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Abstract

Brazil’s large territory displays significant richness in caves with about 12 thousand caves already recorded. Nevertheless,
studies on bats in these environments are extremely scarce and fragmented. This study characterized the chiropteran
fauna from two sandstone caves under the influence of the Belo Monte hydroelectric dam (Belo Monte UHE) in Para,
Brazil. The Kararad and Kararad Novo caves are located on the same ridge, 250 m apart. Three expeditions were
carried out in 2013 and 2014, with a 4- to 5-month interval in between. A total of 589 animals were caught, 246 in the
Karara6 cave and 343 in the Kararad Novo cave. Fifteen species were recorded (13 in each cave) representing 79%
similarity. With the exception of Vampyrum spectrum, which is not a cave species, the remaining recorded species
were mostly cave bat species. Some species seemed to use the caves seasonally, although the basis of this pattern is
still unknown. The most commonly observed species were Pteronotus personatus (dominant in the Karara6 cave),
P, parnellii (dominant in the Kararad Novo cave), and Lionycteris spurrelli, which accounted for 65% of all captures
recorded for the two caves. Natalus macrourus is a species recorded in the Kararad cave that is regionally threatened
with extinction. Both caves are less than 500 m from the future reservoir; however, because the Kararad cave entry
is in an area that is lower than the reservoir, it can suffer alterations that would affect its dynamics. This raises great
concern about the cave’s associated fauna.
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A fauna de morcegos das cavernas Karara6 e Kararaé Novo na area de
influéncia da Usina Hidrelétrica de Belo Monte, Para

Resumo

O Brasil, com sua vasta porgao territorial compreende uma alta riqueza de cavernas com cerca de 12 mil ja registradas.
Nao obstante, os estudos sobre morcegos nestes ambientes sdo extremamente escassos e fragmentados. Neste estudo
caracterizamos a quiropterofauna de duas cavernas areniticas sob influéncia da Usina Hidrelétrica de Belo Monte no
Para. As cavernas Karara6 ¢ Kararad Novo estdo localizadas na mesma escarpa separadas por 250 m uma da outra.
Foram realizadas trés expedigdes com intervalo de 4 e 5 meses nos anos de 2013 e 2014. Realizou-se 589 capturas,
sendo 246 na caverna Karara6 e 343 na Kararad Novo. Quinze espécies foram registradas das quais duas foram
exclusivas de cada caverna, equivalendo a 79% de similaridade. Excetuando-se o registro de Vampyrum spectrum,
uma espécie ndo cavernicola, todas as demais sdo morcegos usualmente ou preferencialmente cavernicolas. Algumas
espécies parecem usar sazonalmente as cavernas embora o porqué deste padrio seja ainda desconhecido. As espécies
mais comumente observadas foram Pteronotus personatus (dominante na Kararad), P. parnellii (dlominante na Kararad
Novo) e Lionycteris spurrelli que totalizaram 65% das capturas somando-se os registros das duas cavernas. Uma espécie
ameacada regionalmente de extin¢do, Natalus macrourus, foi registrada na Kararad. As duas cavernas estdo a menos
de 500 metros do futuro reservatorio da UHE Belo Monte, porém, a entrada da caverna Karara6 esta em uma cota
mais baixa que a do limite do reservatdrio, podendo sofrer alteracdo em sua dinamica, denotando maior preocupacao
em relacdo a sua fauna associada.

Palavras-chave: biodiversidade, cavernas, conservagao, reservatorio.
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1. Introduction

Fifteen percent of all bat fauna on the planet is in Brazil,
and much of this richness is in the Amazon biome. A total
of 146 species are recorded in this biome, distributed in nine
families (Paglia et al., 2012). Of these, at least 46 species
are endemic to the Amazon biome (Bernard et al., 2011a).
Para state hosts approximately 120 species and thus shows
the greatest richness in Brazil (Bernard et al., 2011a).

Regardless of significant advances in knowledge about
the diversity of Brazilian bats in the last two decades, few
areas have been minimally sampled (Bernard et al., 2011b).
Bats are not the only mammals inhabiting caves; however,
they best exploit this type of environment, and some caves
hold colonies with millions of individuals (Kunz, 1982).
The caves are an important environment for several bat
species, which, in turn, fundamentally contribute to the cave
dynamics through an allochthonous supply of resources.

Studies of caves in Brazil are still scarce and fragmented,
and few caves have been sufficiently sampled. According
to Guimaraes (2014), bat surveys and occasional records
are reported in 266 out of the 12,000 caves in Brazil.

According to the CECAV database (2014), there are
1,819 caves recorded in Para, of which 616 are recorded by
the Brazilian Society of Speleology (SBE, 2014). The only
information about bats and caves in the state of Para is from
studies by Trajano and Moreira (1991), Pinto-da-Rocha
(1995), and Pinheiro et al. (2001), which demonstrate the
critical lack of knowledge on cave fauna in Para.

In the current study, we conducted a survey in two
neighboring caves that make up the Kararaé complex, the
Karara6 cave and Kararad Novo cave, located in the area
under direct influence of the Belo Monte hydroelectric dam.

This study contributes to the knowledge on the
chiropteran fauna in caves in Para and evaluates the
potential environmental impact of the future Belo Monte
hydroelectric reservoir on these animals’ populations.

2. Material and Methods

The present study was carried out within the speleological
province of Altamira-Itaituba, in two nearby caves, Kararad
and Kararad Novo. These are to the left of the Santo Antdnio
Creek watershed, on the opposite ridge to the Santa Helena
stream valley, in the municipality of Vitoria do Xingu, and
in the micro-region of Altamira, Brazil.

The Altamira-Itaituba Speleological Province is located
in the contacting board of the geological domains of the
Sedimentary Basin of the Amazon River and the Cristalino
basement in the Xingu River Complex (Freire et al., 2013).
The Kararad and Kararaé Novo caves, as well as most of
the caves in the Altamira region, are formed in shales from
the Curuéd Formation, showing development in friable
sandstones from the Maecuru Formation (Norte Energia,
2009). These caves were mapped by a speleological team
to comply with the environmental restrictions for the Belo
Monte project (Norte Energia, 2009, 2010 — Technical
Reports). The description of the two caves follows.
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* (PA-022) Kararad Cave (409117 L - 9652836 W):
This cave is in a small mountain range with an
approximate N-S orientation, corresponding to a
residual relief associated with the occurrence of
sandstones from the Maecuru Formation. Located in
the area directly affected by the Belo Monte project,
the cave is located at 178 m from the future reservoir
(Leme Engenharia, 2009).

Karara0 Novo Cave (408921 L - 9653076 W):
This cave still does not have a registration number
in the National Register of Caves (CECAV, 2014).
The Kararad Novo cave is in the same area of the
Kararao cave, however, it is on a stretch where the
sandstone ridge shows an N-S inflection to NW.
This cave has only one opening facing SW (Norte
Energia, 2009). It is located in the area of direct
influence of the Belo Monte project and is located at
474 m from the future reservoir.

In structural terms, the two caves are in the same sandstone
ridge, however, they have distinguishing characteristics.
The Kararad cave is the largest and has ample lounges and
a permanent stream. The Kararad Novo cave is a dry cave,
has a wide opening that becomes reduced, and has stacks
of fallen rocks. The caves are 150 m apart in a straight line.
The native vegetation around both caves is composed of
rain forest very disturbed with the conversion of forests
mainly in pastures. The remaining forest fragments present
secondary state of growth.

Bat fauna in the two caves was sampled during
three field expeditions. These expeditions were 2-3 days
each and occurred in May (rainy season) and September
(dry season) of 2013 and February (rainy season) of 2014.
Two methods were employed to capture the bats: mist-nets
and harp traps. Both methods were used when the bats
first emerged from the caves, from 5:30 pm until 9:30 pm.

Four mist-nets were placed each day in the Kararad
Novo cave and two in the Karara6 cave. The nets measured
15 meters long by 3 meters high and were placed inside
and at the cave openings. The effort with mist nets was
calculated according to Straube and Bianconi (2002).

One single harp trap was used in alternating days in
both caves. This type of trap is extremely useful in areas
of high concentration of bats such as caves (Kunz and
Kurta, 1988). The trap had a 1.50 x 1.50 m interception
frame and was placed 1 m above the ground. This trap was
not available in the first expedition when the catches were
performed only using the mist-nets. The sampling effort
in each method is presented in Tables 1 and 2.

All traps were constantly inspected during the sampling
period. Captured bats were packed in cloth bags and
subsequently manipulated for the biometric measurements.
The data collected from each specimen included several
pieces of identifying information: taxonomical identification
at the lowest possible level, sex, age, reproductive stage,
forearm measurements, and weight. The animals were
banded with colored cylindrical necklaces (Esbérard and
Daemon, 1999) and released in the same collection sites.
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Table 1. List of species and number of captures in the Kararaé Cave.

Taxa T Expe;;tlons 3 Total
Pteronotus personatus (Wagner, 1843) 20 0 29 49
Pteronotus parnellii (Gray, 1843) 22 7 16 45
Lionycteris spurrelli Thomas, 1913 0 36 9 45
Anoura geoffroyi Gray, 1838 2 23 15 40
Carollia perspicillata (Linnaeus, 1758) 0 25 4 29
Pteronotus gymnonotus (Wagner, 1843) 6 1 11 18
Natalus macrourus (Gervais, 1856) 4 1 1 6
Furipterus horrens (F. Cuvier, 1828) 1 0 2 3
Lonchorhina aurita Tomes, 1863 2 1 0 3
Desmodus rotundus (E Geoffroy, 1810) 0 1 1 2
Diphylla ecaudata Spix, 1823 2 0 0 2
Peropteryx trinitatis Miller, 1899 1 0 1 2
Trachops cirrhosus (Spix, 1823) 0 0 2 2
Number of captures 60 95 91 246
Number of species 9 8 11 13
Harp Trap effort (hours) 0 3 3 6
Mist nets effort (m?h) 450 450 450 1350
Table 2. List of species and number of captures in the Kararadé Novo Cave.
Taxa T Expe;:itlons 3 Total
Pteronotus parnellii (Gray, 1843) 53 41 15 109
Pteronotus personatus (Wagner, 1843) 58 3 36 97
Lionycteris spurrelli Thomas, 1913 2 23 11 36
Anoura geoffroyi Gray, 1838 17 0 13 30
Carollia perspicillata (Linnaeus, 1758) 3 20 4 27
Pteronotus gymnonotus (Wagner, 1843) 11 6 9 26
Peropteryx macrotis (Wagner, 1843) 5 0 0 5
Lonchorhina aurita Tomes, 1863 0 4 0 4
Furipterus horrens (F. Cuvier, 1828) 1 2 0 3
Desmodus rotundus (E. Geoffroy, 1810) 1 0 1 2
Trachops cirrhosus (Spix, 1823) 1 0 1 2
Diphylla ecaudata Spix, 1823 0 0 1 1
Vampyrum spectrum (Linnaeus, 1758) 0 1 0 1
Number of captures 152 100 91 343
Number of species 10 8 11 13
Harp Trap effort (hours) 0 6 6 12
Mist nets effort (m2h) 450 450 450 1350

Two recaptures from a previous study conducted by a
consulting team (unpublished data) were considered because
the data were available in their database. These bats were
banded with an aluminum numbered ring on their forearm.

The bat species were classified in categories of cave use
and of richness and abundance of bats in caves according
to Arita (1993).

The sampling sufficiency was evaluated by rarefaction
curve based on the sample effort. The total expected
richness was calculated with the estimator Jackknife 1
(1000 randomizations) for each cave based on sampling
nights. Vampyrum spectrum was excluded from this
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analysis because it is not a bat found in caves (see results
and discussion).
The faunistic similarity was calculated for the two
caves using the Jaccard coefficient of similarity.
Voucher specimens were deposited in the Biodiversity
Animal Laboratory at the Federal University of Goids,
Jatai Regional (IBAMA license n° 251/2013).

3. Results and Discussion

Among 589 captures, 246 in the Karara6 cave and 343
in the Kararad Novo cave (Tables 1 and 2), 584 bats were
caught; five individuals were recaptured. Thirteen species
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Figure 1. Mean values of observed and estimated species (Jackknife 1) of the Kararad and Kararad Novo caves.
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Figure 2. Richness and abundance data for the bats
recorded in the Kararad and Kararad Novo caves. The
species Vampyrum spectrum was excluded from the analysis
because it is not a cave species. The values in the graph
represent the number of captures. Occasional use: bats that
use caves occasionally; Preferential use: bats that use the
cave as main roost.

were identified in each cave, of which two were exclusive
in the Karara6 cave (Natalus macrourus and Peropteryx
trinitatis), and two in the Kararaé Novo cave (Peropteryx
macrotis and Vampyrum spectrum). In all, fifteen species
were recorded from the two caves.

The cumulative curve of observed and expected species
(Figure 1) showed that capture effort was not sufficient
to include all species at the two caves. The Jackknife
1 estimated 14.75 + 1.5 (mean + SD) species for Kararad
cave and 13.75 + 1.5 species for Kararad Novo. Thus, our
observed richness included approximately 88% and 87%
of the bat species expected for two caves.
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Pteronotus personatus was the dominant species in
the Kararad cave, accounting for 19.9% of all captures,
followed by P. parnellii and Lionycteris spurrelli with
18.3% each (Table 1). The same species were also the most
common in the Kararadé Novo cave: Pteronotus parnellii
(31.8%), P. personatus (28.3%), and L. spurrelli (10.5%)
(Table 2). These three species amounted to 65% of all
captures in both caves.

Among all species caught, V. spectrum is the only
species that does not inhabit caves, rather it shelters in
hollow trees along watercourses (Navarro and Wilson,
1982). Its capture in the Kararad Novo cave may have
been the result of a foraging incursion as the species is
carnivorous, occasionally feeding on other species of bats
(Navarro and Wilson, 1982).

Peropteryx trinitatis is a species with few records in
Brazil, with occurrences in the States of Bahia, Maranhao,
and Para (Hood and Gardner, 2008). The only record of this
species in a cave was reported by Handley Junior (1976)
in Venezuela. The present record is the first for caves in
Brazil. This species can live in caves but also uses other
types of shelters (Hood and Gardner, 2008).

Three recorded species, Carollia perspicillata,
Desmodus rotundus, and Trachops cirrhosus use caves
occasionally. The remaining recorded species are more
dependent on caves.

The richness and abundance of species that use caves
preferentially or occasionally (sensu Arita, 1993) were
similar in the two caves (Figure 2).

According to Arita (1993) proposition on classification
of richness and abundance of bats in caves, both the Kararad
and Kararad Novo caves can be designated as highly rich
(more than seven species), which shows the importance
of these caves for the chiropteran fauna.

After the exclusion of V. spectrum, this study demonstrated
79% of faunistic similarity between the two caves. Although
this similarity can be considered high, it should be noted
that the two caves are separated by a few meters and
located on the same ridge. The faunal complementarity
observed indicates that the protection of a set of shelters
(caves) would result in maintaining a higher biodiversity.
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Five recaptures of five different species occurred in
this study. Four recaptures occurred in the Kararad cave
between intervals of 13 to 20 months: Carollia perspicillata
and Diphylla ecaudata (13 months); Anoura geoffroyi
(14 months), and Lionycteris spurrelli (20 months).
Pteronotus personatus was the only recaptured case in the
Kararad Novo cave, 5 months after its capture.

Two distinct seasonality patterns were observed in the
caves (Tables 1 and 2):

Most abundant species in the rainy season: This
pattern was observed in the three species of
Pteronotus in both caves (except P. parnellii in the
Kararad Novo cave).

Most abundant species in the dry season: This
pattern was observed for Carollia perspicillata and
Lionycteris spurrelli. These species’ population
declined in the wet season in both caves.

Anoura geoffroyi was most captured in the dry season
in the Kararad cave. However, this species was most
commonly recorded in the rainy season in the Kararad
Novo cave.

The seasonal use of caves by bats has been observed in
temperate regions such as the United States (Kunz, 1982).
However, according to this author, caves in tropical regions
are environmentally more stable, and more uniform use of
caves throughout the year should be observed. The seasonal
pattern observed in some species in this study indicates
that even in more stable environments, other factors may
be influencing the dynamics of cave occupation.

All species recorded in this study have already been
noted to occur in the state of Para (Bernard et al., 2011a).
However, the occurrence of Peropteryx trinitatis is worthy
of note. The only citation of this species in Para, collected
in the city of Belém, comes from a compilation by Hood
and Gardner (2008). These authors make reference to
the locality “Utinga,” which probably corresponds to
the Environmental Park of Utinga, located around the
State capitol.

According to Guimardes (2014), bats have been recorded
in 13 of the 1,819 caves of the Para State. This means that
only 0.7% of caves in Para have some citation regarding
chiropteran fauna. In addition to the number of sampled
caves being extremely low, these studies often only
superficially mention the occurrence of bats in caves.

None of the species recorded in both caves is in the
lists of endangered species on a global scale (IUCN,
2014), nor are they threatened in Brazil (Brasil, 2003).
However, on a regional scale, Natalus espiritosantensis
(= Natalus macrourus) is listed as “vulnerable” on the list
of endangered species in the state of Para (Para, 2008).

According to speleological studies about the relevance
of natural caves under the influence of the Belo Monte UHE
(Norte Energia, 2010) and the current Brazilian legislation
(Brasil, 2008, 2009), the Kararad Cave was considered
of utmost importance, whereas the Kararad Novo Cave
was considered highly relevant. The occurrence of one
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species threatened with extinction in the Kararad cave
(N. macrourus), and the high richness and abundance of
bats in both caves reinforce the environmental relevance
of these caves.

The Kararad cave is located 178 m from of the limit
of the future UHE dam. However, the cave entrance is at
a level below the reservoir and may have its dynamics
changed as a result of the implementation of the project.
Monitoring the filling of the reservoir will be important to
minimize possible impacts caused by the Belo Monte UHE.
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