.017-0.138 roosts/ha. Phyllostomidae was the best-represented
family with Micronycteris microtis representing the most common species encountered. Four distinct tent
architectures were documented. Bifid architecture was the most common (133 tents), followed by Conical (47
tents), Apical (27 tents) and Inverted Boat (16 tents). Most of the tents found were healthy (76.7 %, N = 171)
and totally constructed (88.8 %, N = 198). Our study demonstrated that occupied bat roosts are difficult to find
in the forest. When compared to the roost availability, the low occupation rates suggested that, at least in our
study area, roosts might not be a limiting resource. Nevertheless, to confirm this hypothesis, information about
fidelity and selection process of the species is fundamental for understanding to what extent these roosts meet the
requirements to be inhabited or modified. Worldwide conservation efforts on bats should focus on understanding
roosting ecology, especially due to anthropogenic pressures that are continuously reducing the availability of
roosts, which undoubtedly contributes to the risk of extinction for specialized and sensitive species. Rev. Biol.
Trop. 64 (3): 1333-1343. Epub 2016 September 01.

Key words: Costa Rica, Neotropical bats, Phyllostomidae, roosting ecology, bat tents, Sarapiqui.

Neotropical bat species are particularly  represent around 30 % of the global number
abundant and diverse (Fenton, 1992; Kalko, of bat species and over 50 % of mammalian
1998). With about 98 genera and 385 spe- species locally. As possible explanations, some
cies (Solari & Martinez-Arias, 2014) they authors have proposed that this incredible
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diversity in Chiroptera is explained by vari-
ables such as spatial heterogeneity (Kalko &
Handley, 2001), diet and foraging habitats
(Kalko, 1998) and roost availability (Hum-
phrey, 1975; Kalko, 1998).

It is widely recognized that roosts are con-
sidered one of the most biologically significant
resources for these mammals (Kunz, 1982;
Grindal & Brigham, 1999; Fenton, 2003).
Because bats spend the entire daylight hours
and frequently visit roosts during nightly activ-
ities, they spend more than half of their life in
roosts, therefore the availability and quality of
this resource is critical (Kunz, 1982). Roosts
are important sites used by bats for mating,
hibernation and rearing young, besides they
facilitate social interactions, offer protection
from weather or predators, minimize energy
expenditure (Kunz, 1982) and even can limit
the presence, abundance and diversity of bats
species in an area (Humphrey, 1975; Kalko,
1998; Aguirre, Lens, & Matthysen, 2003).
Roost resources are highly variable, rang-
ing from mines, caves, rock crevices and
tree hollows, foliage, modified leaves, live
termite nests, armadillo holes to man-made
structures (Kunz, 1982; Simmons, Voss, &
Fleck, 2002; Kunz & Lumsden, 2003). The
presence of these resources could facilitate the
coexistence of multiple species within small
but highly diverse regions (Humphrey, 1975;
Kalko, 1998).

Despite the importance of roosts to bat
ecology, information is lacking about the roosts
or the roosting ecology for most bat species
(Fenton et al., 2001; Agosta, 2002). In Neo-
tropical regions where occupied day roosts
can be extremely difficult to locate (Aguirre et
al., 2003), basic but critical roost information
like occupation, preferences, selection, den-
sity and abundance are almost nonexistent for
most species (Diaz & Linares Garcia, 2012).
Information available for some few species
suggest that occupation patterns of the bats are
shaped by factors like fidelity or lability of the
species or individuals, predation, parasitism
and roost availability and permanency (Lewis,
1995). On the other hand, selection process

of roosting resources is another complex bat
behavior that is influenced by several variables
like structural roost characteristics, macro and
micro habitat associated to it, roost avail-
ability and bat species preferences (Timm &
Mortiner, 1976; Choe & Timm, 1985; Timm
& Lewis, 1991; Stoner, 2000; Aguirre et al.,
2003; Kalko, Ueberschaer, & Dechmann, 2006;
Rodriguez-Herrera, Medellin, & Gamba-Rios,
2008; Solano-Quesada & Sandoval, 2010).
For example, variables like tree diameter and
inner width of the cavities used by the bats
(Aguirre et al., 2003) or canopy and understory
coverage around roosting resources (Rodri-
guez-Herrera et al., 2008) have been identi-
fied as fundamental for roost selection or
construction, respectively.

Considering the influence of roosts on bat
ecology and evolution (Kunz, 1982) and the
lack of information available for Neotropical
species, gathering basic knowledge of roosting
ecology is essential for designing further stud-
ies that assist the development of reliable con-
servation strategies. This becomes even more
imperative when considering that ongoing
anthropogenic factors like deforestation, frag-
mentation and forest management practices are
tangible forces that likely reduce roosts avail-
ability and quality, which negatively influences
bat populations (Kunz & Lumsden, 2003). In
this paper, we present novel information about
important factors directly related to the roosting
ecology of Neotropical bats. Our main purpose
was to describe the availability and occupation
patterns of several roosting resources used by
bats in a Neotropical rainforest of Costa Rica,
as well as examine these patterns from an eco-
logical and conservation perspective.

MATERIALS AND METHODS

Study site: Fieldwork was conducted in
July 2009, October and November 2011, and
October 2012 on Tirimbina Biological Reserve
(TBR), Sarapiqui, Heredia Province, Costa
Rica (TBR; 10°24° N - 84°07° W). The study
site is covered with tropical wet forest (Hold-
ridge, 1967). Elevation ranges from 40 to

1334 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 64 (3): 1333-1343, September 2016



150 m, and the average temperature and pre-
cipitation is 25.3 °C and 3 900 mm respectively
(McDade, Bawa, Hespenheide, & Hartshorn,
1994). TBR is approximately 345 ha, com-
posed of primary and secondary forest and a
small proportion of abandoned cacao plantation
(Theobroma cacao) surrounded by a complex
matrix composed of man-made structures (i.e.,
La Virgen de Sarapiqui town), pastures, diverse

kinds of plantations (e.g., trees, banana, pine-
apple, others) and forest patches of differing
size and diversity.

Roost sampling: We searched for the
following bat roost within the study area: (1)
Trees (including hollow trees and fallen trees
with prominent logs; Fig. 1A and Fig. 1B), (2)
Caves (Fig. 1C), (3) Termite nests (Fig. 1D)

Fig. 1. Classification of roosts occupied by bats. (A-B) trees; (C) caves; (D) termite nests and (E-F) tents. Arrows indicated

the entrance to the roost.
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and (4) Modified leaves or ‘tents’ (Fig. 1E
and Fig. 1F). Leaf tents deserve special atten-
tion because unlike other roost types most of
them may last for only a few weeks or months.
Thus, in order to obtain information for these
ephemeral roosts, we recorded for each tent the
following variables: (A) the type of architec-
ture or design (Table A; based on Kunz, Fujita,
Brooke, & McCraken, 1994; Rodriguez-Her-
rera, Medellin, & Timm, 2007), (B) the family
and species of plant or leaf modified (as pos-
sible), (C) the construction achievement (total
or partial: plants or leaves with or without all
the necessary cuts to achieve the final design,
respectively) and (D) the condition (damaged
or healthy: significant or non-significant dete-
rioration or physical damage in the plant or
leaf). We then examined the influence of each
variable on the occupation patterns of the tent
roosting bats. Other bat roosts, such as crevices
and unmodified leaves were excluded from the
samplings and analysis due to the difficulty to
obtain accurate and reliable information about
these roost types with our sampling design.

Availability and occupation of roosts:
Throughout the forest reserve, we systemati-
cally surveyed established trails and non-linear
transects away from the trails by calculating
traveled distances (km) with the “track func-
tion” of a global position system (GPSmap
60CSx; Garmin International Inc., Olathe,
Kansas, USA). Along each trail and transect,
we searched for roosts in trees and caves for
approximately 10 m on both sides, and we
allowed for 15 m in the case of tents and ter-
mite nests. Observations were conducted in
the morning (7:00-11:00) and in the afternoon
(14:00-17:00). We surveyed approximately 11
trails and 65 transects of different lengths in
the study area (range: 300-2500 m). The total
area examined represented 156.7 ha (45.4 %)
of the total 345 ha of the TBR. Each potential
roost was carefully examined for bat pres-
ence (individuals) and permanently tagged
in order to relocate it and avoid replication
during sampling periods. We classified roosts
as occupied if bats were present during the

visual inspection, and unoccupied or empty
if the roost was inhabited. Direct observation
performed with the help of a red light, photo-
graphs and captures (using a mist net placed at
the roost entrance) were used to determine the
number of individuals and species using each
roost (occupation). We used the track length
and the search distance from both sides of each
track to calculate the total sampling area (in
hectares) by roost type and the availability of
roost type per area. This information was also
used to assess the density of roosts occupied by
each bat species (roosts per hectare).

Finally, in order to complement the infor-
mation collected during our study, we also
include observations made outside of the study
period by two of the authors (B. Rodriguez-
Herrera & D. Villalobos-Chaves pers. obs.).
These observations include bat species that we
did not encounter during the study. Although
they were not included in the statistical analyses
since they do not fit with the systematical sur-
vey, they help us understand how the commu-
nity of bats uses the roosting resources of TBR.

Chi-square test was used to evaluate tent
characteristics. Availability and occupation pat-
terns of the roosts in the study area were also
examined with chi-square tests, however for
these calculations it was necessary to make a
size area correction due to the differences in
the size of the surveyed areas per roost type.
All analyses were conducted using R statisti-
cal software (version 2.15.3; R Development
Core Team, 2015).

RESULTS

In total, we surveyed 57.9 ha for trees and
caves, 55 ha for tents and 44.2 ha for termite
nests. Combining all roost types we found 394
roosts. Leaves modified by bats represented the
most frequent roost (56.6 % of all roosts, Num-
ber of roosts, N = 223), followed by trees (24.4
%, N = 96), termite nests (18.8 %, N = 74) and
caves (0.2 %, N = 1) (Fig. 2). Significant dif-
ferences in the total number of available roosts
(X2=223.20, d.f=3, P < 0.05) were found.
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Fig. 2. Occupation patterns of bats by roost type.

Of the 394 roosts, occupied roosts were
uncommon, with only 27 roosts being used by
bats (6.8 % of all roosts) and 367 unoccupied
roosts (93.1 % of all roost; Fig. 2). Highest
occupation rate was observed for the caves
(100 %, N = 1), followed by the trees (17.7 %,
N =17), tents (3.6 %, N = 8) and finally the ter-
mite nests (1.3 %, N = 1) (Fig. 2). Chi-squared
analysis showed that unoccupied roosts were
more common than expected (X2 = 606.29,
d.f =3, P < 0.05) and that occupation patterns
differ significantly between roost type (X2 =
19.06, d.f = 3, P < 0.05). The occupation of
trees was higher than expected, meanwhile for
tents, termite nests and caves observed occupa-
tion was lower than expected.

Roosts for 10 species of bats belonging
to two families (Table 1) were found during
our sampling periods. In Table 1, we added
observations of occupied bat roosts made in
the study area but outside of the study period,
which increases our total number of species
to 21, representing 33.9 % of the bat species
documented in the study area (62 species;
B. Rodriguez-Herrera unpublished data). The
density of occupied roosts in the study area was
0.17 roosts/ha, meanwhile density of roosts
per bat species varied between 0.017-0.138
roosts’ha (Table 1). Phyllostomidae was the
best-represented family, with a total of eight
species. Within all bat families, M. microtis

was the most common species found in roosts.
Regarding tent-roosting bats, we found that
Dermanura watsoni was the most common
species in tents (Table 1).

Four types of tent architectures were docu-
mented in our study area (Table 2). Bifid was
the most common design (133 tents; X 2 =
151.58, d.f=3, P <0.05) and were highly asso-
ciated with leaves of Arecaceae and Cyclan-
thaceae families that were used by bat species
like D. watsoni and Mesophylla macconelli
(Table 1). Leaves of Asplundia spp., Geonoma
spp. and Asterogyne spp. were the primary
resource used by bats to construct Bifid tents
in TBR (Table 2). Conical architecture was the
second most common design (47 tents). Plants
such as Potalia turbinata (Gentianaceae) and
Ardisia brenesii (Myrsinaceae) were those used
by bats to create this kind of tent. Apical and
Inverted Boat architectures (27 and 16 tents,
respectively) were the least common designs.
Apical tents were usually constructed from
the leaves of Philodendron spp. (Araceac),
Piper spp. (Piperaceae) and Pentagonia spp.
(Rubiaceae), whereas Inverted Boat tents were
mainly constructed using the leaves of Heli-
conia spp. (Heliconiaceae) and Rhodospatha
spp. (Marantaceae). The condition criteria and
construction achievement classification system
used for the tents showed that most of the
tents in the study area were in good condition
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TABLE 1
Details of roosts per bat species found at Tirimbina Biological Reserve, Sarapiqui, Costa Rica

Family/Species Roosts description Density (roosts/ha)
Emballonuridae
Cormura brevirostris Fallen tree trunk and logs 0.069
Centronycteris centralis* Unmodified leaves, tree trunk n.d
Cyttarops alecto* Unmodified leaves n.d
Saccopteryx bilineata Hollow tree trunk 0.069
Saccopteryx leptura* Alive tree trunk n.d
Phyllostomidae
Carollia perspicillata Cave 0.017
Carollia sowelli Cave 0.017
Carollia castanea* Crevice n.d
Carollia sp. Fallen tree trunk n.d
Dermanura watsoni Tents in Asterogyne martiana, Piper spp., Geonoma congesta, 0.072
G. cuneata, and Dicranopygium umbrophilum
Desmodus rotundus™® Cave n.d
Ectophylla alba Tents in Heliconia imbricata 0.054
Lichonycteris obscura Fallen tree trunk, tree logs 0.034
Lonchorhina aurita* Cave n.d
Lophostoma brasiliense Termite nests 0.020
Lophostoma silviculum* Termite nests n.d
Mesophylla macconelli* Tents in Asplundia spp. n.d
Micronycteris microtis Fallen tree trunk, tree logs, cave 0.138
Vampyriscus nymphaea*® Tents in Potalia turbinata and Ardisia brenesii n.d
Vampyressa thyone Tent in Philodendron sp. 0.018
Thyropteridae
Thyroptera tricolor* Leaves of Heliconia spp. n.d
Thyroptera discifera* Dry leaves of Musa spp. n.d

*Observations made out of the study period. n.d = No data.

TABLE 2
Description of the tent construction preferences of bats at Tirimbina Biological Reserve, Sarapiqui, Costa Rica

Number/ Plant Family Plant genera or species modified Archltc?cuue
Percentage of tents associated
80/35.9 Araceae Geonoma congesta, G. cuneata, Asterogyne martiana, Bifid

Dicranopygium umbrophilum, Astrocaryum spp., Bactris spp.

54/24.2 Cyclanthaceae  Asplundia spp. Bifid
38/17.0 Gentianaceae Potalia turbinata Conical
20/9.0 Arecaceae Philodendron spp. Apical
16/7.2 Heliconiaceae  Heliconia imbricata Inverted boat
9/4.0 Myrsinaceae Ardisia brenessi Conical
2/0.9 Marantaceae Rhodospatha spp. Inverted boat
2/0.9 Piperaceae Piper spp. Apical
2/0.9 Rubiaceae Pentagonia spp. Apical
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(76.7 %, N = 171 tents) and had all the neces-
sary cuts to achieve the final design (88.8 %,
N = 198 tents), whereas only a few portion
were damaged (23.3 %, N = 52 tents) and/or
partially constructed (11.2 %, N = 25 tents).
Significant differences were found in the con-
dition criteria (X 2 = 63.50, d.f= 1, P < 0.05)
and construction achievement (X 2 = 134.21,
d.f=1, P<0.05) of tents.

DISCUSSION

Locating bat roosts in a Neotropical rain-
forest is difficult. We found roosts for only a
few species (even if we include observations
made outside of the study period); a pattern
also found in other similar studies in Lamanai,
Belize (roosts of 13 species of 36 documented-
Fentonetal.,2001) and in French Guiana (roosts
of 29 species of 78 documented-Simmons &
Voss, 1998). Density data also confirmed that
occupied roosts at TBR are uncommon, since
we recorded lower densities (0.17 roosts/ha) in
comparison with other studies (0.88 roosts/ha-
Simmons & Voss, 1998) performed in smaller
areas (25-ha plot). In our case, we did not
obtain information on roosts of the follow-
ing bat families: Noctilionidae, Mormoopidae,
Molossidae and Furipteridae, as well as most
Vespertilionidae and many Phyllostomidae.
We hypothesized that most of the day roosts
belonging to these species were highly cryptic
and inconspicuous (e.g., located in the canopy
or subcanopy), were located in an areas unex-
plored during our sampling or outside the study
area. In fact, species like Molossus sinaloae,
Cynomops mexicanus, Rhynchonycteris naso,
Mpyotis nigricans, Eptesicus brasiliensis and
Uroderma convexum, among others, have been
found in human structures (i.e., houses, public
schools, churches, others) out of the TBR areca
(B. Rodriguez-Herrera, unpublished data), and
other species registered in our study site like
Centurio senex, Sturnira parvidens, Platyrrhi-
nus helleri, Artibeus jamaicensis and Diclidu-
rus albus have been found roosting in canopy
foliage (Goodwin & Greenhall, 1961; Rick,

1968; Jones, Smith, & Turner, 1971; McCarthy,
1987; Fenton et al., 2000; Fenton et al., 2001).

In comparison to the number of occupied
roosts, the availability of most roost types in
the study area was high (except in the case of
caves which were rare). If we extrapolate these
numbers to the entire 345 ha TBR forested
area of the entire reserve we calculated there
could be an estimated of 2 558 roosts at ground
level in the reserve. The low occupancy rates
suggested that roosts might not be a limiting
resource for bats in the study area, neverthe-
less, since some studies have demonstrated that
occupied roosts often have specific character-
istics in order to be selected by bats (Sedge-
ley & O’Donnell, 1999; Aguirre et al., 2003;
Jung, Thompson, & Titman, 2004; Psyllakis
& Brigham, 2006; Kalko et al., 2006; among
others), detailed information about the bat spe-
cies preferences, the structural characteristics
of the occupied roosts and the micro and macro
habitat characteristics associated to the roosts
is fundamental to understanding to what extent
these roost resources meet the requirements
to be inhabited (i.e., trees and caves) or to be
modified (i.e., plant/leaves and termite nests).
Roost fidelity is another factor that possibly
influences occupation patterns observed in our
study, however, since fidelity of bats is shaped
by several and complex variables (i.e., resource
availability and permanency, predation, para-
sitism, among others-Lewis, 1995), firm con-
clusions can only be obtained with long term
studies of bat roosts. Despite this, field obser-
vation suggests that some species at the study
site such as Lichonycteris obscura present low
fidelity, switching roosts frequently in response
of temporarily suitable foraging locations that
offer high nectar availability (Tschapka, 2004),
and others as Carollia perspicillata and C. sow-
elli are highly faithful (i.e., at least for 10 years)
to high quality roosts as caves.

Tent construction patterns (plant spe-
cies and architectures) documented in this
study area are similar to those recorded in
other studies performed in the Sarapiqui basin
(Melo, Rodriguez-Herrera, Chazdon, Medellin,
& Ceballos, 2009; Rodriguez-Herrera et al.,
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2007), however, it could change according to
locality (Rodriguez-Herrera et al. 2007). For
example, bifid tents constructed in plant species
of Geonoma spp., Asplundia spp., and Astero-
gyne spp. were highly common in TBR area;
these tents are mostly constructed and used by
D. watsoni and are associated with understory
palms and Cyclanthaceae (Rodriguez-Herrera
et al., 2007), nevertheless, authors like Choe
and Timm (1985) and Chaverri and Kunz
(2006) described that tent use by the same bat
species (D. watsoni) in Southwestern Costa
Rica differs in the composition of plant species
modified and in the tent design constructed.
Plant and design preferences also could change
in time, since in the same locality D. watsoni
inhabited mainly apical tents on Anthurium
ravenii (Araceae-Choe & Timm, 1985), and
some years later, tent use of the same bat spe-
cies were more related to umbrella and bifid
designs in Carludovica palmata and in Asplun-
dia alata, respectively (Chaverri & Kunz,
2006). Our results support the idea that tent
design composition and plants used by bats to
construct their roosts could change in response
to several non-independent variables such as
plant resource availability through space, time
and bat species preferences and behavioral
plasticity (Choe & Timm, 1985; Chaverri &
Kunz, 2006; Rodriguez-Herrera et al., 2007).
There are many variables that could influ-
ence the probability of detecting an occupied
tent. These variables include since the sheer
number of leaf roosts found in a given area, the
diversity of available plant species to construct
tents in the lowland rainforest of Sarapiqui
(Rodriguez-Herrera et al., 2007), the abil-
ity of some species to modify several plants
(Rodriguez-Herrera et al., 2007), the accumula-
tion of tents over time, the unpredictable time
expended in construction (bats can construct a
tent in a few hours but may take weeks; Rodri-
guez-Herrera et al., 2007) to the construction of
several tents for different purposes (e.g., escape
of predators-Brooke, 1990; Timm & Clauson,
1990; Kunz & McCracken, 1996; control-
ling parasitism-Timm, 1987; and to access
multiple feeding areas-Charles-Dominique,

1993). Since most of the tents were deemed
functional (healthy and totally achieved), we
do not believe any of these factors influenced
occupancy rates, which could imply that the
bats are constructing tents for reasons other
than to be used merely as day roosts. High
density of occupied tents was detected for D.
watsoni, result probably related to the flexibil-
ity of this species to use at least 41 plant species
modified into several architectures (Rodriguez-
Herrera et al.,, 2007) and for belonging (D.
watsoni was formerly know as Artibeus wat-
soni; Rodriguez-Herrera, Ramirez-Fernandez,
Villalobos-Chaves, & Sanchez, 2014) to one
of the most abundant frugivorous bat genera in
the Neotropics (Bonaccorso, 1979; Medellin,
Equiua, & Amin, 2000).

Roosts are a fundamental part of the life
history of bats (Kunz, 1982), so the presence
of this resource is essential to reproduction and
survival of populations (Kunz, 1982; Kerth,
2008; Sagot & Chaverri, 2015). Conservation
efforts for bats must include protection of roost
resources (Kunz & Lumsden, 2003), especially
if we take into account that human activities
are increasingly turning large forested areas
into mixed landscapes, fragmented areas and
manmade structures (Daily, Ceballos, Pacheco,
Suzan, & Sanchez-Azofeifa, 2003; Laurance,
2004; Tabarelli, Pinto, Silva, Hirota, & Bede,
2005) that reduce and change the availability of
important roost resources (Kunz & Lumsden,
2003). Additionally, more specialized species
are restricted to the use of a narrow set of avail-
able roosting resources, which may increase
their risk of extinction (Sagot & Chaverri,
2015). For example, considering the special-
ized roosting requirements of some bat species
recorded in the area (Timm & Mortiner, 1976;
Kalko et al., 2006; Rodriguez-Herrera et al.,
2008; Solano-Quesada & Sandoval, 2010), the
low roost density of species like Ectophylla
alba and Lophostoma brasiliense, in addition
to the rarity of species like Thyroptera tri-
color, T. discifera, Vampyriscus nymphaea and
Lophostoma silvicolum, these species could be
considered as highly vulnerable to a decrease in
available roosting resources in our study area.
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Finally, even in small forest fragments such
as TBR, preserving natural shelters like fallen
and hollow tree trunks, termite nests, tents and
caves is a forward step to conservation of bat
populations and the ecological services they
provide (Sagot & Chaverri, 2015).
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RESUMEN

Refugios de murciélagos en el sotobosque, disponi-
bilidad y patrones de ocupacion en un bosque Neotropi-
cal lluvioso de Costa Rica. La estrecha relacion entre los
murciélagos y sus refugios es ampliamente reconocida por
ser de particular importancia. A pesar de esto, la ecologia
de los refugios en murciélagos es pobremente comprendida
y gran parte de la informacion bésica aiin es desconoci-
da. En este estudio, investigamos la disponibilidad y los
patrones de ocupacion de cuatro tipos de refugios (arboles,
cuevas, termiteros y tiendas) utilizados por los murciélagos
en la Reserva Biologica Tirimbina (RBT), Costa Rica. Para
lograr nuestro objetivo, nosotros inspeccionamos sistemati-
camente ambos lados de senderos establecidos y transectos,
en busca de refugios a nivel del sotobosque. Los refugios
potenciales fueron examinados en busca de murciélagos
con el fin de establecer la ocupacion de los mismos. La
disponibilidad y densidad de los refugios fue estimada uti-
lizando la distancia recorrida (km) y el area inspeccionada
(10 m para arboles/cuevas y 15 m para tiendas/termiteros)
de cada sendero o transecto muestreado. Para los refugios
en tiendas, también se registraron datos sobre informacion
taxonomica de la planta modificada, el tipo de arquitectura,
la condicion y la consecucion de la construccion. El area
inspeccionada representa el 45.4 % del area total de la
RBT (345 ha). Las tiendas fueron el refugio mas comun
(56.6 % de todos los refugios, N = 223), seguido por los
arboles (24.4 %, N = 96), los termiteros (18.8 %, N = 74)
y las cuevas (0.2 %, N = 1). Detectamos Unicamente 27
refugios ocupados por murciélagos (6.8 % de todos los
refugios, 0.17 refugios ocupados/ha). Las cuevas mostra-
ron la tasa mas alta de ocupacion (100 %, N = 1), seguido
por los arboles (17.7 %, N = 17), las tiendas (3.6 %, N = 8)

y los termiteros (1.3 %, N = 1). Encontramos los refugios
de 10 especies, lo que representa un 33.9 % de la fauna de
murcié¢lagos documentada en la reserva (62 especies). La
densidad de refugios por especie de murcié¢lago varié entre
0.017-0.138 refugios/ha. Phyllostomidae fue la familia
mejor representada, con Micronycteris microtis como la
especie mas comun encontrada en los refugios. Cuatro
tipos de arquitectura fueron documentadas en las tiendas.
La arquitectura Bifida fue la mas comun (133 tiendas),
seguida por la Conica (47 tiendas), la Apical (27 tiendas)
y la Bote Invertido (16 tiendas). La mayoria de las tiendas
encontradas se encontraban en buen estado (76.7 %, N =
171) y totalmente construidas (88.8 %, N = 198). Nuestro
estudio demostré que encontrar refugios ocupados por
murciélagos en el bosque es dificil. Cuando es comparada
con la disponibilidad de refugios, la baja tasa de ocupacion
sugiere que, al menos en nuestra area de estudio, los refu-
gios podrian no ser un recurso limitante. No obstante, para
confirmar esta hipétesis, informacion acerca de la fidelidad
y el proceso de seleccion de las especies es fundamental
para comprender en que medida estos refugios cumplen
con los requerimientos para ser habitados o modificados.
A nivel mundial, los esfuerzos de conservacion de los
murciélagos deberian priorizar en comprender la ecologia
de los refugios, especialmente debido a que las presio-
nes antropogénicas estan continuamente reduciendo la
disponibilidad de este recurso, lo cual sin duda alguna
contribuye al riesgo de extincién para las especies mas
sensibles y especializadas.

Palabras clave: Costa Rica, murci¢lagos neotropicales,
Phyllostomidae, ecologia de los refugios, tiendas de mur-
ciélagos, Sarapiqui.
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DIGITAL APPENDIX

TABLE A

Description of the architectures used to classify the tents found at Tirimbina Biological

Reserve, Sarapiqui, Costa Rica

Architecture Description
Conical The only architecture that requires the cutting of several leaves to form a single
tent. Bats make several cuts on the petioles causing that the leaves fold down to
create a cone shaped funnel
Umbrella Bats cut the veins and interconnected tissue of palmate leaves, leaving the central
petiole intact
Pinnate Bats cut several leaflets from a compound leaf, which results in a ventilated tent
Apical Bats cut the base and/or veins of the leaves. Generally the leaf tip is hanging
perpendicular to the ground
Bifid Bats make cuts on leaves with bifurcated tips. Cuts are made along both sides of
the midrib, causing that the tips fold together, crossing over each other and form
a cavity
Paradox Bats make elongated cuts on long, broad and oblong leaves. The apical tips of the
leaves are not bifurcated so that the side of the leaf simply fold down
Inverted boat Bats make cuts parallel to the central vein of elongated and broad leaves. Both
sides of the leaf blade fold downwards along the midrib
Boat/Apical Bats make cuts almost parallel to the midrib of the - normally elongated — leaf,

causing that both sides of the leaf blade fold downwards, however a deep cut in
the apical tip’s midrib also is performed







