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Abstract: We provide an inventory checklist of the amphibians from Parque Nacional da Restinga de Jurubatiba
(PNRYJ), a sandy coastal environment in southeastern Brazil. As a result of three years of surveys, from August
2013 to June 2016, a total of 36 amphibians species were recorded — one Gymnophiona (Typhlonectidae) and 35
species of five anuran families: Bufonidae (2 species), Craugastoridae (1), Hylidae (21), Leptodactylidae (8), and
Microhylidae (3). One specie is reported for the first time for the restinga ecosystem (Chthonerpeton braestrupi) and
24 species were recorded for the first time to the PNRJ. This result reinforces the importance of long-term studies
for accurate knowledge of the biodiversity. Considering that the biodiversity of the fragments of the sandy coastal
environments in the state of Rio de Janeiro is poorly known, the present study provided a more detailed knowledge
about different aspects of the biodiversity in the PNRJ, contributing to the preservation of this threatened ecosystem.
Keywords: Herpetology, Anura, Inventory, Species Richness, Rio de Janeiro, Conservation.

Anfibios do Parque Nacional da Restinga de Jurubatiba, um ambiente costeiro no
sudeste do Brasil

Resumo: Nos fornecemos um inventario dos anfibios do Parque Nacional da Restinga de Jurubatiba (PNRJ), uma
zona costeira de ambiente arenoso no sudeste do Brasil. Como resultado de trés anos de pesquisas, no periodo
de Agosto de 2013 a Junho de 2016, foram registradas um total de 36 espécies de anfibios — uma Gymnophiona
(Typhlonectidae) e 35 espécies de cinco familias de anuros: Bufonidae (2 espécies), Craugastoridae (1), Hylidae
(21), Leptodactylidae (8) e Microhylidae (3). Uma espécie ¢ registrada pela primeira vez para o ecossistema de
restinga (Chthonerpeton braestrupi) e 24 espécies foram registradas pela primeira vez para o PNRJ. Este resultado
reforca a importancia de estudos de longo prazo para um conhecimento preciso da biodiversidade. Considerando
que a biodiversidade dos fragmentos dos ambientes costeiros no estado do Rio de Janeiro é pouco conhecida, o
presente estudo proporcionou um conhecimento mais detalhado sobre os diferentes aspectos da biodiversidade no
PNRJ, contribuindo para a preservagdo desse ecossistema ameagado.

Palavras-chave: Herpetologia, Anura, Inventario, Riqueza de Espécies, Rio de Janeiro, Conservagdo.
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Introduction

Brazil has the greatest amphibian richness in the world, with about
1080 species distributed in 25 families (Segalla et al. 2016; Frost,
2018). The morphoclimatic domain of the Atlantic Forest is known as
a conservation hotspot due to its high concentration and maintenance
of biodiversity (Myers et al. 2000), comprising about 540 species, of
which 88% are endemic to this ecosystem (Haddad et al. 2013). This
remarkable richness is related to the diversity of microenvironments
found in the biome, which possibly contributes to the evolution of
various reproductive modes and speciation events (Haddad & Prado
2005; Vasconcelos et al. 2010).

Originally, the Atlantic Forest extended over nearly the entire
coastline of Brazil, displaying different vegetation landscapes
throughout its distribution (Falkenberg 1999). One of the habitats
observed in this biome are the restingas, dating from the Quaternary,
and whose seasonal dynamic and morpho-physiological composition is
mostly shared with other ecosystems, such as Tabuleiros and Caatingas
(Freire 1990). Restingas extend over about 79% of the coast (Lacerda
etal. 1993), being one of the most extensive ecosystems in Brazil and
having multiple fragmented areas along its distribution (Teixeira et
al. 2002). The flora is adapted to withstand extreme environmental
conditions, such as sandy substrate with high salt concentration,
high exposure to sunlight and low water potential (Henriques et al.
1986; Assumpcao & Nascimento 2000; Scarano 2002). Bromeliads
are very common and widely distributed in this environment
(Cogliatti-Carvalho et al. 2001), being an essential element especially
for amphibians (Teixeira et al. 2002). They provide a significant
amount of rainwater in their central tube, serving as sites for foraging,
breeding and protection against possible predators (Peixoto 1995;
Schineider & Teixeira 2001).

Despite the great extension of the Brazilian coastline, the coastal
ecosystems are the most anthropically impacted (directly and
indirectly), mostly due to the unequal and unrestrained occupation of
the country initiated in the 16th century, from the sea towards inner
lands (Dean 1997; Tabarelli et al. 2010). In addition to the loss of natural
habitats, another issue concerning the conservation of amphibians
in the Atlantic Forest is that recent studies estimate the decline of
populations in the coming years, largely due to global climatic changes
and the contamination by the fungus Batrachochytrium dendrobatidis
(Fisher et al. 2012; Loyola et al. 2014; Jenkinson et al. 2016). Some
studies related to amphibians assemblage in restingas have been
carried out in the last years in order to provide a more detailed
inventory of their composition (e.g. Bastazini et al. 2007; Rocha et
al. 2008; Narvaes et al. 2009, Wachlevski & Rocha 2010; Vilela et al.
2011; Telles et al. 2012; Oliveira & Rocha 2015; Gondim-Silva et al.
2016; Oliveira et al. 2017).

The Parque Nacional da Restinga de Jurubatiba (PNRJ) was created
on April 29, 1998 with the main purpose of protecting and preserving
one of the most threatened ecosystems of the country since the colonial
period (Esteves & Lacerda 2000). Currently, despite being a federal
conservation unit, the PNRIJ is still under strong anthropic pressure
(Rocha et al. 2007). The taxocenosis of amphibians from the PNRJ
was previously studied by Van Sluys et al. (2004). Herein we provide
an updated checklist of amphibians for the PNRJ.
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Material and Methods

1. Study site

The present study was carried out in the Parque Nacional da
Restinga de Jurubatiba (22° 16’ S, 41° 39’ W) located on northern state
of Rio de Janeiro, southeastern Brazil (Fig. 1). It is one of the largest
remnants of restinga in Brazil with 14,992 hectares, extending through
the municipalities of Macaé, Carapebus, and Quissama. It is the only
fragment of restinga in the country to be titled as national park (Brasil
2016). As in most of the restingas found in Brazil, the vegetation is
composed of a mosaic of forested and open areas.

The study was carried out in the municipality of Carapebus, in three
distinct zones of the PNRIJ. These zones were selected and classified
based on phytophysiognomic characteristics as follow: Clusia spp. open
formation; dry forest of restinga; and an intermediate zone between these
two formations (Fig. 2). The Clusia spp. open formation is closer to
seashore and was defined by Aratijo et al. (1998) as “shrub vegetation of
Clusia” (SVC). It was characterized as having more sparse vegetation,
separated by strips of bare sand, with high solar incidence and low
potential of fresh water. The zone here classified as an intermediate area
also had its physiognomy defined by Aratjo et al. (1998), who called
it “open shrub of Ericaceae” (OSE). This region shows fragments of
irregular vegetation varying from shrubs to trees. It is located between
the Clusia spp. open formation and the dry forest of restinga. The
third zone, dry forest of restinga (DFR), corresponds to an area with
vegetation more densely distributed. In this area, one can find large trees
and a large ammount of decomposing plant material, forming a dense
litter. The availability of water is larger compared to the other zones,
with temporary swamps and periodically flooded areas (pers. obs).

2. Field methods and data analyses

Fieldwork consisted of quarterly surveys over three years, from
August 2013 to June 2016, in a total of 12 surveys lasting seven days
each. We applied two methods for sampling amphibians: pitfall traps
(according to the standard procedures of Cechin & Martins 2000) and
Complete Species Inventory (sensu Scott Jr. 2001). These methods were
chosen as they are the most effective for accessing anuran taxocenosis
in restingas (Rocha et al. 2004a). Twenty one pitfall traps arrays were
used, each one with four 60 L buckets. Seven arrays were placed
in each of the three zones previously determined (Fig. 1). Nineteen
pitfall arrays were Y-shaped (one central bucket linked to other three
peripherals forming angles of approximately 120°), and two pitfall
arrays were linked in one straight line with eight buckets. Buckets of
each pitfall array were connected by 4-5 m long and 0.5-1m high drift
fences. Each pitfall array was sampled once along the consecutive days
of each survey, corresponding to a total sample effort of 7,056 bucket
nights. Regarding the Complete Species Inventory, eight sampling areas
were selected and sampled in all surveys (Periodically sampled areas).
Two of these correspond to areas of “dry forest of restinga”, four are
located in “Clusia spp. open formations”, and two in areas of “open
shrub of Ericaceae” (Fig. 1). We occasionally performed Complete
Species Inventory on another twenty-six areas (extra sample areas) in
order to maximize sampling (Fig. 1). Everyday nocturnal Complete
Species Inventory was performed by three to five researchers, during two
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Figure 1. Localization of Parque Nacional da Restinga de Jurubatiba (PNRJ) in the state of Rio de Janeiro, southeastern Brazil. Sampling areas are indicated
by: White circles = Pitfall traps; Red circles = Periodically sampled areas of Complete Species Inventory; Yellow circles = Extra sample areas, occasionaly

sampled by Complete Species Inventory.

hours per night, resulting in a total effort of 722 hours person. Voucher
specimens were killed and fixed according to the usual techniques
described by McDiarmid (1994) and deposited in the amphibians
collection of Museu Nacional, Universidade Federal do Rio de Janeiro
(MNRJ). We also gathered data from specimens previously collected
within the PNRJ and deposited in the herpetological collection of MNRJ.
All voucher specimens (collected by us or already deposited at MNRJ)
are listed in Appendix.

http://dx.doi.org/10.1590/1676-0611-BN-2019-0727

Species richness was estimated by the extrapolation of the
accumulation curve through the Jackknife 1 estimator (Burnham &
Overton, 1979) for incidence data, in the software EstimateS Win
9.1.0 (Colwell 2013). Only species recorded during the surveys of the
present study were included in the Jackknife 1. Third-party records
(Itapotihyla langsdorffii [Duméril & Bibron, 1841]), species collected
close to the limits of the park (Physalaemus marmoratus [Reinhardt &
Lutken, 1862]) or data from herpetological collections (Chthonerpeton
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Figure 2. Sampled areas in the Parque Nacional da Restinga de Jurubatiba, state of Rio de Janeiro, southeastern Brazil: A = Shrub Vegetation of Clusia

(SVC); B = Open Shrub of Ericaceae (OSE); C = Dry forest of resting (DFR).

braestrupi Taylor, 1968; Dendropsophus meridianus [Lutz, 1954]) were
included in the species list, but were not included in the accumulation
curve. Jackknife 1 was used since this analysis takes into account the
number of uniques (samples with the only record of a species in the
area). The estimated species richness was compared to the total recorded
species richness, in order to check the accuracy of the richness estimator
and to predict the effort necessary to achieve a richness value much
closer to the “real” species richness.

Results

We recorded a total of 36 amphibian species occurring in the PNRJ
area (Table 1): one Gymnophiona (Typhlonectidae) and 35 species
of five anuran families: Bufonidae (2 species), Craugastoridae (1),
Hylidae (21), Leptodactylidae (8) and Microhylidae (3). The Complete
Species Inventory was the most effective survey method, recording 29
from the 36 species found in PNRJ, 21 of them recorded only by this
method (Table 1).

One taxa is reported for the first time in the restinga ecosystem:
Chthonerpeton braestrupi Taylor, 1968. Moreover, 24 species were
recorded for the first time to the PNRJ area. Some of the recorded species
present a well-defined distribution pattern within the decribed sampling
areas: 25 species were recorded in the phytophysiognomic zone
characterized as Shrub Vegetation of Clusia (SVC); 21 were recorded in
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the Open Shrub of Ericaceae (OSE); and 28 in the Dry Forest Restinga
(DFR). Two species (Scinax alter [Lutz, 1973] and S. tymbamirim
Nunes, Kwet & Pombal, 2012) were recorded in all the study sites.
However, species as Dendropsophus berthalutzae (Bokermamn, 1962),
Dendropsophus cf. haddadi, Stereocyclops parkeri (Wettstein, 1934),
Adenomera thomei (Almeida & Angulo, 2006), and Chiasmocleis
lacrimae Peloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 2014
were found only in phytophysiognomic zone characterized as Dry Forest
Restinga. C. lacrimae, S. parkeri and Physalaemus signifer (Girard,
1853) were recorded only by pitfall traps.

The steep slope in the rarefaction curve occurred until the
seventeenth day of sampling, when 29 species were recorded in the
PNRIJ area. From this day onwards, the rarefaction curve indicated a
high tendency to stabilize, with only five new records until the end of
the sampling. The species richness was estimated at 34.97 (Jacknife
1), a value quite close to the actual number of species registered to
PNRIJ (Fig. 3).

Discussion

Previous studies on amphibian composition in restinga habitats were
carried out by Silva et al. (1988) in the Restinga da Barra de Marica,
state of Rio de Janeiro. Since then, the number of studies concerning
restinga habitats increased significantly. Oliveira & Rocha (2015)
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Number of species
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Figure 3. Extrapolation of the accumulation curve through the Jackknife 1 from

1000 randomizations on the order of samplings (grey line) and accumulation

curve (black line) for amphibiam species at the Parque Nacional da Restinga de
Jurubatiba, state of Rio de Janeiro, southeastern Brazil.

published a review on the anurofauna of the Brazilian sandy coastal
plains, recording the occurrence of 145 species at this ecosystem. The
36 species registered for the PNRJ in the present study correspond to
24.8% of all the amphibian richness found in the ecosystem comprising
restingas (Oliveira & Rocha 2015), standing out as the restinga
environment with the highest amphibian species richness recorded.
Some other areas of restinga with studied amphibian communities
are: Mata de Sdo Jodo, in the state of Bahia, with 34 recorded species
(Bastazini et al. 2007); restinga of the municipality of Conde, in the
state of Bahia, with 33 species (Gondim-Silva et al. 2016); Parque
Natural Municipal de Grumari, in the state of Rio de Janeiro, with 22
species (Telles et al. 2012); Estagdo Ecoldgica Juréia-Itatins, in the state
of Sado Paulo, with 20 species (Narvaes et al. 2009); Parque Estadual
da Ilha do Cardoso, in the state of Sdo Paulo, with 17 species (Vilela
etal. 2011); Baixada do Maciambu, in the state of Santa Catarina, with
15 species (Wachlevski & Rocha 2010); Restinga da Barra de Marica,
state of Rio de Janeiro, with 14 recorded species (Silva et al. 1988);
Praia das Neves, in the state of Espirito Santo, with 13 species (Rocha
et al. 2008), and Marambaia, in the state of Rio de Janeiro, with 12
species (Silva et al. 2008).

Although PNRIJ is the Restinga with the second most studied
anuran community (Oliveira & Rocha, 2015), the present study
registered 24 species not recorded to the region (Table 1). This result
reinforces the importance of long-term studies for accurate knowledge
of the biodiversity. The family Hylidae is the most representative,
corresponding to 60% of the total anuran species recorded for the PNRJ
(21 of 35). The greater representativeness of this family reinforces the
pattern found in all ecosystems studied within the Atlantic Forest Biome
(e.g., Heyer et al. 1990; Duellman 1999; Canelas & Bertoluci 2007,
Dias et al. 2014; Garey et al. 2014).

Some of the reported species (Fig. 4-5), such as Scinax tymbamirim
and S. alter, show a vast spatial distribution within of the PNRJ and
were not recorded for only two of the sampled microhabitats: leaf litter
(Lt) and sandy substrate (Ss) (Table 1). These species present plasticity
in relation to environmental changes, being able to inhabit different
ecosystems, a favorable aspect for species that live in degraded and
unstable environments (Vasconcelos et al. 2018). Others species such

http://dx.doi.org/10.1590/1676-0611-BN-2019-0727

as Dendropsophus berthalutzae, D. cf. haddadi, Stereocyclops parkeri,
Adenomera thomei, and Chiasmocleis lacrimae were found in only one
microhabitat each, all in the dry forest restinga study site (Table 1).

One of the 36 species registered, Chiasmocleis lacrimae, is
categorized as “Endangered” (EN) by the IUCN Red List (Pimenta
& Peixoto 2004), reinforcing the importance of the restingas as
conservation priority areas. One of the anurans registered in PNRJ
was recently described: Pseudopaludicola restinga Cardozo, Baldo,
Pupin, Gasparini & Haddad, 2018, compromising adequate avaliation
of its conservational status. In the present study, we report the first
record of this taxon outside the state of Espirito Santo, Brazil. This
record represents an increase of its known geographic distribution of
approximately 140 km to south from its nearest locality (Restinga de
Praia das Neves, municipality of Presidente Kennedy [21°14°41.53”S;
40°58°45.80”W; 6 m asl], state of Espirito Santo, Brazil; according
to Cardozo et al. 2018). The only species representative of the order
Gymnophiona, Chthonerpeton braestrupi, is categorized in the [UCN
Red Book as “Data Deficient” (DD) concerning its distribution, as well
as taxonomy and ecological parameters (Wilkinson et al. 2004). The
similarity with Chthonerpeton indistinctum (Reinhardt & Liitken, 1862),
arelatively close and better known species (Maneyro & Langone 2001;
Canavero et al. 2010), which is affected by urban occupation in coastal
and agricultural areas, corroborates that these anthropic impacts may
also affect populations of C. braestrupi in the Brazilian coastal zone.
The other 33 species are listed and considered as “Least Concern” (LC)
according to the [IUCN Red Book (IUCN 2018) (Table 1).

None of the species recorded to the PNRJ is endemic to the park,
reinforcing the pattern already described for the other restingas. Only
five anuran species are known as endemic to this environment (Rocha
etal. 2005; Peloso et al. 2012): Ololygon agilis (Cruz & Peixoto, 1983),
Ololygon littoreus Peixoto, 1988, Xenohyla truncata (1zecksohn, 1959),
Leptodactylus marambaiae 1zecksohn, 1976, and Melanophryniscus
setiba Peloso, Faivovich, Grant, Gasparini, & Haddad, 2012. Until
recently, Rhinella pygmaea (Myers & Carvalho, 1952) was considered
endemic to the restinga habitats. However, Silveira et al. (2009) recorded
the species at semideciduous seasonal forest formations in the states of
Rio de Janeiro and Espirito Santo. Considering that the biodiversity of
the fragments of the sandy coastal environments in the state of Rio de
Janeiro is poorly known, the present study provided a more detailed
knowledge about different aspects of the biodiversity in the PNRIJ,
contributing to the preservation of this threatened ecosystem.

Currently, the PNRIJ is the only area within the 72 Brazilian
national parks distributed throughout the country to enclose this
ecosystem (Brasil 2016). In addition, few restinga areas correspond to
other categories of conservation units and only a few receive integral
protection (Rocha et al. 2004b). Therefore, more studies are needed
to subsidize the maintenance and implementation of conservation
policies in other areas of restinga in Brazil. The PNRJ has a long
tradition regarding conservation initiatives, including protection
of threatened species and the socio-environmental development of
sustainable alternatives for those who live from the resources offered
by this ecosystem (Rocha et al. 2004b; Esteves 2011; Silva et al. 2012).
Many of these measures were supported by science-based conservation
planning (see Esteves 2011). According to Margules & Pressey (2000),
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Figure 4. Some anurans from Parque Nacional da Restinga de Jurubatiba, state of Rio de Janeiro, southeastern Brazil: A) Rhinella pygmaea; B) Aparasphenodon
brunoi; C) Boana albomarginata; D) Boana semilineata; E) Dendropsophus elegans; F) Dendropsophus marmoratus; G) Scinax eurydice; H) Scinax cuspidatus.
Photos from MNFoto/Setor de Herpetologia, Museu Nacional, UFRJ.
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Figure 5. Some anurans from Parque Nacional da Restinga de Jurubatiba, state of Rio de Janeiro, southeastern Brazil: A) Scinax tymbamirim; B) Sphaenorhynchus
planicola; C) Trachycephalus nigromaculatus; D) Physalaemus signifer; E) Leptodactylus fuscus; F) Leptodactylus mystacinus; G) Elachistocleis cesarii; H)
Stereocyclops parkeri. Photos from MNFoto/Setor de Herpetologia, Museu Nacional, UFRJ.
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one can only preserve what is known, and the first stage to conserve
biodiversity is to describe, to map and to measure it. In the last years,
several studies pointed to the occurrence of population declines in
different parts of the world (Stuart et al. 2004), mostly caused by the
destruction of natural areas. The PNRIJ is a region of special relevance
for the protection of the biodiversity from the coastal region of state
of Rio de Janeiro. According to Rocha et al. (2005), the areas between
the restingas of Marica and Jurubatiba are of great importance for the
maintenance of the biodiversity of local terrestrial vertebrates. Rocha
et al. (2007) identified 14 sites of degradation in restinga areas and
estimate that 1,257 hectares of the PNRJ are degraded, mostly due to
the removal of native flora communities for the establishment of grazing
areas for livestock and urban occupation. All these factors tend to cause
significant impacts on the faunal communities present in the park. It is
well known that amphibians comprise the most threatened vertebrate
group and this, coupled with the current dynamics of changes in this
ecosystem, will lead to the extinction of many species, some of them
even before being described (Howard & Bickford 2014).

In addition, the PNRJ is an important area for the protection of
different taxa, harboring some of the species that are endemic to the
restingas ecosystem, such as the lizard Glaucomastix littoralis (Rocha,
Bamberg Araujo & Vreibradic, 2000) (Squamata: Teiidae) (Cosendey et
al. 2016), the rodent Cerradomys goytaca Tavares, Pessda & Gongalves,
2011 (Rodentia: Cricetidae) (Lemos & Gongalves 2015), and the fish
Atlantivivulus jurubatibensis (Costa, 2008) (Cyprinodontiformes:
Rivulidae) (Costa, 2008).

In conclusion, the detailed knowledge about the diverse aspects
of the biodiversity existing in the PNRJ, provide means to subsidize
the maintenance and implementation of conservation policies to other
areas of restinga in Brazil. Ecosystems with high biodiversity, such as
the Atlantic Forest, demand a continuous expansion of protected areas
in the most diverse categories of Conservation Units according to the
federal legislation. The Atlantic Forest suffered severe deforestation as
a consequence of its geographic location, originally occupying most
of the coastal strip of the Brazilian territory, a place that sheltered and
consolidated the permanence of 80% of the Brazilian population and the
infrastructure for its development (Rocha et al. 2004b). Only about 11%
of'this biome remains preserved in Brazil, with very few native forested
fragments, while the rest of the fragments consist of secondary forest
(Ribeiro et al. 2009). It is necessary to expand these protected areas, as
well as their interconnections to the formation of biological corridors,
essential for maintaining and expanding the existing biodiversity bases.
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