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Bat assemblage and its frugivorous
diet in a Eucalyptus plantation
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MIGUEL & MARCO AURELIO PIZO

Abstract: Habitat loss and fragmentation have enormous impacts on biodiversity and
tree plantations can help alleviate these impacts. We study bat assemblage, as well
as the diet of frugivorous bats in a managed Eucalyptus plantation of sustainable use
in Rio Claro, Sao Paulo state, Brazil. We captured 86 bats of nine species, where five
species of them ate 17 plant species, mostly pioneers (93.7%). Three species were most
dominant, frequent and important in seed dispersal: seba’s short-tailed bat (Carollia
perspicillata), great fruit-eating bat (Artibeus lituratus), and little yellow-shouldered bat
(Sturnira lilium). These species are the most abundant and main seed dispersers in
Brazil. Compared to literature data from other Eucalyptus plantations, we concluded that
our studied Eucalyptus area with understory and emerging regenerating native species
provided greater diversity than in areas where Eucalyptus is used commercially and
the understory vegetation is constantly altered; the fruits exploited by these three bat
species demonstrates their ability to adapt to food availability and coexist with other
species; Eucalyptus forests cannot be considered as biological deserts if they are not

managed so intensively as in commercial plantations.
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INTRODUCTION

The pressure on natural forests to deliver
economic, social, and environmental services
has reached alarming levels (Paquette &
Messier 2010). This pressure brings habitat
loss and fragmentation, causing great, often
irreversible, impacts on biodiversity as extinction
of species and its interactions, disrupted
communities, and polluted or otherwise
disturbed ecosystems. The loss of biodiversity
requires urgent implementation of novel forest
management approaches that, even if not free
of disturbances, enable biodiversity to persist
(Noble & Dirzo 1997). Native and exotic tree
plantations are of particular importance in this
regard since their coverage is rapidly expanding
in the tropics (Wright 2005). Tree plantations

on cleared, formerly forested lands may be
subjected to management approaches that can,
in the long term and following biodiversity-
friendly practices, be beneficial for biodiversity
(Parrotta et al. 1997, Fonseca et al. 2009, Paquette
& Messier 2010).

Lower biodiversity is expected in tree
plantations when compared to native vegetation
areas because of the structural simplification
of the forest (Vital 2007). However, these areas
cannot be considered as ‘biological deserts’
(in the sense of having reduced biodiversity),
as they provide habitat and resources for a
variety of species (Lindenmayer et al. 2003). It
has been shown that a high number of species
found in native forests can occur in exotic tree
plantations, suggesting that these habitats may
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provide complementary conservation services if
properly managed (Barlow et al. 2007).

The area of exotic trees planted for
industrial purposes in Brazil totaled 10.2 million
hectares in 2023 (with additional 6.91 million
hectares of Permanent Preservation Areas,
Legal Reserves, and Private Natural Heritage
Reserves), corresponding to just over 1% of
the Brazilian territory, with predominance of
Eucalyptus plantations (76%) (IBA 2024). In
contrast, there are 173 million hectares (20.3% of
the Brazilian territory) in protected areas (MMA
2018), representing just over 42% of the forest
vegetation that still exist in the Brazilian territory
(IBGE 2020a), which contribute enormously to
biodiversity conservation.

Although this information is apparently
positive for the sake of conservation, about
2,7% of the Brazilian fauna and flora (estimated
as 166,246 spp.) is threatened (IBGE 2020b,
Brasil 2022), and remaining forest vegetation
is continuously fragmented and destroyed.
This scenario poses the necessity to study the
biodiversity in exotic tree plantations as they
are used by many species. Such studies help
to develop management techniques to improve
the necessary conditions to maintain a diverse
tree plantation capable of performing ecological
services.

Chiroptera is a group whose presence in tree
plantations is desired because of the ecological
functions bats provides. It is the second most
widely distributed order of mammals with
more than 1400 species (Mammal Diversity
Database 2024). In Brazil there are 186 species,
68 genus and nine families of bats (Garbino
et al. 2024). Phytophagous bats pollinate and
disperse seeds, thus influencing plant gene
flow, while hematophagous, insectivorous and
carnivorous species act to control invertebrate
and vertebrate populations (Bredt et al. 1996,
Witt & Fabian 2012). As highly mobile animals,
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bats explore different habitats and contribute
to the persistence of many plant species
(Bernard & Fenton 2003), being considered
excellent indicators of human-induced changes
(Fenton et al. 1992, Jones et al. 2009). These
animals also provide an immeasurable service
in the recovery, restoration and maintenance of
habitats (Faria 2006, Lobova et al. 2009, Bredt et
al. 2012, Jacomassa et al. 2021).

We investigate the richness, abundance,
and fruit diet of a bat assemblage in an old
Eucalyptus plantation with understory and
recruiting native species. Our questions
were: how was the bat assemblage structured
(species and abundance)? Was the bat diversity
greater than in areas where Eucalyptus is used
commercially and the vegetation is constantly
altered? Which frugivorous bats occur at the
study area and which fruit species they exploit?
The frugivorous bats eat a greater diversity in
the study area than in commercial Eucalyptus
plantations?

MATERIALS AND METHODS
Study area

We conducted the study at the Floresta
Estadual Edmundo Navarro de Andrade (FEENA),
a protected area of sustainable use in the
municipality of Rio Claro, state of Sao Paulo,
Brazil (22°25" S, 47°33" W). FEENA is a mosaic
with 2,230.53 ha formed predominantly by
Eucalyptus stands of different species and ages,
a few stands of Pinus spp., and other exotic and
native forest plantations, which are eventual
cut and used (Reis et al. 2005, Lopes et al. 2015).
Eucalyptus stands were planted between 1910
and 1990, which enables the development of
well-developed understories and recruiting
native plant species in several stands (Reis et
al. 2005). The closest native forest fragment
(250 ha) is 3 km away, separated from FEENA
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by sugarcane plantations, which form the
predominant matrix (Lopes et al. 2015). The
region ranges from 580 to 700 m above sea level
and the original vegetation was composed of
seasonal semideciduous forest (Atlantic Forest
sensu lato) with Cerrado influence (Veloso et
al. 1991). The climate is warm with dry winters
and hot summers (Cwa) (Alvares et al. 2013). The
average temperature is 20.6°C in the warmer and
17.1°C in the colder months, while the annual
precipitation is on average 1534 mm (Reis et al.
2005). The dry season occurs between April and
September, and the wet season from October to
March (Alves et al. 2005).

Fieldwork

Bats were captured (IBAMA license 40681-2) every
month and with the same effort with mist nets
(two 9 x 2.5 m, two 6 x 2.5 m and one 12 x 2.5 m)
from April 2014 to March 2015 in different sites of
FEENA to cover its various phytophysiognomies,
but always within Eucalyptus stands. Mist nets
were arranged about 20 to 50 m away from
each other on trails crossing the Eucalyptus
stands or along their edges close to wetlands
and naturally regenerated vegetation between
stands. Nets were placed at the understory (2.5
meters high), opened at dusk and closed after
five hours. The calculation of sampling effort
followed Straube & Bianconi (2002). Plastic
sheets were placed under the nets to optimize
the collection of feces, and about the record of
captured bats transporting fruits or fruit parts,
as well as other items (such as leaves, animals
or pollen on their faces) (Galindo-Gonzalez et al.
2009, Jacomassa et al. 2021).

Mistnetswere checked every hour, regardless
of the time used to perform the previous review.
Captured bats were placed in numbered cotton
bags for about 30 minutes, a time sufficient for
them to defecate. Feces, either retrieved from
bags or from the plastic sheets, were placed
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in plastic tubes (Eppendorf®) containing 70%
alcohol with the individual identification of
the specimen. Bats were identified according
to Gardner (2008), received a numbered
metallic ring on the forearm, and had their
morphometric and biological information (sex,
age and reproductive status) annotated.

Seeds from fecal samples were identified
by comparison with our own seed reference
collection. The plant species identified in fecal
samples were classified into successional
categories (pioneer and secondary) according
to the literature (Lorenzi 2016, 2020, 2021, Mentz
& Oliveira 2004, Thies & Kalko 2004, Zama et
al. 2012). The dietary category of bat species
followed Reis et al. (2007). The taxonomic order
of bats followed Garbino et al. (2024). For plants,
the taxonomic order followed the Angiosperm
Phylogeny Group (APG IV 2016), and plant names
were validated according to Flora e Funga do
Brasil (2024).

Data analyses

Bat abundance and richness

We calculated the dominance (D, number of
individuals of each species captured divided by
the total number of individuals captured) and
constancy (C, percentage ofthe monthly presence
of each species over the sampling months) of
bat species. Species with a constancy greater
than or equal to 50% were considered common,
those with a constancy between 50% and 25%
were uncommon species, while species whose
constancies were below 25% were considered
rare (Ciechanowski 2002).

We used the first-order Chao richness
estimators (Chao1), which considers rare
species and their incidence (Chao 1984),
and second-order Jackknife (Jack2), which is
the most efficient in estimating bat species
richness considering an incomplete inventory
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(Rex et al. 2008). Both estimators are widely
used in species assemblage studies (Gotelli
& Colwell 2010). Diversity was expressed as
the Shannon-Wiener index (H’), which gives
greater weight to rare species and is widely
used in ecological studies, thus permitting the
easy comparison with other studies. To assess
sampling completeness, collector curves were
made based on the addition of new species over
the monthly samplings as well as the number of
individuals captured.

We used the Bray-Curtis index to access
the similarity of our bat assemblage with other
Eucalyptus areas. We compared our data with
Hayashi (1996), who worked in an abandoned
monoculture of Eucalyptus with understory
composed by small pioneer plants about 100 km
from our study area, Lima (2008), who worked
in several plots of Eucalyptus spp. with poorly
developed understory used for the production
of cellulose 360 km distant from FEENA, and
Pina et al. (2013), who studied Eucalyptus
plantations without understory, 640 km from
FEENA. We used these studies because they are
the only ones that sampled bats in Eucalyptus
plantations in Brazil, and used mist nets placed
atthe understories. For more details on the cited
studies see Table Il. Analyses were performed
using the PAST 4.03 statistical package (Hammer
et al. 2001).

Frugivory by bats

To evaluate the contribution of each bat and
plant species to the seed dispersal process, we
used the importance index (lj) developed by
Murray (2000). This index is calculated using the
formula: 1j = ¥ [(Cij/Ti)/S where Ti is the total
number of bat species feeding on plant species
I or the total number of plant species i on the
diet of bat species i, and S is the total number
of plant or bat species include in the sample.
Cij is 1 if the bat species ate the plant species
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or 0 if not (presence or absence of interaction).
Note that this index allows one to estimate the
community-level contribution of a species as a
function not only of the number of interactions
it performs, but also of the number of other taxa
that interact with the same species (Silva et al.
2002).

RESULTS
Bat species richness and abundance

We made 86 captures of nine species from
two families of bats, including two recaptures
(2.3% of recapture rate; capture success of
0.013 captures/m>h) of 84 individuals (monthly
average of 71 + 1.6 captures, with a minimum of
one capture in September and a maximum of
21 in February) with a total sampling effort of
6,300 m°.h (525 m°.h per month). Phyllostomidae
was the family mostly captured (eight species;
98.8% of the captures), while Vespertilionidae
had only one species. Frugivorous bats form the
bulk of species and captures (90.6%). Artibeus
lituratus (Olfers, 1818), Carollia perspicillata
(Linnaeus, 1758) and Sturnira lilium (E. Geoffroy,
1810) were dominant, with 83.7% of the captures,
all of them considered common species, while
the other species were considered rare (Table I).

The species richness was estimated at 10.36
(Chao1) and 1349 (Jack2) species, meaning that
our inventory reached, respectively, 86.8% and
66.7% of the estimated species richness. The
species accumulation curves stopped increasing
in the 9th month of sampling (75% of sampling)
and in the 49th capture (57% of captures) (Figures
1a and b). The diversity index H' (Shannon-
Wiener) was 1.61. Our bat assemblage was more
similar to the Hayashi (1996), followed by Lima
(2008) and Pina et al. (2013) (Table I1).

Some individuals were collected to confirm
species identification and were deposited in the
Mammal Collection of the Museum of Zoology
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Table I. Bat species and their feeding guilds (G: frugivorous = f, nectarivorous = n, insectivorous = i), number of
captures (C) and recaptures (parentheses), dominance (D%) and constancy (C%) in the study area. Species with C 2
50% are considered common, 25% < C 2 50% are considered uncommon, and C < 25% are considered rare.

Family/Species
Phyllostomidae
Micronycteris megalotis (Gray, 1842)
Anoura caudifer (E. Geoffroy,1818)
Glossophaga soricina (E. Geoffroy;1810)
Carollia perspicillata (Linnaeus, 1758)
Artibeus fimbriatus (Gray, 1838)
Artibeus lituratus (Olfers, 1818)
Platyrrhinus lineatus (E. Geoffroy;1810)
Sturnira lilium (E. Geoffroy;1810)
Vespertilionidae
Myotis nigricans (Schinz, 1821)
Total

(ZUEC-Mam) of the Universidade Estadual de
Campinas (Unicamp), Brazil. The collected
individuals were an adult female of Anoura
caudifer (E. Geoffroy, 1818) (ZUEC-Mam 2702),
a juvenile male of Glossophaga soricina (E.
Geoffroy, 1810) (ZUEC-Mam 2706), and an adult
male of Micronycteris megalotis (Gray, 1842)
(ZUEC-Mam 2726).

During the fieldwork period we occasionally
recorded other three bat species in FEENA:
Molossus molossus (Pallas, 1766) (insectivorous)
in a roost with some individuals found on
April below the roof of FEENA's administrative
headquarters; Desmodus rotundus (E. Geoffroy,
1810) (hematophagous) in a roost with about
eight individuals found on May under a bridge
of the Ribeirao Claro; and Chrotopterus auritus
(Peters, 1856) (carnivorous) when in October we
saw two flying specimens inside a building used
asawarehouse. These species were notincluded
in the analyses as they were not captured in
our mist net samplings. We also recorded other
diurnal roosts with C. perspicillata, G. soricina,

G C D% C%
i 1 116 0.8
n 1 116 0.8
n 5 5.81 4.2
f 25(2) 29.07 66.6
f 4 4.65 33
f 26 30.23 75
f 2 2.33 1.7
f 21 2442 50
1 116 0.8
86 (2) 100

A. caudifer and M. megalotis inside abandoned
houses.

Frugivory by bats

A total of 51 fecal samples (from 59.3% of the
captured bats) were collected from seven
bat species, 46 of which (that came from five
Phyllostomidae species) contained seeds
(monthly average of 3.8 + 1.0 samples, ranging
from none in September to 13 samples in
February). These fecal samples contained a total
of 5,354 seeds from 17 species from six plant
families. Fourteen of the samples contained
seeds of two or three plant species. Fecal
samples of C. perspicillata contained seeds of
two species of plants on six occasions and three
species on three occasions, and fecal samples
of S. lilium contained seeds of two plant
species on seven occasions. One fecal sample
of C. perspicillata besides seeds contained
parts of caterpillars and leaf fragments. Five
fecal samples not contained seeds. Three of
them contained pulp of fleshy fruits (such in G.
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Figure 1. Species accumulation curves by months (a), and by number of captures (b), both with logarithmic trends

(dashed lines).

soricina, A. lituratus and S. lilium), and two only
had insect fragments (one of each G. soricina
and M. megalotis). We did not record any other
form of frugivory (such bats transporting large-
seeded fruits in the mouth).

Most of the seeds (93.7%) and seed species
(941%) were pioneers. They were present in
97.8% of fecal samples. Piperaceae was the most
frequent plant family, with two of six species
(Piper aduncum L. and P.amalago L.) accounting
for 60% of seeds collected. Carollia perspicillata
and S. lilium were responsible for 84.8% of
the seed-containing fecal samples and 76.5%
of the plant species found (13 species), with a
predominance of Piperaceae. Piper aduncum
was consumed by 80% of the bat species.
Regarding the contribution of the species to
the seed dispersal process (lj), the bats C.
perspicillata (Ij = 0.426), A. lituratus (0.220) and S.
lilium (0.279), and the plants P aduncum (0.285)
and Cecropia pachystachya Trec. (0.200) were
the most important (Table I11).

DISCUSSION

Bat richness and abundance

We got similar bat species richness (ranging
from eight to 11 species) to other studies carried
out in Eucalyptus plantations in Brazil. In
addition to the studies listed in Table Il that we
used for comparison, Homem et al. (2020) found
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11 species (abundance not quantified), with
349,749 m”.h of sampling effort in an Eucalyptus
plantation in 25 sampling months (between
2007 and 2011 in mixed area of Atlantic forest
and Cerrado). The low number of recaptures we
obtained likely reflects the large area of FEENA
(> 2,000 ha) which provides a vast habitat to
be explored by bats (Fleming 1988, 1991, Voigt
et al. 2017). It should be noted that our study
showed greater diversity index than the other
studies, possibly because our study area has
well-developed understory with native trees
recruiting among the planted Eucalyptus, thus
providing a more heterogeneous and complex
habitat. Pedro & Taddei (1997) considered that
a Shannon diversity index close to 2.0 reflect a
high number of individuals in a given area, with
few dominant species. The greater similarity in
species composition with the study by Hayashi
(1996) probably occurred because, in addition to
the shorter distance between the areas (100 km),
both areas have similar habitat with vegetation
composed of seasonal semideciduous forest
with Cerrado influence (Veloso et al. 1991).
Species accumulation curves (either based
on monthly captures or individual captures) did
not present an asymptote, suggesting that the
sampling effort was not enough to sample all
species, which is reinforced by the estimated
species richness we obtained. So, we were
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Table Il. Comparative data with the bat assemblages sampled in other Eucalyptus plantations. Approximate age of
plantation during sampling (age), area (ha), biomes (Atlantic Forest - AF; Cerrado - CE; and mixed between the two
- MX), understory development, number (N) of captures, number (N) of frugivorous species, number (N) of plant
species consumed, sampling effort (m”.h), diversity index (H’), percentage similarity (%), and distance (km) to our
study area. All the values were found or calculated from the data available in the original papers.

Our study Hayashi 1996 Lima 2008 Pina et al. 2013
age (years) 24 - 104 40 - 50 20 -
area (ha) 2,230.53 137 30 150 - 378.2
biomes MX MX AF CE
understory developed poorly poorly without
N captures 86 130 86 75
N species 9 10 M 8
N frugivorous 5 7 5 -
N plant species 17 13 8 -
sampling effort 6,300 37,440 6,720 24,000
H’ 1.76 1.55 119 1.28
% - 72 26 38
km - 100 360 640

not able to sample all species occurring in
the area because our sampling with mist nets
was restricted to species that move in the
understory (where most of the food resources
for frugivorous bats like Phyllostomidae are
found, Pedro & Taddei 1997). We found three
other species (which were also captured with
mist nets in the undestory) when using another
method (search for shelters), totaling 12 species
(also totaling three families and five feeding
guilds). This only reinforces that for bat species
surveys it is important to use several methods
for increasing the number of species sampled in
a locality (Bernardi et al. 2009).

The dominant species in this study (Artibeus
lituratus, C. perspicillata and S. lilium) are among
the five most abundant in Brazil, commonly
found in altered areas in fragmented landscapes,
secondary forests, and areas of lower structural
complexity due to their ecological plasticity,
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including their diet (Marinho-Filho 1991, Cosson
et al. 1999, Schulze et al. 2000, Medellin et al.
2000, Estrada & Coates-Estrada 2001, Gorresen
& Willig 2004, Faria 2006, Muscarella & Fleming
2007, Mello & Passos 2008, Bredt et al. 2012). The
most abundant species were Sturnira lilium in
the studies by Hayashi (1996) and Lima (2008),
and Carollia perspicillata in the study by Pina et
al. (2013), two of the three most abundant species
in our study. The presence of a few species,
some of which abundant and generalist, is
typical of altered habitats that characteristically
have a greater number of individuals of few
species, while preserved environments have a
greater diversity of species (Muller & Reis 1992).
In commercial plantations, bat communities
are made up mainly of generalist species of
forest edge, while the greater diversity of the
vegetation in native forests allow for specialist
species (Zurita et al. 2006).
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Table Ill. Number and percentage of seed-containing fecal samples of bat species. Plant successional category:
pioneer = ?; and secondary = *. Bats: Carollia perspicillata = Cp; Anoura caudifer = Ac; Artibeus lituratus = Al;
Platyrrhinus lineatus = Pl; and Sturnira lilium = SL. Total samples (Ts). Total bat species (Th). Importance index for

plant and bat species = Ij. Some values cited in the text are highlighted in bold or italic.

Bat species Cp
Families and plant species N(%)
Moraceae
Ficus citrifolia Mill.?
Ficus obtusifolia Kunth?
Ficus sp 1
Myrtaceae
Psidium guajava L? 1(2.8)
Piperaceae 30(85.5)
Piper aduncum L. 15(42.8)
Piper amalago L.° 6(17.1)
Piper arboreum Aulb. 4(11.4)
Piper peltatum L. 4(1.4)
Piper sp 1°
Piper sp 2° 1(2.8)
Solanaceae
Solanum granulosoleprosum Dunal® | 1(2.8)
Solanum pseudocapsicum LP 1(2.8)
Solanum sanctae-catharinae Dunal® | 1(2.8)
Solanum variabile Mart.” 1(2.8)
Rubiaceae
Genipa americana L.?
Urticaceae
Cecropia pachystachya Trec.”
Coussapoa microcarpa Schott ®
Total samples and percentage | 35(100)
Total of plant species 10
lj 0.426
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Ac

N(%)

1(100)

1(100)
1

0.014

Al

N(%)

1(20)

1(20)
5(100)
5

0.220

Pl

N(%)

1(100)

1(100)
1

0.058

Sl

N(%)

2(87)
19(78.1)
6(26)

10(43.5)

23(100)
8

0.279

Ts Tb lj
N(%) | N(%)
3(60)
115) | 1(20) | 0.040
11.5) | 1(20) | 0.040
2(31) 2(40) | 0.065
3(46) | 2(20) | 0.045
50(77)
23(354) | 4(80) | 0.285
16(24.6) | 2(40) | 0.045
4(6.2) | 1(20) | 0.020
4(62) | 1(20) | 0.020
1(15) | 1(20) | 0.025
231) | 2(40) | 0.045
5(7.7)
2(31) | 2(40) | 0.045
115) | 1(20) | 0.020
1(1.5) | 1(20) | 0.020
1(15) | 1(20) | 0.020
1(15) | 1(20) | 0.025
2(31)
1(15) | 1(20) | 0.200
1(15) | 1(20) | 0.040
65(100)
17
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The dominance of frugivores in bat
assemblages is a recurrent pattern in studies
in the Neotropical region (Fenton et al. 1992,
Kalko 1998, Simmons & Voss 1998, Schulze et
al. 2000, Gorresen & Willig 2004). The great
representativeness of such diet category can be
explained by the fact that Phyllostomidae is the
richest bat family in Brazil (96 species, 51% of
the species) (Garbino et al. 2024), and to the use
of mist nets in the understory, a less efficient
method for capturing insectivores from the
families Vespertilionidae and Molossidae that
have a higher ability to detect and avoid nets
or, like Molossidae, that use more frequently the
forest canopy and aerial space above it (Pedro
& Taddei 1997, Gregorin et al. 2017, Delgado-
Jaramillo et al. 2020).

Phyllostomidae also has the greatest
ecological diversity among mammals, including
frugivores, nectarivores, carnivores, insectivores
and hematophagous species (Fleming 1988,
Kalko 1997). Petchey & Gaston (2002) point out
that the complementarity in the use of resources
is a process that links diversity with ecosystem
functioning. So, it should be highlighted the
importance of the Phyllostomidae species in
an Eucalyptus plantation like FEENA, where
they likely perform fundamental ecological
services such as seed dispersal, pollination and
population control of insects and other animals.

Frugivory by bats

In other Eucalyptus forests, Hayashi (1996) found
seven species of bats consuming 13 plants, while
Lima (2008) found eight plants consumed by
five bat species. We recorded so far the largest
number of plant species consumed by bats in an
Eucalyptus plantations in Brazil (17 plants, even
with a smaller sampling effort, see Table II), with
emphasis on pioneer plants, even though there
was an invasive exotic species (Psidium guajava
L., Richardson & Rejmanék 2011). Frugivorous
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bats contribute to the establishment of many
plant species, especially pioneers (Galetti &
Morellato 1994, Passos et al. 2003). The fact that
pioneer species serve as food for fruit bats
may explain their commonness in areas where
vegetation has been altered, such as forest
fragments, edges and clearings, where the seed
dispersal they promoted is important to start
the succession process. (Medellin & Gaona 1999,
Laurence et al. 2002, Clarke et al. 2005). There
are evidence that plantations can facilitate
forest succession in their understories through
modification of both physical and biological
conditions (Parrotta et al. 1997, Fonseca et al.
2009). Such modifications, as changes in light,
temperature and moisture at the soil surface,
for example, enable germination and growth
of seeds transported to the site by wildlife and
other vectors from adjacent forest remnants
(Parrotta et al. 1997).

The interactions between bats and plants
were marked by a certain heterogeneity,
where a few species (n = 5) interacted with
a considerable number of plants (n = 17)
compared to other studies. Anoura caudifer
and Platyrrhinus lineatus (E. Geoffroy, 1810)
interacted with only one plant, however these
species were captured a few times, suggesting
that the low number of interaction is most likely
caused by the low number of captures of these
species. The most dominant species (and one of
the most frequent), C. perspicillata, is tolerant
to changes in the environment, and can feed
on a wide variety of fruits (Galindo-Gonzalez
2004, Passos et al. 2003). This species had the
highest number of interactions and the highest
importance value in the dispersal of seeds. It
prefers Piperaceae fruits (Gardner 1977) in such
a way that the fruiting period of Piper spp. is
one of the variables that directly affects the
reproductive period of this species (Mello et al.
2004). The presence of C. perspicillata in areas
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where fragmentation and habitat modification
processes occur can thus be related to the fact
that it feeds on pioneer plants (Piper spp.) that
are generally abundant in the margins of forest
fragments and in secondary forests. However,
when there are no fruits of this genus available,
the species can feed on fruits of Solanaceae and
Urticaceae (the formerly Cecropiaceae) (Mello
et al. 2004). The importance of the species as
seed disperser is related to the consumption of
a great variety of fruits, covering long distances
in search of food and defecating in temporary
shelters used for resting intervals (Fleming
1988), as observed in the study area.

The diet of Sturnira lilium includes several
plantfamilies, butisconcentrated onSolanaceae,
mainly the genus Solanum (Passos et al. 2003,
Jacomassa et al. 2021). Bats of this species are
considered efficient dispersers of this genus
due to the long distances they travel and their
high abundance in different locations (Mello
et al. 2008, Jacomassa et al. 2021). This species
consumes a wide variety of fruits, as well as
insects and pollen (Gardner 1977, Gannon et al.
1989, Jacomassa et al. 2021), which may explain
the consumption of other families such as
Piperaceae, Myrtaceae, Moraceae and Rubiaceae
in places where there is no Solanaceae or its
abundance is low.

Artibeus lituratus ingested mostly fruits
of Moraceae, being specialist in the fruits of
this family, especially in the genus Ficus and
Cecropia (today Urticaceae) (Fleming 1986). As
both were found in their diet, in addition to
Piper aduncum, plant species that presented
the greater importance in the seed dispersal
process by bats, attention should be paid to
the availability of these fruits in the study area
throughout the year.

When there is a lack of food, the bat
species we sampled has great food plasticity
and can feed on a variety of plant matter, such

BATS IN A Eucalyptus PLANTATION

as fruits, flowers, leaves and insects (Gardner
1977, Galetti & Morellato 1994, Passos & Graciolli
2004, Laurindo & Vizentin-Bugoni 2020). These
species have great ecological flexibility and can
exploit such food resources in different habitats,
migrating when there is a shortage of food
(Galetti & Morellato 1994, Zortéa & Chiarello
1994, Passos et al. 2003, Laurindo & Vizentin-
Bugoni 2020, Jacomassa et al. 2021).

Piper aduncum was the most important
plant (Ij) dispersed in the area, likely because it
was dispersed by the most important bat seed
disperser (C. perpicillata), and by the greatest
number of species (n = 4 species). Cecropia
pachystachya, another important pioneer
plant in the study region and the second most
important dispersed plant, stood out as it
was consumed exclusively by one bat species
(P. lineatus). Ficus obtusifolia Kunth, Psidium
guajava and Genipa americana L. identified in
fecal samples of S. lilium; P aduncum in Anoura
caudifer; Solanum pseudocapsicum L. and S.
sanctae-catharinae Dunal in C. perspicillata;
and Coussapoa microcarpa Schott in A. lituratus
were not previously identified in the diet of these
bat species. Coussapoa microcarpa is described
here for the first time in the diet of bats (Fabian
et al. 2008, Lobova et al. 2009, Bredt et al. 2012,
Laurindo & Vizentin-Bugoni 2020). It is important
to note, however, that the methodology used
here, although common in diet studies of fruit
bats, is limited to characterize the total diet of
these animals since many fruits with large seeds
that do not pass through the digestive tract are
usually not sampled (Galetti & Morellato 1994,
Zortéa & Chiarello 1994). Although it is possible
to capture bats carrying such fruits when they
fall a in mist net (Jacomassa et al. 2021), this did
not occur in this study.

Finally, planted forests can contribute to
conserve biodiversity when they have an well-
developed understory (Fonseca et al. 2009).
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Although there is evidence that over time an
abandoned area of Eucalyptus may present a
simplified vegetation structure compared to
native vegetation (Vital 2007), they can serve as
habitat for bats (and other species, Lindenmayer
etal. 2003, Lopes et al. 2015), which may disperse
seeds, mainly of pioneer plants, promoting its
biodiversity. There are gaps of knowledge about
how the fauna in general behaves in exotic tree
plantations. In particular, we lack more studies
that assess the ecological interactions that are
important for the resilience of biodiversity and
long-term monitoring of the fauna and their
ecological relationships in such areas. There
are also few studies on bats in exotic tree
plantations, especially addressing questions
related to its functional diversity and ecological
aspects.
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