


INTRODUCTION

Bats spend about half their lives in their roosts.

Therefore, the events associated with roost ecology

are among the major forces driving their evolution

(Kunz, 1982). Roosting ecology of bats remains,

however, poorly understood, and much of what is

known is from studies of temperate zone taxa

(Sedgeley and O’Donnell, 1999). A better knowl-

edge of roosting ecology is crucial to the under-

standing of basic ecological patterns and processes

in bat’s life history, and even to assess the effects of

tropical ecosystem fragmentation on bat ecology, es-

pecially since bats are sensitive to changes in forest

age, structure and distribution (Thomas and West,

1989; Fenton, 1997). 

Microclimate at this scale is known to be an im-

portant factor that influences roost site selection

(Lewis, 1995; Kalcounis and Brigham, 1998; Kerth

et al., 2001; Sedgeley, 2001; Dechmann et al.,
2004). Bats face physiological constraints to balance

energy budgets in temperate areas where low tem-

peratures and food availability are limiting factor

(Kunz and Lumsden, 2003; Willis and Brigham,

2005). For example, in temperate region Tadarida
brasiliensis required high temperatures can be main-

tained by congregating in large numbers, in caves

with structure that allows for accumulation of body

heat while temperature fluctuations outside the cave

drop well below the thermoneutral zone of the bats

(Racey, 1982). Lowland tropical bats, in contrast,

are relatively less restricted by fluctuations in 

ambient temperature outside the roost. Therefore

these bats can roost in sites subjected to tempera-

ture variations closer to those in the environment

(McNab, 1969; McManus, 1977), with frugivores

being more flexible due to milder seasonal fluctu -

ations of their energy source (Avila-Flores and Me -

dellín, 2004). 

Most bat species roost in structures such as hol-

low trees, caves, bridges, buildings, or simply with-

in the foliage. But 22 species of bats are known to

roost in modified leaves called ‘tents’ (Rodríguez-

Herrera et al., 2007). Knowledge about the roosting

ecology of tent-roosting bats is limited but it repre-

sents an important facet of the study of roosting

ecology given that this behavior is only present in

the tropics where bats are less limited by low tem-

perature, and it has evolved at least three times in the

order Chiroptera (Kunz et al., 1994). In over 80

years since the first record of tent roosts, only some

35 articles have been published on the subject, most

of which are short notes of single observations of

bats using tents (Rodríguez-Herrera et al., 2007).
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Ectophylla alba is a small (forearm length 25–31

mm, body mass 6–10 g), white bat, which roosts 

in small groups (1–15 individuals) exclusively in

tents and is the only Neotropical species for which

tent construction has been observed (see Rodríguez-

Herrera et al., 2006 and references therein). The

white tent making-bat has a small geographic range

for a bat and is considered as lower risk/near 

threatened (IUCN, 2006). The species is generally 

found in secondary forests (Brooke, 1990). The only 

aspect of its habitat preferences known at the micro-

habitat scale is that it prefers a specific leaf size

(0.8–1.2 m) to build its roosts (e.g., Timm and Mor -

timer, 1976; Brooke, 1990).

This study is part of an ongoing investigation on

the roosting ecology and social structure of E. alba.

Our objective was to determine whether white bats

select specific traits of vegetation structure for con-

struction of leaf tents. 

MATERIALS AND METHODS

Study Area

Fieldwork was completed between January and August 2006

at La Selva Biological Station (LS; 10°26’N, 83°59’W) and La

Tirimbina Biological Reserve (TBR; 10°26’N, 83°59’W), He -

redia Province, in the northeastern Caribbean low lands of Costa

Rica. The average annual precipitation in the area is 3,900 mm

(McDade and Hartshorn, 1994). The study sites are located be-

tween 40 and 150 m a.s.l., and are covered with tropical wet for-

est (Holdridge, 1967). Most abundant tree species within the

study sites include Cecropia insignis and C. obtusifolia (Cecro -

pia ceae), Goethalsia meiantha (Tiliaceae), Laetia procera (Fla -

cour tiacea), and Rollinia microsepala (An no naceae) (Hartshorn

and Hammel, 1994).

We selected two study sites at LS on the Tres Ríos and

Sabalo Esquina trails, and four sites at TBR defined as La Isla,

Ceibo, Cacaotal, and CaZo. The site selection criteria were: 1)

the areas had to be within secondary forests, 2) the areas had to

be larger than 2 ha, and 3) the presence of tents of Ectophylla in

these areas must have been personally observed previously or

reported in the literature. Each study site was searched 

thoroughly for tents of E. alba made from Heliconia sp. leaves.

Tents found occupied by bats were measured when vacant. We

divided each site in numbered sectors of 1 ha. In order to estab-

lish a control, we randomly searched within our sites for un-

modified leaves with similar size to the tents (0.8 –1.2 m 

of length and 0.5–2 m above ground). We selected and meas-

ured a similar number of controls to the tents present in each

quadrant.

Microhabitat Vegetation Structure

A circle of 10 m in diameter (79 m

2

) was marked around

each tent and each control. The following variables were meas-

ured inside this area: 1. Density of Heliconia: every Heliconia
stem was counted; 2. Density of trees: all the trees with a diam-

eter at breast height (DBH) greater or equal to 10 cm were

counted; 3. Diameter at breast height (DBH): the DBH of all

trees within the area; 4. Distance to the closest tree: the area

around the tent was divided into four equally-sized quadrants

and the distance between the tent and the closest tree was meas-

ured in each. The four values obtained were then averaged for

each tent and control; 5. Understory coverage at a height of 0–1

m: this variable was measured with a 2 m long aluminum pole,

marked every 2 cm, which was set right on top of the soil and

parallel to the plant’s stem. We used a compass to establish four

observation points (north, south, east, and west) located at a dis-

tance of 5 m from the aluminum pole. From these four points,

we counted the number of visible marks on the pole, from 

0–1 m. The values from all four locations were then averaged

per plant; 6. Under story coverage at a height of > 1 m to 2 m:

this variable was measured as described above; 7. Canopy 

coverage: four coverage measurements were taken next to the

tent with a spherical convex densiometer (Model-A, Forestry

Sup pliers, Inc., Jack son, USA) in all four cardinal points. The

four measurements obtained were averaged. 

Statistical Analysis

The data on canopy coverage were normalized by an arcsine

transformation (Zar, 1996). We used a Discriminant Function

Analysis (DFA) to compare the data between tents and controls.

The DFA stepwise also extracted the variables that best predict-

ed the selection of a construction habitat by the bats. 

RESULTS

We found 50 tents in the total area of 25 ha of

secondary forest (LS = 7.1 ha; TBR = 17.9 ha),

which corresponds to total density of 2 tents/ha. Tent

density was higher in TBR (2.56 t/ha) than in LS

(0.56 t/ha). The DFA, including all the variables, 

allowed the separation of both groups of plants with

tents and controls (F
9, 92

= 6.38, P < 0.001). These

two groups were further separated; a stepwise DFA

indicated significant differences between tents and

controls (F
3, 100

= 20.19, P < 0.001). Three main

variables explained the variation between tents 

and controls: canopy coverage (F
1, 100

= 11.91, 

P < 0.001), understory coverage from ground to 1 m

of height (F
1, 100

= 21.52, P < 0.001), and density of
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TABLE 1. Result values (0 ± SD) for each variable by group (tents and controls). Discriminant function analysis; probability 

level: * — P < 0.066; ** — P < 0.001 

n
Density of 

Distance

DAP (cm)

Coverage 

% canopy

Category

Heliconia trees 

trees (m)

0–1 m 1–2 m 

coverage

Tents 50 7.96 ± 7.88* 8.92 ± 4.82 3.30 ± 1.86 31.85 ± 29.97 39.24 ± 18.67** 28.10 ± 17.69 83.07 ± 3.33**

Control 55 17.38 ± 18.01 7.40 ± 4.37 5.37 ± 4.16 40.30 ± 30.70 59.88 ± 23.35 47.56 ± 23.93 74.93 ± 10.19



Heliconia (F
1, 100

= 3.65, P < 0.06 — Table 1). The

first variable contributes the most to explaining the

difference between tents and controls; more than

80% of the tents were built on leaves under 81 –90%

of canopy coverage, while more than half of the

controls were found under a canopy coverage equal

or lower than 80% (Fig. 1).

Ectophylla alba modifies leaves that tend to be

less than 2 m high with low understory coverage

(Fig. 1). More than half of the roosts were found in

areas with less than 45% of coverage, while almost

half of the controls were surrounded by denser un -

derstory vegetation with more than 55% coverage

(Fig. 1).

DISCUSSION

Few studies have demonstrated that tent-roosting

bats prefer certain characteristics of the leaf that will

be modified. For example, Artibeus watsoni select-

ed Asterogyne martiana palm fronds that were taller

and had thicker petioles than random fronds (Stoner,

2000); Mesophylla macconnelli used new, thus rela-

tively small leaves that were 2.2–4.7 m above the

ground in the palm Astrocaryum (Foster, 1992). The

authors of both cited studies speculated that these 

requirements might provide predator-avoidance.

Our data show for the first time that tent-roosting

bats exhibit specific habitat-level preferences.

Ectophyl la alba builds its roosts in areas that have

significantly fewer Heliconia stems than average

and a lower percentage of coverage at 0–1 m 

above the ground, but greater canopy coverage than

control areas (Fig. 1). In the following, we propose
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FIG. 1. Values of average canopy and understory coverage 

(0–1 m) of tents (o) and controls (×). Note that tents are grouped

in canopy cover above 75% and understory coverage below 

70%, whereas the controls are scattered across the plot

several hypotheses that might explain these 

preferences.

Canopy Coverage

We believe that canopy coverage is associated

with the microclimatic conditions of the site where

roosts are built. Wide temperature variation in tem-

perate environments has been shown to be an impor-

tant determining factor in roosting ecology in tem-

perate bats. In tropical environments, roost tempera-

ture variation also has been shown to be a determin-

ing factor; specifically, low temperatures in the roost

define the presence/absence of particular species

(McNab, 1969; Mc Man us, 1977; Avila-Flores and

Medellín, 2004). 

There are several potential ways in how canopy

coverage may influence the microclimate in a bat

tent: first, roost temperature is a product of solar ra-

diation. Roost temperature is an important factor for

daily energy balance, which might be crucial for the

survival of individuals (Kunz, 1982). Ectophylla se-

lects micro-habitats with a high canopy coverage,

which results in reduced input of sunlight thus pro-

viding rather stable temperature conditions. Tem per -

atures under Ectophylla tents fluctuate very little,

with a 24 h average value of 23.33°C (SD = 0.70, 

n = 22 — B. Rodríguez-Herrera, unpublished data).

Another reason that leads us to believe that canopy

coverage is important is that it provides protection

from mechanical damages to the tent caused by di-

rect rainfall and wind. Even though there might be

much variation, a denser canopy per unit volume is

associated with less rainfall reaching the ground

(Nadkarni and Sumera, 2004). For Neo tropical low-

lands, it has been calculated that the canopy ‘cap-

tures’ between 5–17% of the rain (Jor dan and Heu -

vel dop, 1981; Tobon-Marin, 1999).

Tent construction process is expensive, in partic-

ular regarding the time it takes, and involves more

than one individual (Rodríguez-Herrera et al.,
2006). For this reason, bats should maximize the

benefits obtained from each tent. Tropical weather

conditions often involve heavy rainstorms that may

produce mechanical damages on the leaf blade mod-

ified into a tent by the bats, therefore reducing the

average life of the roost, in turn forcing them to con-

struct a new one.

Understory Coverage Between 0–1 m

Most tents built by white bats are found 1–2 m

above the ground (Timm and Mortimer, 1976;
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Brooke, 1990). In general, reduced understory 

co verage below this height might play a role in 

reducing the mechanical constraints of flight while

leaving and entering the tent. While nursing the 

off spring, females of Ectophylla return to the 

tents up to six times each night to feed their pups 

(B. Ro drí guez-Herrera, unpublished data). Should

these bats rely mainly on using echolocation to 

find their tents, it may significantly decrease search

cost, when the roost is not surrounded by clutter

vegetation.

Another potential benefit of low understory cov-

erage for the bats might be related to predator avoid-

ance, since structures around the tent could facilitate

the access for predators. It has been suggested that

the white coloration of Ectophylla is in fact a cryp-

tic character, since the bats appear darker when

perching under the modified leaves, and could be

confused with wasp nests (Brooke, 1990). So far,

predation on tent-roosting bats has been document-

ed only in A. watsoni by squirrel monkeys, Saimiri
oerstedii (Boinski and Timm, 1985). We found evi-

dence of predation on an E. alba group in a tent in

TBR. On 23rd September 2005, at 06:00 h we found

a dead pup on the ground under the tent and traces

of blood leading up a neighboring bush. This was

probably the result of an attack by capuchin mon-

keys, Cebus capucinus, a group of which was pres-

ent in the area at the time of the observation.

Structures around bat tents may facilitate the access

to predators. On one occasion in TBR, a group of

Uroderma bilobatum occupying a conical tent was

preyed upon by a snake. Predation by the snake was

possible due to a nearby branch that allowed it to 

get close to the bats without causing them to flee

(M. Araya Fallas, personal com munication). 

Density of Heliconia

The genus Heliconia is present in well-lit areas

such as forest edges, gaps and young secondary

forests (Stiles, 1983). The bats’ preference for a low

density of Heliconia plants around the tent might 

be a secondary result of reduced light input in 

the area due to the high canopy coverage. Of the 

predictor variables, density of Heliconia had the

lowest predicting power (Table 1). However, in

practical terms, of the three variables that we re-

cognize as requirements, Heliconia density is the

easiest one to quantify visually, as 70% of the tents

had fewer than 10 Heliconia plants around them,

and in turn, just 41% of controls had the same 

number.

Selection Process

Ectophylla has a small distribution range, and it

is restricted to the Caribbean lowlands (0–800 m

a.s.l.) of Honduras, Nicaragua, Costa Rica, and east-

ern Panama (Timm, 1982; LaVal and Rodríguez-H.,

2002; Simmons, 2005). It uses for roosting primari-

ly secondary forests, and according to our data suit-

able roosting areas must show a combination of high

canopy coverage and open understory. This means

that roosts will not be constructed within forests of

early succession stages, but in areas of more ad-

vanced succession stages.

Furthermore, Ectophylla is associated with five

species of Heliconia to build its roosts, primarily 

using Heliconia pogonantha and H. imbricata
(Brooke, 1990), and rarely uses other plant species

like Calathea and Ischnosiphon inflatus (both Ma -

rantaceae — Rodríguez-Herrera et al., 2007). We

believe that the preference of E. alba for Heliconia
is based on characteristics of the leaves. Ectophylla
builds tents of a single type, the boat architecture

(Timm and Mortimer, 1796); in marked contrast, 

A. watsoni, a bat with a large distributional range

and a high plasticity in their repertoire of tent archi-

tectures, that includes five different types, is com-

monly found in the study sites (Rodríguez-Herrera

et al., 2007). The flexibility of this species allows it

to use more than 40 species of plants for roost con-

struction (Rodríguez-Herrera et al., 2007). The boat

architecture preferred by E. alba limits suitable

leaves to a few families with specific size and elon-

gated leaf shape (Heliconiaceae and Marantaceae).

The use of H. po gonantha and H. imbricata by 

E. alba may be additionally explained by mechani-

cal characteristics like hardness of the leaf, which

determines what leaf species can be bitten by the bat 

to built the tent. For example, the leaves of the co-

conut palm Cocos nucifera are hard and tough, and

accordingly are modified only by larger tent-making

bat species, like U. bilobatum (Timm and Lewis,

1991). Fi nal ly, Ectophylla selects new over old

leaves (younger than 30 days — Brooke, 1990),

prob ably be cause the new ones are undamaged and 

easier to modify. 

Forest areas useful for Ectophylla as a habitat are

found only in a relatively narrow time window of

succession. A very young forest is not suitable 

because it lacks high canopy coverage and has too

dense an understory, while a very mature one will

lack a sufficient abundance of Heliconia plants.

Therefore, for purposes of roost construction, 

E. alba selects the habitat to a specific level, type,
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and stage of succession in the Central American

tropical rainforests for purposes of roost construc-

tion. Probably, before anthropogenic disturbance en-

tered its range, E. alba could only use forest edge

(Fig. 2).

Implications for Conservation

Habitat loss and consequent populations extinc-

tions have been identified as main threats leading 

to extinction in many animal groups (Ceballos and
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FIG. 2. Process of selection of habitat by E. alba, from high to low spatial scale. The chosen option is marked in grey



Ehrlich, 2002), including bats. The protection of ad-

equate habitat is therefore a conservation priority,

both in temperate and tropical areas (Kunz and

Lumsden, 2003; Racey and Entwistle, 2003). In re-

cent years, researchers have sought to identify the

characteristics of bat roosts and the desired habitat

conditions with a conservation perspective (Fenton,

1997; Aguirre et al., 2003; Evelyn and Stiles, 2003;

Avila-Flores and Medellín, 2004).

Any reduction in a species distribution range 

increases the extinction risk (Ceballos and Ehr-

lich, 2002). The abundance of Ectophylla tents in

secondary growth is greater than in primary forest

(Brooke 1990), and in terms of conservation, sec-

ondary forest species are rarely considered to 

be threatened. Nevertheless, our results provide 

information at a finer grained resolution, and there-

fore allow us to better reflect on the local distribu-

tion of the species and its high vulnerability to 

extinction.

In an evaluation of the conservation status of 

Me so american bat species, Arita and Ortega (1998)

con   sidered Ectophylla to represent a special conser-

vation category due to its restricted distribution, its

dependence on Heliconia plants and for belonging

to a monotypic genus. Furthermore, so far it seems

to be specialized to feeding solely on a single spe-

cies of fig, Ficus colubrinae (Brooke, 1990). We add

to these vulnerabilities that within its small geo-

graphic distribution area, the preferred habitat is

strongly restricted by the age of the forest. Most dis-

turbance in rainforests is in the form of extensive,

complete deforestation for agricultural uses (Uhl et
al., 1988; Thomlinson et al., 1996), and clearly in

each type of disturbance the biotic processes and

forest function vary widely (Myster, 2004). For

these reasons, disturbed forests cannot be integrated

within a single category; and abandoned plantations,

landslides, post-timber extraction forest tracts, aban-

doned pastures, old fields, etc., have very different

implications for ecosystem function and for particu-

lar species. Ectophylla alba seems to be highly re-

stricted in its habitat use to a specific age range of

the forests that present particular characteristics

with respect to forest structure. How ephemeral

these conditions are at the landscape scale is a mat-

ter of ongoing research, but clearly this species 

will face increasingly more severe extinction threats

if the matrix of forest continues to decrease. An

evaluation of population status as well as a detailed

modeling effort on the availability of their habi-

tat niche across its distribution range are urgently 

needed. 
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