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Resumo

Diversidade de morcegos ao longo do gradiente altitudinal na bacia do rio Itabapoana, Espirito
Santo, Brasil. Entre os mamiferos que ocorrem ao longo de todo gradiente altitudinal em montanhas no
sudeste do Brasil (i.e. Mata Atlantica), os morcegos podem ser um excelente modelo de analise, porque sdo
abundantes e apresentam todas as guildas. Nas cadeias de montanhas ao redor do mundo, a comunidade de
morcegos pode apresentar dois padrdes de riqueza e diversidade de espécies: 1) declinio progressivo na riqueza
e diversidade de espécies a medida que a altitude aumenta; ou 2) um pico de riqueza e diversidade no nivel
altitudinal intermediario. Nesse contexto, o presente estudo teve como objetivo realizar um levantamento das
espécies de morcegos ocorrentes nos fragmentos localizados na bacia do rio Itabapoana verificando a influéncia
do gradiente altitudinal nas taxas de capturas dos morcegos. Para a captura dos morcegos, utilizamos redes
de neblina, armadas no nivel do solo, totalizando um esfor¢o amostral de 1.500 m?/ha para cada localidade.
A regido do rio Itabapoana apresentou uma elevada riqueza de espécies de morcegos (26 espécies), abrigando
44% das espécies ja registradas no Espirito Santo. Nosso estudo mostrou que existe uma variagdo nas taxas
de captura de morcegos e riqueza de espécies, com uma reposicao de algumas espécies, ao longo do gradiente
altitudinal na regido do rio Itabapoana. As mudancas na heterogeneidade do habitat ao longo desse gradiente
sdo provavelmente um dos fatores ecologicos fortes que afetam esses parametros. Além disso, os dados desse
estudo permitem a expansao do conhecimento das espécies de morcegos que ocorrem na regido do Itabapoana.
A diversidade de espécies encontrada, juntamente com a ocorréncia de espécies raras, destaca a importancia da
regido para a conservacao ajudando a entender os padrdes de distribuicao das espécies.

Palavras-chave: Altitude; Chiroptera; Diversidade; Levantamento; Mata Atlantica



60

Among all the mammal species that occur along every montane altitudinal gradient in southeastern
Brazil (i.e. Atlantic Forest), bats are an excellent model for analysis, because they are abundant, and all trophic
guilds are represented within the taxon. In mountain chains around the world, bat communities may present
two patterns of species richness and diversity: 1) progressive decline in species richness and diversity as the
altitude increase or 2) a peak of richness and diversity in intermediate altitudinal level. In this context, we
aimed to survey the bat species occurring in the Atlantic Forest remnants located in the Itabapoana drainage
basin (IDB) and to verify how altitude affects bat capture rates. We used mist-nets to capture bats, which
were set up at ground level, totaling 1,500 m?/ha of sampling effort for each location. The IDB has a diverse
assemblage of species (26 species), representing 44% of the bat species of Espirito Santo. Our study showed
that there is variation in bat capture rates and species richness, with a turnover of some species along the
altitudinal gradient in the IDB. Changes in habitat heterogeneity along the elevation gradient are probably
one of the strong ecological factors affecting these assemblage parameters. Furthermore, the data from this
study allows the expansion of knowledge of the bat species occurring in the region of the IDB. The diversity
of species found, together with the occurrence of rare, threatened, and data deficient species highlights the

importance of the region for conservation to understand the species distribution patterns.
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Introduction

There are about 300 species of mammals occurring
in the Atlantic Forest, of which 30% are endemic
(PAGLIA et al., 2012). Currently in Brazil there are
178 species of bats with known occurrence (Mammalia:
Chiroptera), with 113 species occurring in the Atlantic
Forest (NOGUEIRA et al., 2014). Bats play an important
role in maintaining ecological processes by participating
in pollination (SILVA; PERACCHI, 1995; MARTINS;
GRIBEL, 2007), seed dispersal (LOPEZ; VAUGHAN,
2004; SATO et al., 2008) and population control of many
insect species (AGUIAR; ANTONINI, 2008). However,
despite the high diversity of bats in the Atlantic Forest
and their ecological importance, data on the biology
and ecology of these animals remain insufficiently
known (BERNARD et al., 2011). Many Brazilian bat
studies took place in the Atlantic Forest (BERNARD
et al., 2011). The states of Rio de Janeiro and Espirito
Santo (ES) are currently listed as harboring the greatest
diversity of species in the Atlantic Forest, however, ES
still has geographical gaps (ESBERARD; BERGALLO,
2005; PERACCHI; NOGUEIRA, 2008; MENDES et
al., 2010).

The decrease of floristic and faunistic diversity
with increasing altitude is one of the most documented
biogeographic characteristics in the literature around
the globe (RAHBEK, 1997; GRYTNES, 2003;
McCAIN; GRYTNES, 2010; CARVALHO, 2015).

The Itabapoana drainage basin, located in
southeastern Brazil on the border between Espirito
Santo, Rio de Janeiro, and Minas Gerais, is known to be
a suitable area for a high species diversity (MENDES
et al., 2010). This is in part because the area has
been sub-sampled (MENDES et al., 2010) and it was
reported that the area has a high altitude variation with
different vegetation types, which occupy from coastal
plains to points that reach 2,800 m altitude (IBDF/
FBCN, 1981). Thus, considering that the Itabapoana
drainage basin was considered a priority for the
inventory of bats (MENDES et al., 2010), we aimed
to fill an existing knowledge gap, presenting here a
species composition throughout this river drainage,
and assessing the influence of an altitudinal gradient
in species capture rate.



Bats of the Itabapoana drainage basin

Material and Methods

Study area

The drainage basin of the Itabapoana (IDB) is
located in southeastern Brazil, covering the states of
Espirito Santo, Minas Gerais, and Rio de Janeiro. The
IDB estuary is located between the cities of President
Kennedy, ES and Sao Francisco do Itabapoana, RJ. The
IDB drains an area of 4,875 km?, and much of this area
is located in Espirito Santo, which drains an area of
2,955 km? (LANI et al., 2008). Samples were obtained
in 26 sampling sites along the northern portion of the
IDB, with a minimum distance of 1 km between sites.
Sampling included the municipalities of Presidente
Kennedy (21°5°55”S, 41°1°30”W, PK), with altitudes
between 14 and 34 m above sea level, Mimoso do Sul
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(21°5°9”S, 41°21’4”W, MS), with altitudes between
13 and 46 m, S3o José¢ dos Calgcados (21°0°28”S,
41°41°39”W, SIJC), with altitudes between 444 and
630 m, Guacui (20°48°14”S, 41°39°48”W, G), with
altitudes between 567 and 880 m, and Dores do Rio
Preto (20°37°25”S, 41°46°30”W, DRP), with altitudes
between 725 and 1422 m (Figure 1).

Originally the surrounding of the IDB was covered
by the Atlantic forest, of which only small fragments
remain, mainly in the higher altitude (INPE; SOS MATA
ATLANTICA, 2002). The IDB climate has a higher
occurrence of rainfall during the months of November
to February, and a drier period extending from July to
September. The average temperature in the warmer
months approaches 24°C, and in the colder months it is
roughly 18°C. Relative humidity remains close to 80%
throughout the year (FEITOZA, 1979).

FIGURE 1: Sampling sites for the survey of bat species Itabapoana drainage basin in the Espirito Santo state, Brazil.
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Data collection

All 26 sampling sites were sampled between 2010
and 2012 during the rainy season (Table 1). Bats were
captured using mist nets and between 25 to 30 bats were
captured each night. The mist nets ranged from 7x2.5
m to 12x2.5 m. They were opened during the first six
hours after sunset for five nights, totaling 30 h per site
sampled. The mist nets were set at ground level, and
were arranged to represent all environments available
in an area of up to 250 m in diameter, including streams,
fruit trees, trails and clearings located in the interior or
on the edge of forest fragments. We avoided opening
nets in the same place in consecutive days. All captures

were made during the waning moon phase. Our sampling
effort was calculated following Straube and Bianconi
(2014), by multiplying the area of each net (m?) by the
total number of nets opened each night and the total
number of working hours. We carried out a total of five
sampling nights, which resulted in a total capture effort
of 7,500 m*ha.

Captured bats were identified, measured, and
released, except for one individual of each species
by sampling night. These were deposited as voucher
specimens in the mammal collections in Ecology
and Environmental Development Macaé, Federal
University of Rio de Janeiro — Campus Macaé

TABLE 1: Characteristics of each sampling site for the survey of bat species in the Itabapoana drainage basin in Espirito
Santo, Brazil. The sampling sites are organized by sampled municipalities.

Sampling site Altitude (m) Sampling effort (m*/ha)
Dores do Rio Preto
Site 01 1350 300
Site 02 930 300
Site 03 810 300
Site 04 725 300
Site 05 1422 300
Guacui
Site 06 880 300
Site 07 750 300
Site 08 640 300
Site 09 567 300
Site 10 615 300
Mimoso do Sul
Site 11 35 300
Site 12 13 400
Site 13 20 400
Site 14 25 400
Presidente Kennedy
Site 15 30 300
Site 16 20 200
Site 17 14 200
Site 18 34 300
Site 19 25 250
Site 20 30 250
Sdo José dos Calgados
Site 21 450 300
Site 22 444 200
Site 23 600 200
Site 24 630 200
Site 25 550 300
Site 26 500 300
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(Appendix 1). The study was conducted under the
license 4726-1 SISBIO. Individuals were identified
according to Laval (1973), Vizotto and Taddei (1973),
Gregorin and Taddei (2002), and other references
(TADDETI et al., 1998; BERNARDI et al., 2007;
ARAUJO; LANGGUTH, 2010). We used Paglia et
al. (2012) for the nomenclature and taxonomic order
of the species. Captures, management and procedures
followed the guidelines of the American Society of
Mammalogists (SIKES; GANNON, 2011).

The sample sufficiency was checked from the
accumulative number of species in the number of nights
sampled using the Mao Tau method (COLWELL et
al., 2004). The calculation of the estimated richness
was obtained using two richness estimators: a first
order jackknife, which allows a reliable estimate of the
richness even in low sampling and first order Chao,
which is based on the number of individuals of rare
species.

To present the variation in individual capture rate
of different bat species along the altitudinal gradient,
we calculate the relative capture rate of each species
by altitude (RIEC — Relative Interspecific Elevational
Index, BONVICINO et al., 1997). RIEC is calculated by
the formula (nei/NEi) x 100, where nei is the number of
specimens of a species in a given altitude (i), and NEi is
the total number of species obtained at the same altitude
(i). The RIEC values calculated for the species at each
altitude are presented graphically ordering the species
based on higher values for altitude range, considering:
bats captured in areas above 1,000 m altitude, between
800 and 1,000 m, between 600 and 800 m, between 400
and 600 m, and between 100 and 400 m.

Considering all samplings, species with capture
rates greater than 10% were evaluated with respect
to the variation of RIEC values at each sampling site
(dependent variable) as a function of altitude (predictor
variable). The RIEC values of each sampling site were
transformed using an arcsine function and after verifying
for normality and homoscedasticity (respectively by
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Shapiro and Wilk test and Levene), evaluations were
made using simple regression. The RIEC values of each
species in each locality were also used to check for the
occurrence of correlations between species. Statistical
analyzes were made through the software STATISTICA
(data analysis software system) version 7.

Results

We captured 581 individuals of 26 species of
bats, with 19 species of Phyllostomidae, four species
of Vespertilionidae, two species of Molossidae and
one of Noctilionidae (Table 2). Two bat species had
higher capture rate than 10%, Sturnira lilium (26.5%)
and Carollia perspicillata (25.5%). The species C.
perspicillata showed higher percentage of capture in
most of the sampled municipalities (Guagui = 27.6%;
Mimoso do Sul = 41.1%; Presidente Kennedy = 54.5%
and Sao José do Calgado =36.4%) and S. lilium was the
dominant species in the municipality of Dores do Rio
Preto (53.8%). There was a rapid increase in captured
species at the beginning of the sample (first nine nights),
with occasional additions to the end of sampling. Thus,
for about 33% of the sampled nights, it was possible to
obtain 92.6% of the richness found in this study. Using
the species-nights rarefaction curve by Mao Tau method
tended to stabilize in 27 species. The Chao estimator first
order estimated 28 species for the area and the Jackknife
estimated 30 species (Figure 2).

It was possible to verify differences in species
capture rate between different altitudes with higher
richness in the range between 800 and 1,000 m
elevation (Figure 3). There is also a variation in the
capture rate for the species S. lilium, that was the
dominant species in areas of high altitude above
600 m, with capture rate peaking in the altitudinal
quota over 1000 m, with a gradual reduction in lower
quotas altitude (800-1,000 and 600-800 m). Carollia
perspicillata was the dominant species in the lower
altitude ranges (less than 600 m), except for the restinga
ecosystems, where Artibeus lituratus was the dominant
species caught (Figure 3).
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TABLE 2: List of species sampled with the respective number of individuals in the Itabapoana drainage basin region in the
sampled municipalities: Dores do Rio Preto (DRP), Guagui (G), Mimoso do Sul (MS), Presidente Kennedy (PK),
Sdo José dos Calgados (SJC), Espirito Santo state, Brazil. The sampling period was between 2010 and 2012.

Sampled sites

Taxon Total
DRP G SJC MS PK
Phyllostomidae
Carolliinae
Carollia perspicillata (Linnaeus, 1758) 21 29 32 39 30 151
Desmondotinae
Desmodus rotundus (E. Geoffroy, 1810) 4 10 4 4 0 22
Glossophaginae
Anoura caudifer (E. Geoffroy, 1818) 5 2 7 0 0 14
Anoura geoffroyi Gray, 1838 2 0 0 0 0 2
Glossophaga soricina (Pallas, 1766) 1 0 0 0 1
Phyllostominae
Chrotopterus auritus (Peters, 1856) 0 0 1 0 0 1
Lonchorhina aurita Tomes, 1863 0 0 12 0 0 12
Micronycteris hirsuta (Peters, 1869) 0 1 0 0 0 1
Micronycteris microtis Miller, 1898 1 0 0 0 0 1
Micronycteris minuta (Gervais, 1856) 0 1 0 0 0 1
Trachops cirrhosus (Spix, 1823) 0 0 0 6 0 6
Stenodermatinae
Artibeus fimbriatus Gray, 1838 7 7 0 0 2 16
Artibeus lituratus (Olfers, 1818) 13 14 9 5 6 47
Artibeus obscurus (Schinz, 1821) 0 0 0 1 0 1
Artibeus cinereus (Gervais, 1855) 0 2 1 1 1 5
Chiroderma doriae Thomas, 1891 0 3 0 0 0 3
Platyrrhinus lineatus (E. Geofroy, 1810) 1 1 3 0 0 5
Platyrrhinus recifinus (Thomas, 1901) 2 7 1 2 7 19
Sturnira lilium (E. Geofroy, 1810) 83 26 15 32 6 162
Noctilionidae
Noctilio leporinus (Linnaeus, 1758) 0 0 0 0 1 1
Molossidae
Molossus rufus E. Geoffroy, 1805 0 0 0 0 1 1
Molossus molossus (Pallas, 1766) 0 0 0 1 1
Vespertilionidae
Mpyotis nigricans (Schinz, 1821) 5 0 1 2 1 9
Mpyotis riparius Handley, 1960 0 1 0 0 0 1
Mpyotis ruber (E. Geoffroy, 1806) 5 1 0 0 0 6
Eptesicus brasiliensis (Desmarest, 1819) 1 0 2 0 1 4
Total 151 105 88 95 55 581
Richness 14 14 12 9 11 26
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FIGURE 2: Curves of bat species accumulation captured in Itabapoana drainage basin, Espirito Santo state, Brazil. Estimated richness
(Mao Tao) (A), richness with estimator Chao 1 (®) and richness with the estimator Jackknife 1 (). The sampling period was

between 2010 and 2012.
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We recorded a small number of species restricted
to specific altitude classes, such as: Anoura geoffroyi,
Myotis nigricans, Micronycteris microtis and Myotis
riparius, at altitudes above 800 m; Micronycteris
hirsuta, Micronycteris minuta, Chiroderma doriae and
Chrotopterus auritus, at altitudes between 400 and
800 m; Artibeus obscurus and Thrachops cirrhosus,
at altitudes up to 400 m. None of the above species

obtained RIEC more than five percent of total collections
by altitude. We found a significant relationship between
the number of captured individuals of C. perspicillata
and altitude (t = -3.02, df = 21, p < 0.01). The number
of captures of C. perspicillata was negatively correlated
with the relative captures of S. lilium (t=-3.24, N =23,
p <0.01) which showed an increasing trend as a function
of altitude (t=1.92; df = 21; p = 0.06) (Figure 4).
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FIGURE 3: Graph showing the relative capture rate of each species by altitude (RIEC) of the drainage basin of Itabapoana — Espirito
Santo state. The sampling period was between 2010 and 2012.
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FIGURE 4: Relative capture rate per sample site (RIEC — Bonvicino et al 1997) of Carollia perspicillata (o — continuous line) and
Sturnira lilium (+ — dashed line) depending on the altitude in Espirito Santo, Brazil. The sampling period was between

2010 and 2012.

1.0 1@

an = X
= = ==

Relative capture rate

0.0

0 200 400 600

Altitude (m)

800 1000 1200 1400

Discussion

The effort performed in the present study was
sufficient to sample almost 91.8% of the estimated
bats richness of the IDB. Compared to other studies in
the Brazilian Atlantic forest, richness was high (e.g,
BIANCONI et al., 2004; PEDRO et al., 2014). This
high richness seems to be related to the high-altitudinal
variation found in the sampled areas. Moreover,
Stevens (2013) pointed out that latitude and altitude
would be the main factors affecting the richness of
Atlantic Forest bat assemblages. Although our capture
effort is below that recommended by Bergallo et al.
(2003), who suggested that an effort between 750 and
1,000 captures would be able to adequately evaluate
assemblages of bats from the Atlantic Forest, we found
a high richness considering that we had 581 captures.
However, if we compared our results to studies with a
higher sampling effort, richness can be considerably
lower (ESBERARD, 2003).

We observed that the richness along the altitudinal
gradient decreases markedly after 1,000 m. Carvalho
(2015) observed similar results for phyllostomid bats in
the Atlantic Forest, with higher hematophagous abundance
and lower abundance of frugivores. This lower abundance
and richness of bats is also observed in other biomes, such
as the east of the Andes (McCAIN; GRYTNES, 2010;
CISNEROS et al., 2014). This pattern in the Atlantic
Forest and other locations it is because these higher
altitude locations present extreme environmental features
(e.g. the slopes receive higher amount of rainfall, and the
elevational profile begins at low altitudes and there is no
plateau at altitudes between 1,000 and 2,000 m). Graham
et al. (2014) argued that the variation in richness and
diversity along an altitudinal gradient is strongly linked
to the natural history and environmental characteristics of
each chain of mountains, and for bats, a pattern of decline
in richness is observed with higher altitudes, showing a
richness peak at mid-altitudes (McCAIN; GRYTNES,
2010; CARVALHO, 2015).
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The richness recorded in the present study
represents 14.6% of the 178 species of bats registered
for Brazil (NOGUEIRA et al., 2014), 23% of those
recorded for the Atlantic Forest (PAGLIA et al.,
2012), and 44% of those recorded for Espirito Santo
(PERACCHI et al., 2011). The predominance of
phyllostomid bats is probably due to the capture
method used, since the use of mist nets at ground level
favors higher capture rates of this family, particularly
fruit bats (STPINSKI; REIS, 1995; PEDRO; TADDEI,
1997; KALKO, 1998; PORTFORS et al., 2000). In
addition, this study confirms the record for two species
in Espirito Santo, Micronycteris microtis (PERACCHI
et al., 2011) and Chiroderma doriae (SCABELLO
et al., 2009), and expands the distribution of Myotis
riparius to another vegetation type, and municipality
(Guagui).

In this study, the records of Myotis ruber occurred
mostly in the municipality of Dores do Rio Preto
(N =5) above 850 m, and we recorded one individual
in the municipality of Guagui at 650 m. According to
Weber et al. (2010), most records of this species come
from Atlantic Forest sites at high altitudes. However, the
same authors concluded that a combination of marked
seasonality in temperature and high precipitation of a
period of the year, and not altitude, are important factors
influencing the occurrence of this species.

The dominance of Carollia perspicillata and
Artibeus lituratus is commonly found in bat surveys in
the Atlantic Forest (ESBERARD, 2003; FARIA, 2006;
DIAS; PERACCHI, 2008; VIEIRA et al., 2010), and in
this study C. perspicillata obtained dominance in most
sampled municipalities and altitudes lower than 600 m.
The dominance of Sturnira lilium at altitudes higher than
600 m corroborates other studies that have also worked
in high altitudes of the Atlantic Forest (FALCAO et al.,
2003; NOBRE et al., 2009; LUZ et al., 2013). A study
by Nobre et al. (2009) suggests that the high diversity of
Solanaceae plants influences the dominance of S. /ilium,
given that this species presents a feeding preference for
fruits of this family (MULLER; REIS, 1992; PASSOS
et al., 2003). However, in a study by Mello et al.
(2008) evaluating the availability of Solanaceae fruits
and temperature of the air, it was found that the air

temperature has greater influence on the distribution of
this species in high altitude regions.

Our study showed that there is a variation in bat
capture rates and species richness, with a turnover
of some species along the altitudinal gradient in the
region of Itabapoana drainage basin. Changes in habitat
heterogeneity along the elevation gradient are probably
one of the strong ecological factors affecting these
assemblage parameters. Furthermore, the data from
this study allows the expansion of knowledge of the bat
species occurring in the region of the IDB. The diversity
of species found, together with the occurrence of rare,
threatened, and data deficient species highlights the
importance of the region for conservation to understand
the species distribution patterns.
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Appendix 1

Bats in the region of Itabapoana drainage basin deposited in the Mammal Collection of
the Federal University of Rio de Janeiro, Campus Macaé (NPM).

Anoura caudifer (NPM 187, 200, 213), Anoura
geoffroyi (NPM 212), Artibeus fimbriatus (NPM 183,
196, 198, 202, 209, 214, 215), Artibeus lituratus
(NPM 182, 197, 207, 1376), Artibeus obscurus (NPM
1381), Artibeus cinereus (NPM 180, 1384, 1449),
Carollia perspicillata (NPM 181, 188, 190, 1382),
Chiroderma doriae (NPM 1450), Chrotopterus auritus
(NPM 198), Desmodus rotundus (NPM 178, 1386),
Epitesicus brasiliensis NPM 1374, 1453), Glossophaga
soricina (NPM 167), Lonchorhina aurita (NPM 345,
353), Micronycteris hirsuta (NPM 50), Micronycteris

microtis (NPM 1454), Micronycteris minuta (NPM
189), Molossus molossus (NPM 1209), Molossus rufus
(NPM 98, 92), Myotis nigricans (NPM 185, 199, 216,
217, 1375, 1383, 1387, 1451), Myotis riparius (NPM
1448), Myotis ruber (NPM 201, 218, 219, 1452),
Noctilio leporinus (NPM 1289), Platyrrhinus lineatus
(NPM 195, 1455), Platyrrhinus recifinus (NPM 184,
186, 194,208, 2011, 1377, 1378, 1379, 1380), Sturnira
lilium (NPM 179, 203, 205, 1388), Trachops cirrhosus
(NPM 193, 1385).
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