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Abstract. Data on community parameters of leaf-litter frogs are currently limited for most remnants within
the Atlantic Rainforest Biome. In this study, we present data on the assemblage of leaf-litter frogs from
Reserva Rio das Pedras (RERP), an Atlantic Forest remnant of the state of Rio de Janeiro, Brazil. Sampling
was carried out during August 2005 at altitudes between 20 and 750 m a.s.1. We found six anuran species on
the leaf-litter: Brachycephalus didactylus, Ischnocnema parva, Ischnocnema guentheri, Haddadus binotatus, Zachaenus
parvulus and Adenomera marmorata, all endemic to the Atlantic Rainforest biome. The estimated overall frog
density of the local leaf-litter frog assemblage was higher (10.1 frogs/100 m?) than those reported for most
other areas of southeast Brazil. Ischnocnema parva (4.0 individuals/100 m?) and Haddadus binotatus (3.5
individuals /100 m?) had the highest densities in the area. H. binotatus (1413.1 g/ha) had the highest
estimated mass per hectare, whereas B. didactylus had the lowest (8.4 g/ha). Both density and richness were
lower at the lowermost site, which probably reflects the differences in habitat quality: at altitudes below 200
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m the forest is sparser, whereas at higher altitudes it is denser and less disturbed.
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Introduction

The loss of forests around the world is continu-
ously and worryingly increasing (Brooks et al.
2006). The remnants of the Brazilian Atlantic rain-
forest (one of the world’s biodiversity hotspots -
Myers et al. 2000), which cover around 11% of its
original area, support one of the highest levels of
biological diversity and number of endemic spe-
cies on the planet (Morellato & Haddad 2000, Ro-
cha et al. 2003, Ribeiro et al. 2009, Jenkins et al.
2010). Some Atlantic rainforest remnants have
special relevance not only due to their size and
biological diversity, but also because of their stra-
tegic potential to link other remnants thus allow-
ing a more effective conservation of the fauna and
flora. This is the case of the Reserva Rio das
Pedras, which is located between two of the larg-

est forest remnants in the state of Rio de Janeiro
(the Serra da Bocaina to the west and the Serra dos
Orgaos to the east), being presently included in
the Parque Estadual do Cunhambebe. Therefore, it
potentially links the forests from the southwestern
part of the state with those located in its central
region (Rocha et al. 2003).

Current knowledge regarding the biodiversity
of Reserva Rio das Pedras is represented by spe-
cies lists of amphibians (Carvalho-e-Silva et al.
2008) and non-volant mammals (Pessda et al.
2009). Carvalho-e-Silva et al. (2008) presented a
checklist of the anuran species of the Reserve, em-
phasizing their association with specific habitats
such as temporary ponds, bamboo thickets, bro-
meliads, tree canopy, wet rock surfaces, streams
and leaf-litter. For the leaf-litter habitat in particu-
lar, Carvalho-e-Silva et al. (2008) listed the occur-
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rence of six anuran species: Brachycephalus didacty-
lus, B. ephippium, Haddadus binotatus, Ischnocnema
guentheri, I. parva and Adenomera marmorata.

Data on community parameters of leaf-litter
frogs (including estimated frog density and bio-
mass per area) are currently limited for most forest
remnants within the Atlantic Rainforest Biome,
and published data are available for only seven
areas, all in southeastern Brazil (Giaretta et al.
1997, 1999, Rocha et al. 2000, 2001, 2007, Van Sluys
et al. 2007, Almeida-Gomes et al. 2008, 2010,
Siqueira et al. 2009, Rocha et al. 2011). Because
these organisms constitute important components
of leaf-litter communities in tropical forests (e.g.
Fauth et al. 1989, Allmon 1991, Vitt & Caldwell
1994) and are threatened by habitat fragmentation
(Stuart et al. 2008), the shortage of data may hin-
der the development of conservation actions.

Here we present data on the assemblage of
leaf-litter frogs at the Reserva Rio das Pedras, a
rainforest area in southeastern Brazil, including
species composition and richness, relative abun-
dance, body size of individual species, and esti-
mates of frog densities and biomass per hectare.

Materials and Methods

The study was carried out at the Reserva Rio das Pedras
(hereafter RERP - 22° 59" S, 44° 06" W), a private reserve in
the municipality of Mangaratiba, in the southwestern part
of Rio de Janeiro State, Brazil. The reserve is crossed by
the Grande and Borboleta rivers and their tributaries. It
encompasses an area of ca. 1360 ha, with an altitudinal
range from 20 to 1150 m a.sl. (Mynssen & Windisch
2004). Mean annual temperature is ca. 22°C and mean an-
nual rainfall is ca. 1900 mm; precipitation is most intense
in the period between December and February (Mynssen
& Windisch 2004, Carvalho-e-Silva et al. 2008). The pre-
dominant vegetation type in the study area is Evergreen
Dense Forest (Radambrasil 1983), with trees ranging up to
about 40 m in height and 45 cm DBH (diameter at breast
height) (Mynssen & Windisch 2004).

Sampling was carried out during August 2005 at alti-
tudes between 20 and 750 m a.s.], using three sampling
methods: plot sampling (Jaeger & Inger 1994), visual en-
counter surveys (Crump & Scott 1994), and pitfall traps
with drift fences (Corn 1994).

For plot sampling, we set 30 quadrats of 5 x 5m on
the forest floor, totaling 750 m?2 of forest floor sampled.
Each quadrat was delimited by a flexible plastic fence ca.
50 cm high with corners fixed with wooden stakes and
bottom pinned to the ground with stones and branches to
prevent frogs from escaping. After sunset, five searchers
using head lamps moved within each plot on hands and
knees, side-by-side, carefully searching for frogs (usually
with the aid of hand rakes) for about 30 minutes.
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For the visual encounter surveys (hereafter VES),
searchers walked along random transects at a slow walk-
ing pace, looking for frogs in all potentially available mi-
crohabitats. Surveys were carried out during the diurnal,
crepuscular, and nocturnal periods, totaling 75 hours of
sampling effort (25 hours per period).

We also established three pitfall trap systems that
consisted of ten 30-liter buckets buried in the ground,
each set at ca. 5 m apart from the next, with soft plastic
drift fences about 50 cm high extended between them.
Six of the buckets were set in line and the remaining four
were placed at opposite ends of the fence (two at each
side), perpendicularly to the main axis. Pitfalls remained
open for a total of 16 days and were checked daily, al-
ways in the morning.

All frogs found by the three methodologies were col-
lected and identified. Furthermore, individuals found
during casual encounters (i.e. not using any methodol-
ogy) were also collected, but those were included only for
the calculation of mean values for snout-vent length
(SVL) and body mass per species. After preservation in
10% formaline (and later in 70% alcohol), all frogs col-
lected during the study had their snout-vent length (SVL,
in mm) measured with digital calipers and their pre-
served body mass (in grams) taken with an electronic bal-
ance (precision of 0.001g). For estimates of density (ex-
pressed as frogs/100 m2) we considered only data ob-
tained during plot sampling. We estimated density and
overall mass of leaf-litter frogs per hectare (g/ha) for the
whole sampled area of the RERP by dividing the total
number and the pooled body mass of frogs found in the
plots by the total area sampled. Individuals that were
seen but eventually escaped collection during plot sam-
pling were also considered for the estimates of frog den-
sity and (when the species could be determined) overall
mass per hectare; in the latter case, mass of the uncol-
lected frog was established as the mean mass for its spe-
cies calculated based on all individuals collected during
the study (regardless of methodology). Additionally, con-
sidering that our sampling spanned an altitudinal range
of about 700 m, we also obtained estimates of density (in
frogs/100 m?) separately for three altitudinal ranges in
which the plot samplings were performed: 50-100 m; 350-
500m and 700-750m a.s.1.

Results

We found six frog species associated to the leaf-
litter habitat at the RERP (Table 1): Brachycephalus
didactylus (Izeckshon 1971), Ischnocnema parva (Gi-
rard 1853), Ischnocnema guentheri (Steindachner
1864) (Brachycephalidae), Haddadus binotatus (SPIX
1824) (Craugastoridae), Zachaenus parvulus (Girard
1853) (Cycloramphidae), and Adenomera marmorata
Steindachner 1867 (Leptodactylidae).

We recorded five species during VES sam-
pling (Table 1), of which Ischnocnema parva (N =
17, or 42.5% of individuals found) and Haddadus
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Table 1 - Number of frogs found by the three sampling methods at the Reserva Rio das Pedras (RERP), Manga-
ratiba Municipality, Rio de Janeiro State, southeastern Brazil. Mean values (+ one standard deviation) of snout-
vent length (SVL, in mm) and body mass (in grams) are given for each species (sample sizes in parentheses).
Overall mass (g/ha) and density (frogs/100m?) estimated for each species are based on data from plot sampling.

VES = visual encounter surveys.

Species Plots VES Pitfalls  SVL(N)  Body mass (N) OVZ‘}I;;‘*’SS (ingjrl‘;gymz)
BRACHYCEPHALIDAE

Brachycephalus didactylus 9 2 8.2+1.3(10) 0.07 +0.03 (10) 8.4 1.2
Ischnocnema guentheri 2 5 253+104 (7) 26+24(7) 715 0.3
Ischnocnema parva 30 17 1 16.2+2.9 (55) 0.6 + 0.4 (55) 190.8 4.0
CRAUGASTORIDAE

Haddadus binotatus 26 14 320+133 (41) 4.6+53 (41) 1413.1 3.5
CYCLORAMPHIDAE

Zachaenus parvulus 4 243+28(4) 25+09(@4) 131.9 0.5
LEPTODACTYLIDAE

Adenomera marmorata 5 2 199+£31(7) 08+03(7) 41.1 0.7
Total 76 40 1 1856.7 10.1

Table 2 - Number (N) and corresponding density
(ind/100 m?2) of frogs of each species sampled at the
three altitudinal ranges (50-100m, 350-500m and 700-
750m a.s.l.) in the Reserva Rio das Pedras (RERP), Man-
garatiba Municipality, Rio de Janeiro State, southeastern
Brazil.

Altitude

(No. plots / Frog Species (N) (inlc?;rll(sJ:)t}r]nz)
sampled area)

50-100 m  Haddadus binotatus (3) 2.0
(6 / 150 m2) Adenomera marmorata (1) 0.7
Brachycephalus didactylus (2) 0.7
350-500 m Haddadus binotatus (17) 5.7
(12 / 300m2) Ischnochnema parva (19) 6.3
Adenomera marmorata (3) 1.0
Zachaenus parvulus (3) 1.0
Brachycephalus didactylus (7) 2.3
Haddadus binotatus (6) 2.0
700-750 m  Ischnochnema guentheri (2) 0.7
(12 / 300m2) Ischnochnema parva (11) 3.7
Adenomera marmorata (1) 0.3
Zachaenus parvulus (1) 0.3

binotatus (N = 14, or 35%) were the most fre-
quently recorded. Most of the individuals were
found during the nocturnal (N = 21, or 52.5% of
the total) and crepuscular (N = 16, or 40%) sam-
plings.

We recorded 76 individuals by plot sampling
(Table 1), which gives an estimated overall density
of 10.1 frogs/100 m2. The number of frogs per plot
ranged from zero (5/30 or 16.7% of all plots) to ten
(1/30 or 3.3%) with a mean of 2.5 + 2.2 frogs per
plot. Considering each species individually,
Ischnocnema parva had the highest density (4.0 in-
dividuals/100 m?) and comprised 39.5% of all
frogs found in plots, followed by Haddadus bino-

tatus (3.5 individuals /100 m?2) which corre-
sponded to 34.2% of the frogs found in plots.

Only one frog (an individual of I. parva) was
captured in the pitfall traps (Table 1). Considering
the combined methods, the most abundant species
in the community were Ischnocnema parva and
Haddadus binotatus which, together, comprised
75% of all frogs found in the study (Table 1).

The species with the highest estimated mass
per hectare at the RERP was H. binotatus (1413.1
g/ha), whereas B. didactylus had the lowest (8.2
g/ha) (Table 1). The overall leaf-litter frog mass
(pooled species) per hectare was 1856.7 g/ha (Ta-
ble 1).

We found evidences of altitudinal variation in
composition and density of leaf-litter frogs at the
RERP. At lower elevations (50-100 m) we found
only two frog species (A. marmorata and H. bino-
tatus) and these were the only species occurring at
all the three altitudinal ranges sampled (Table 2).
The number of species found increased to five at
350-500 m and to six at 700-750 m (Table 2).
Ischnocnema parva was the most abundant species
occurring both at the 350-500m and 700-750m alti-
tudinal belts (Table 2).

Discussion

All six species recorded in our study are endemic
to the Atlantic Rainforest biome (Rocha et al. 2004,
Frost 2010). The list of frog species associated with
the leaf-litter habitat at the RERP recorded in our
study was very similar to that of Carvalho-e-Silva
et al. (2008), except that we did not record Brachy-
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cephalus ephippium, but recorded Zachaenus parvu-
Ius. Our results thus indicate that our sampling ef-
fort for that short-term survey was adequate to
represent the local leaf-litter frog assemblage.

Most species of frogs at the RERP were sam-
pled with VES (five species) and plot (six species)
methodologies. One species (Z. parvulus) was
sampled only in plots and only one species (I.
parva) was recorded using pitfall traps (with only
one individual collected). This illustrates the im-
portance of combining methodologies and, at the
same time, the shortcomings of using pitfall traps
for short-term inventories (e.g. Cechin & Martins
2000, Almeida-Gomes et al. 2008).

Most of the frogs sampled with the VES
method were captured during the crepuscular and
nocturnal periods (92.5% of individuals). Higher
capture rates during these periods (compared to
the daylight period) have been previously re-
ported in studies with anuran assemblages from
tropical forest areas in southeast Asia (Inger 1980)
and the Neotropics (Rocha et al. 2000, 2007,
Almeida-Gomes et al. 2008, 2010, Menin et al.
2008, Siqueira et al. 2009), indicating that anuran
surveys should be preferentially carried out dur-
ing and after sunset in order to maximize sam-
pling efficiency.

The estimated overall frog density of the local
leaf-litter frog assemblage was higher (10.1
frogs/100 m?) than those reported for most other
areas of southeast Brazil (based on surveys that
employed similar-sized plots): the Serra do Japi
(1.4 ind/100m?, altitudes 850-1000 m a.s.l.; Giaretta
et al. 1997) and the Parque Florestal do Itapetinga
(4.6 ind/100m?, altitudes 900-1250 m a.s.l.; Giaretta
et al. 1999) in the state of Sao Paulo, and Ilha
Grande (5.9 ind/100m?, altitudes 220-230 m a.s.l;
Rocha et al. 2001), Reserva Ecolégica de Guapiagu
(8.4 ind/100m?, altitudes 100-400 m a.s.l.; Rocha et
al. 2007), Morro Sao Jodo (4.5 ind/100m?, altitudes
0-320m a.s.l; Almeida-Gomes et al. 2008), and
Monte Verde (3.1 ind/100m?, altitudes 100-650m
a.s.l; Almeida-Gomes et al. 2010) in the state of
Rio de Janeiro. The only exception was a site
within the Parque Estadual dos Trés Picos (alti-
tudes 500-800 m a.s.l.) in Rio de Janeiro State, for
which the estimated density of leaf-litter frogs
(17.1 ind/100m?) was the highest one yet reported
for Atlantic Rainforest areas (Siqueira et al. 2009).
However, the estimated leaf-litter frog biomass at
the RERP (1856.7 g/ha) was greater than those of
other Atlantic Forest sites surveyed so far (476.6-
1150 g/ha; Giaretta et al. 1999, Rocha et al. 2001,
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Siqueira et al. 2009). Haddadus binotatus comprised
most of the frog biomass in the local leaf-litter
community, due to their relatively large size and
high abundance.

According to Scott (1976), species richness of
tropical leaf-litter amphibians and reptiles tends to
decrease with altitude, whereas overall density
tends to increase (but see Fauth et al. 1989). Re-
garding the Atlantic Rainforest herpetofauna, par-
ticularly amphibians, little has been published
about altitudinal variation in community parame-
ters. Giaretta et al. (1997) compared two sites (at
altitudes of 850 m and 1000 m a.s.1.) at the Serra do
Japi, Sao Paulo State, and found higher litter frog
densities at the higher elevation site. In another
area, also in Sdo Paulo State, Giaretta et al. (1999)
compared three sites spanning an altitudinal range
of only 350 m (with an altitudinal difference of 100
m or less among sites), but still found a much
higher frog density at the uppermost site (located
at 1200-1250 m a.s.l.). In neither of the two afore-
mentioned studies was a decrease in species rich-
ness at higher altitudes observed. Results of two
other studies carried out in two areas located only
ca. 15 km apart and on the same mountain range
(the Serra dos Orgéos, in Rio de Janeiro State), but
at different altitudes (100-400 m a.s.l.- Rocha et al.
2007; 500-800 m a.s.l.- Siqueira et al. 2009) also
evidence a similar trend: estimated frog density
for the 500-800 m a.s.l. site was twice as high as for
the 100-400 m a.s.l. site, though species richness
was just slightly higher at the former. In the pre-
sent study, we found both density and richness to
be much lower at the lowermost site. This proba-
bly reflects the differences in habitat quality: at al-
titudes below 200 m at the RERP the forest is
sparser, whereas at higher altitudes it is denser
and less disturbed (Carvalho-e-Silva et al. 2008;
pers. obs.). More studies are needed (including
surveys at broader altitudinal gradients) to verify
if the patterns of altitudinal variation in Atlantic
Forest frog assemblages agree with Scott’s (1976)
hypothesis.
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