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ABSTRACT. We detected a maternity roost of Eptesicus brasiliensis in a large liana at Cocha Cashu Biological 
Station (Peru). Our objective was to describe the roost and its surrounding habitat employing visual methods 
to estimate colony size and time of foraging. At least 10 adults (9♀, 1♂) and one juvenile used a cavity in a 
liana that hung across a small trail. We used a night vision scope and infrared camera traps to note that bats 
left the roost for short foraging bouts (<1 hr). We also discuss the potential importance of lianas as roost sites 
in tropical forests.

RESUMEN. Refugio de una colonia de maternidad de Eptesicus brasiliensis en una liana al sudeste de la 
Amazonía peruana. Detectamos el refugio de una colonia de maternidad de Eptesicus brasiliensis en una liana 
de la estación biológica de Cocha Cashu (Perú). Nuestro objetivo fue describir el refugio y el hábitat alrededor 
del mismo utilizando métodos visuales para estimar el tamaño de la colonia y el tiempo de forrajeo. Al menos 
10 adultos (9♀, 1♂) y un juvenil utilizaron la cavidad de una liana que colgaba sobre un sendero angosto. 
Utilizamos un visor nocturno y trampas-cámara infrarrojas para advertir que los murciélagos dejaron el refugio 
por periodos de forrajeo cortos (<1 hr). Además discutimos la importancia potencial de las lianas como lugares 
de refugio en bosques tropicales.
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Studies of roosting behavior and roost selec-
tion are important for conservation of forest 
bats (Betts, 1998). Some bats use cavities for 
roosting, breeding and hibernating, relying 
on roosting structures to provide protection 
from abiotic factors and potential predators. 

Most bats are secondary cavity users and select 
cavities in mainly live, dying, or dead trees, 
spending over half their lives within the roost 
environment (Kunz, 1982; Kunz and Lumsden, 
2003; Diaz and Linares Garcia, 2012; Rengifo 
et al., 2013). The availability of roost sites is 
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paramount to productivity and survival in 
cavity-roosting species. Anthropogenic land 
management activities, as well as natural 
weather events, commonly reduce roost avail-
ability in forest systems (Jones et al., 2001; 
Bennet et al., 2013; Tournant et al., 2013). 
There is a lower density of available snags for 
potential roosts in low latitude forests when 
compared to high latitude forests (Gibbs et al., 
1993) potentially caused by lower rates of tree 
mortality, which would not favor snag creation, 
and higher rates of tree decomposition (Gibbs et 
al., 1993; Cornelius et al., 2008). Therefore, tree 
cavities may be a potentially unstable resource 
for bats in tropical systems. While some tree 
species have been identified as preferable for 
certain bat species (Evelyn and Stiles, 2003), 
lianas have been overlooked as potential roost 
sites for bats at critical life stages until now.

Nest site selection and placement is an 
important aspect of the natural history of a 
species and important for reproductive success 
(Goodall, 1962; Jessen et al., 2013). Persistent 
roost sites that are close to food sources and 
additionally promote a warm microclimate are 
particularly important for maternity roosts, 
which are used to suit the added demands of 
pregnancy and lactation and to bear and raise 
young (Kunz, 1982; Brigham and Fenton, 1986; 
Betts, 1998; Sedgeley, 2001). Since traditional 
tree cavities may be ephemeral, alternative and 
more stable vegetation types may also be used 
by bats as roosting sites, specifically for high 
cost activities such as those associated with 
reproduction and foraging (Sedgeley, 2001). 
Roost sites must also provide protection from 
potential predators that actively search for bats 
as prey, such as carnivorous bats, primates, 
certain birds, and specifically those that develop 
a search image for roost structures (Lima and 
O’Keefe, 2013). It has been shown that pri-
mates are able to recognize leaves modified by 
tent-making bats (Boinski and Timm, 1985). 
The ease at which bats can leave and enter 
roosts will also determine the length of time 
of exposure to potential predators (Barclay 
et al., 1982; Fenton et al., 1994; VonHof and 
Barclay, 1996). The vertical location of roost 
sites within a forest may also be highly variable 
among and within species (Kalko and Handley, 

2001), potentially hampering predator search 
image creation. Some species may also alleviate 
predation and potential roost decay through 
fission-fusion maternity roost systems, where 
many roost sites are used in the same area, 
with frequent switching among sites within 
a reproductive period (Brigham et al., 1997; 
Popa-Lisseanu et al., 2007).

The objective of this study was to describe 
the physical characteristics of a liana being 
used as an active maternity roost. We describe 
the physical characteristics and plant com-
munity surrounding the liana. We then report 
morphometric and reproductive state of the 
Eptesicus brasiliensis colony roosting within the 
liana and supply notes about their nocturnal 
activity patterns.

The E. brasiliensis roost was located at Cocha 
Cashu Biological Station (11°53’S, 71°26’W) 
along the Rio Manu, in the Madre de Dios 
region of southeastern Peru (Foster et al., 1986). 
This tropical floodplain forest is an example 
of a pristine successional plant community 
with disturbance caused by the rerouting of a 
meandering river and seasonal flooding, rather 
than anthropogenically (Terborgh, 1983; Foster 
et al., 1986). The area around Cocha Cashu 
Biological Station, within Manu National Park, 
has also remained free from organized hunting, 
thus high mammal diversity has maintained in 
this pristine forest (Janson and Emmons, 1990). 
An expedition directed at surveying mammal 
and bird species along the elevational gradient 
in Manu National Park detected 222 species of 
mammals, of which 92 were bats (Patterson 
et al., 2006).

The roost was situated in a late successional 
floodplain forest in a canopy liana (Bignoniaceae: 
Arribidaea florida; Vasquez and Rojas, 2004; 
C.F.F-N., pers. comm.) on a levee, 430 m from 
the start of trail KS (Fig. 1). The elevation at 
the roost site is 345 m above sea level and it 
is approximately 510 m from the Rio Manu 
and 950 m from Cocha Cashu, two permanent 
water sources. The forest is characterized by a 
short canopy (~25 m high), with successional 
trees, understory plants, and woody shrubs 
commonly associated with late regenerating 
forest. There were no standing hardwood 
trees approximately 200 years old, which are 
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Fig. 1. Map of trails at the Cocha Cashu Biological Station. The liana roost is marked with a star and is situated between 
two permanent water sources: 0.51 km from the Rio Manu, and 0.95 km from Cocha Cashu. Digital Elevation Model 
was downloaded from ArcGIS Online.

characteristic of a lowland Amazonian forest 
of this area, such as Cedrela odorata, but there 
were several fallen and rotting C. odorata 
trees in the immediate vicinity of the roost 
location, aging the forest as greater than 200 
but less than 400 years old (Vasquez and Rojas, 
2004). At the roost location the levees were 
approximately 10 m apart and 1.5-2 m above 
ground level. The canopy plants located on 
the same levee as the liana roost included: 
Annonaceae: Unonopsis floribunda; Arecaceae: 
Iriartea deltoidea and Socratea exorrhiza; and 
Euphorbiaceae: Sapium sp. The understory 
plants located on the levee around the roost 
were: Piperaceae: Piper spp.; Marantaceae: 
Calathea sp.; Annonaceae: Oxandra sp.; 
Myristicaceae: Otoba parvifolia; Arecaceae: 
Astryocaryum spp.; and Theophrataceae: 

Clavija tarapotana. Canopy trees located in the 
depressions immediately surrounding the roost 
were: Rubiaceae: Calycophyllum spruceanum; 
Combretaceae: Terminalia oblonga; Moraceae: 
Soracea sp.; and Meliaceae: Trichilia sp. All of 
these woody tree species are characteristic of a 
late successional forest with seasonal flooding 
(Vasquez and Rojas, 2004).

On September 4, 2013, while walking on Trail 
KS (2 m wide), we heard audible squeaking 
sounds coming from a liana stretched across 
the trail. Upon inspection, we noticed a crack 
in the liana where apparently two separate 
vines may have grafted together and never 
fully closed, offering a small hollow as refuge 
for several bats, which were situated in the 
farthest corner of the hollow. The bats ap-
peared to be of the genus Eptesicus and one 
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appeared very small and dull colored, as if a 
juvenile. The roost opening was 1.59 m above 
the ground; the crevice opening was 1.75 cm 
wide by 24.3  cm long. The diameter at the ap-
proximate centroid of the roost opening was 
17.2 cm (Fig. 2).

On September 5, 2013, we set an Austbat© 
(Australia) style harp trap in front of the roost 
in the afternoon with factory strings re-tied 
every 2 cm to target small Vespertillionidae. We 
checked the trap 110 minutes after sundown 
to find ten individual E. brasiliensis roosting 
under the plastic roost baffle in the catch bag 
of the trap. All were adults (9♀, 1♂), identified 
using two field guides (Eisenberg and Redford, 
1993; Reid, 2009), and no other bats were pres-
ent in the trap. One adult female was lactating 
and we did not catch any juvenile bats, so the 
apparent juvenile may not 
have been volant. Forearm, 
ear, and weight measure-
ments were taken on all 
bats using a metal ruler and 
digital pocket balance. All 
individuals were assessed 
for age by ossification of 
wing joints and reproduc-
tive condition by inspec-
tion of genitals and nipples 
(Kunz and Anthony, 1982), 
with stomach palpation for 
females (Table 1).

Exit counts were con-
ducted on two separate 
nights with two methodolo-
gies to assess how effective 
our initial harp trapping 
method was in quantify-
ing roost size. The first 

was on September 20, 2013, using a 4x Yukon 
NVMT3 night vision scope with a 50 mm lens, 
positioned 10 m away and pointing directly at 
the roost opening. Sunset at the roost location 
on September 20 was at 17:40. The total time 
of the exit count was 58 minutes and 44.07 
seconds and six bats were observed leaving 
the roost and returning within the observation 
time (Table 2). We do not know if the first bat 
to leave was the first bat to return. However, 
all six bats exited the roost within a 13 minute 
time span and at least one bat foraged for at 
least 36 minutes before returning to the roost. It 
was observed that bats circled around the roost 
several times before re-entering it. The second 
method was 2 infrared (IR) motion video 
camera traps, Bushnell HD Trophy Camera 
Model 119537, which were placed facing the 

Fig. 2. Liana roost with trail KS 
in the background. There was 
only one apparent roost opening, 
indicated by the white arrow. The 
roost opening was 1.59 m above 
ground, the crevice opening was 
1.75 cm wide by 24.3 cm long, 
and the diameter of the liana at 
the approximate centroid of the 
roost opening was 17.2 cm.
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Table 1
Data collected on individual bats from the harp trap survey. 
Ten adult Eptesicus brasiliensis were captured by harp trap. 
For comparison, mean values from this study were compared 
to measurements presented in two field guides. Reproductive 
condition codes are as follows: L = lactating, P = pregnant, 
PA = parous, NR = non-reproductive.

Sex Reproductive 
Condition

Ear 
(mm)

Forearm 
(mm)

Weight 
(g)

♀ L 12 42 10.64

♀ PA 11 42 14.75

♀ PA 11 41 13.6

♀ P 11 41 14.75

♀ PA 11 41 13.29

♀ PA 12 41 11.91

♀ P 11 39 14.67

♀ P 12 41 12.85

♀ P 11 41 14

♂ NR 10 40 9.87 

Mean (this study) 11.2 40.9 13.03

Eisenberg & Redford 1999 15 40–41 9–10

Reid 2009 12–15 39–43 7–10

Note: The juvenile bat observed in the roost was not captured and 
the lactating female captured suggests that he was non-volant.

that can continuously record for an 
entire night may be better suited for 
unmanned exit counts. However, the 
extra battery power required may make 
this unfeasible at remote field sites.

Considering the night vision survey 
and the IR camera survey, it appears 
that E. brasiliensis leaves the roost to 
forage shortly after sunset and returns 
within an hour. Though there are miss-
ing data from the IR camera survey, 
it appears that bats left the roost later 
in the night again for a foraging bout 
and were active until almost midnight, 
when one bat returned.

While some bat species use vine tan-
gles as roost sites (Fenton et al., 2001) 
this is, to the best of our knowledge, 
the first record of roost site selection 
by bats in a liana cavity. Lianas (woody 
vines) are important components of 
tropical ecosystems, where they cur-
rently make up to 40% of the woody 
stems and more than 25% of the woody 
species (Schnitzer and Bongers, 2011). 
There is evidence that liana abundance 
and biomass is increasing in tropical 
forests which may increase the im-
portance of lianas for bat roost sites 
(Schnitzer and Bongers, 2011). Since 
the 1970’s biomass and abundance of 

Table 2
Times of bat departure and return during the exit 
count using a night vision scope. Times reported 
here only represent one bat leaving or returning to 
the roost and do not refer to individual bats.

Departure Return

17:51 18:01

17:52 18:13

17:55 18:18

17:56 18:21

17:58 18:22

18:04 18:40

roost exit at 15:30 on September 28, 2013, and 
retrieved at 07:30 on September 29, 2013. 
One was placed 1 m away directly in front 
of the entrance and the other was positioned 
2.5 m to the west but also facing the roost 
exit. Cameras were set at the finest settings 
with one minute video recording upon detec-
tion of movement as an experimental effort to 
determine their use for unmanned exit counts 
at known roost sites. The camera placed 1 m 
in front of the roost detected two bats entering 
the roost: one at 18:18:56 and one at 18:31:13. 
The camera 2.5 m to the side detected one 
bat leaving the roost at 20:26:08 and one bat 
returning to the roost at 23:27:30. We suspect 
that the cameras missed many bats exiting and 
entering the roost site as these activities may 
happen faster than the cameras can be triggered 
to record (trigger speed = 0.6 sec). IR cameras 
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lianas in Neotropical forests have increased with 
some Amazonian forests showing a doubling in 
liana abundance in a 20-year period (Philips et 
al., 2002; Schnitzer and Bongers, 2011). As liana 
abundance increases in Neotropical forests, 
tree diversity, recruitment, growth, fecundity, 
and survival will likely decrease (Schnitzer 
and Bongers, 2011), potentially making lianas 
a newly important roost site for bats.

Lianas may offer protection that larger tree 
cavities do not. Amazonian lianas may be more 
abundant than they were historically, therefore 
it is possible that predators do not have a search 
image for lianas as roost sites as they do for tree 
cavities. Neotropical lianas are smaller and less 
stable than paleotropical lianas and large lianas 
are less common in Neotropical forests than 
African forests (Emmons and Gentry, 1983). 
Smaller sized, more fragile lianas are presum-
ably related to the evolution of prehensile tails 
in vertebrates that need to travel across canopy 
gaps (Emmons and Gentry, 1983). Neotropical 
lianas are used more for locomotion whereas 
African lianas are used more as a food source 
(Emmons and Gentry, 1983). Thus, it is logi-
cal that Neotropical predators may travel and 
search for food in the canopy rather than along 
the bases of lianas. Though lianas quite literally 
connect large trees in the canopy and provide 
canopy travel access for vertebrates (Charles-
Dominique et al., 1981), the spatial lack of 
horizontal tree branches proximal to lower 
portions of large lianas may reduce predation 
potential for Neotropical bats roosting in liana 
cavities closer to the ground. Cavities on tree 
limbs or tree trunks may be more accessible 
to arboreal predators via horizontal branches.

The observed liana roost was located in the 
center of a 2 m wide trail. Therefore, it is pos-
sible that the maternity roost may be capturing 
a greater percentage of sunlight than other roost 
sites located in the dense forest understory. The 
retention of heat and absorption of solar radia-
tion is particularly important for keeping pups 
warm when mothers leave the roost to forage 
(Sedgeley, 2001). The proximity of the roost site 
to the two permanent water sources may also 
be important if E. brasiliensis is foraging over 
water or drinking from those sources.

Lianas should not be overlooked as qual-
ity roosting sites in forests. Studies on roost 
selection in tropical forests should include 
lianas as potential roosting structures and 
researchers should add lianas to their search 
image repertoire. Similarly, forest management 
practices should consider the importance of 
lianas to bats in addition to other functions 
within the tropical forest system. Particularly, 
large Neotropical lianas should be investigated 
as a limiting resource on reproductive success 
in forest bats. As far as we know, this is the 
first documented report of a maternity roost 
of E. brasiliensis in lianas.
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