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Abstract: Insular habitats are considered ideal for biogeographic studies, as they represent almost closed habitats
with known formation timelines. Although Sdo Paulo state in Brazil has a large number of continental and oceanic
islands, few studies have examined the composition of the fauna in each locality. These studies are crucial to
determine the community structure and to make biogeographic and phylogenetic inferences. From February
2007 to January 2009, we surveyed the anuran community of sandy coastal plains in four municipalities of the
Lagamar Paulista: Cananéia, Ilha Comprida, Iguape and Pariquera-Acu, in the state of Sdo Paulo, Brazil. This
region is located in the Cananéia-Iguape estuary complex, comprising three continental islands: ITha de Cananéia,
Ilha Comprida, and Ilha do Cardoso, and the continental portions adjacent to these islands in the municipalities of
Iguape and Pariquera-Acu. Through the use of pitfall traps and active search, we registered a total of 32 anuran
species: 17 in ITha Comprida, 21 in Ilha de Cananéia, 26 in Ilha do Cardoso, 27 in Iguape, and 23 in Pariquera-Acu.
The analysis of the richness indices of the study sites revealed higher values in continental areas. This result is
very common in comparative studies between islands and continents. This may be caused by an island effect and
may reveal the historical process of island formation in the Lagamar. Our findings provide important information
for identifying patterns of amphibian distribution in insular areas of the Sdo Paulo coast, and for examining how
events of marine transgression and regression have affected the local amphibian communities.
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Resumo: Ambientes insulares s@o considerados ideais para estudos biogeograficos, jd que representam ambientes
quase fechados cujo tempo de formagao é conhecido. Embora o estado de Sdo Paulo possua um grande nimero de
ilhas continentais e oceanicas, faltam estudos de base que determinem a composig¢éo faunistica de cada localidade.
Tais estudos sdo cruciais para se determinar a estrutura de comunidades e fazer inferéncias biogeograficas
e filogenéticas que a expliquem. Durante os meses de fevereiro de 2007 a janeiro de 2009 inventariamos a
comunidade de anuros de ambientes de restinga em quatro municipios do Lagamar Paulista: Cananéia, Ilha
Comprida, Iguape e Pariquera-Acgu, estado de Sao Paulo. Inserida no complexo estuarino Cananéia-Iguape, esta
regido caracteriza-se pela presenga de trés ilhas continentais: Ilha de Cananéia, Ilha Comprida e Ilha do Cardoso e
por¢des continentais adjacentes a estas ilhas nos municipios de Iguape e Pariquera-Agu. Através da metodologia
de procura ativa e armadilhas de interceptacio e queda foi registrado um total de 32 espécies de anuros em todas
as localidades: 17 espécies na Ilha Comprida, 21 na Ilha de Cananéia, 26 na Ilha do Cardoso, 27 em Iguape e 23
em Pariquera-Acgu. A andlise dos indices de riqueza revelou valores mais altos nas dreas continentais, resultado
comumente observado em comparacdes entre ilhas e continente. Este resultado pode ser um reflexo de um efeito
de isolamento promovido pelo evento de formagdo das ilhas, ou pode ser resultado de origem e tempo distintos
em que as ilhas foram formadas. Os resultados aqui apresentados sao de fundamental importancia, pois fornecem
subsidios tanto para estudos de padrdes de distribui¢do de anfibios em formacdes insulares do litoral paulista
como para o entendimento de como eventos de transgressdo e regressdo marinha atuaram sobre as comunidades
de anfibios locais.

Palavras-chave: amphibia, comunidade de anuros, ilhas continentais, lagamar, Mata Atlantica.
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Introduction

Sandy coastal plain areas are among the most threatened
habitats in the Atlantic forest (Rocha et al. 2007). Main threats
to these habitats include deforestation for urban development, the
construction of entertainment resorts, pollution by industrial and/
or domestic effluents, among others (Rocha et al. 2003, Dias &
Rocha 2005, Rocha et al. 2007). Although coastal sandy plains are
not included among the richest habitats in the Atlantic forest, they
harbor many endemic species (Dias et al. 2002, Rocha et al. 2003,
Rocha et al. 2005). Thus, the knowledge of species composition is
crucial to subsidize conservation actions, given the vulnerability of
these coastal habitats.

The number of studies on the anuran fauna of the coastal Atlantic
rainforest has increased in recent years (e.g., Rocha et al. 2008,
Narvaes et al. 2009, Silva-Soares et al. 2010). However, given the
great diversity of anuran species in this domain, these numbers
are still low. The use of new approaches (e.g. molecular data, call
descriptions), as well as the increase of studies conducted in remote
areas (Brasileiro et al. 2007a, b, ¢), have increased the number of
species description in the coastal Atlantic rainforest (Pombal Junior
& Bastos 2003, Fitzpatrick et al. 2009). This is even more evident
for insular habitats, from which several species have been recently
described (e.g., Brasileiro et al. 2007a, b, ¢, Silva & Alves-Silva
2008). Moreover, insular habitats are ideal for examining theories
of community structure, as they are almost closed habitats with a
known timeline (Diamond 1975a, b, Leibold & Mikkelson 2002,
Gillespie et al. 2005). Thus, the first step to elaborate ecological
theories is the knowledge of the faunal composition of these habitats.

The aim of the present study was to survey the anuran species
from sandy coastal plains in three continental islands (Ilha do
Cardoso, Ilha de Cananéia, and Ilha Comprida) and from two adjacent
mainland sites in south S@o Paulo state. Furthermore, we compared
our results with those of other coastal areas of northern Sdo Paulo
and Rio de Janeiro states and southern Sdo Paulo and Paran4 states.
Studies such as the present one may help raise hypotheses on the
factors involved in the structure of insular anuran communities.

Material and Methods

1. Study sites

The present study was conducted in four municipalities of
the Lagamar Paulista: Cananéia, Iguape, Pariquera-Acu, and Ilha
Comprida, southern coast of Sdo Paulo state, southeastern Brazil
(Figure 1). Lagamar Paulista is the common name of the coastal and
continental region near the Iguape-Cananéia estuary (Magalhaes
2003). This complex encompasses three continental and barrier
islands (Ilha de Cananéia, Ilha Comprida, and Ilha do Cardoso),
according to Suguio (1992), as they are geologically associated with
the mainland and were formed by fluctuations of the sea level or by
the accumulation of sediments on the coast (barrier islands) (Martin
& Suguio 1978, Watanabe et al. 1997, Suguio et al. 2003).

The typical vegetation of the complex, usually xerophytic shrubs,
is the same as that found in sandy coastal plains, characterized by
species tolerant to high temperatures and insulation, little water
availability, high salinity, and sandy soils (Zaluar & Scarano 2000,
Scarano 2002). A common characteristic of all sandy coastal plains
of Brazil is the presence of species of the family Bromeliaceae
(Freitas et al. 2000, Cogliatti-Carvalho et al. 2001). In these habitats,
bromeliads play a fundamental role in the establishment of other
species (Zaluar & Scarano 2000), particularly by providing resources
to several animal species (see examples in Osses et al. 2008).
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Each study site is further described below.

1.1. Municipality of Cananéia

It comprises two continental islands (Ilha de Cananéia and Ilha
do Cardoso) and a continental portion adjacent to these islands.

I[lha de Cananéia: area of approximately 125 km? As a result
of historical factors during colonization, only small patches of
well-preserved Atlantic rainforest and sandy coastal plains remain.
It is separated from the mainland by the Mar de Cubatdo, and from
Ilha Comprida by the Mar de Cananéia. It is characterized by the
presence of Pleistocene (Cananéia Formation) and Holocene deposits
and is considered a barrier island based on its origin: the deposition
of sediment during sea transgression and regression during the
Quaternary (see definition in Suguio 1992). The study was conducted
in an area of preserved sandy coastal plain in the central portion of the
island (24°55° 59.80”” S and 47° 53” 16.49”’ W; elevation =0-137 m
above sea level) (Figure 1). The distance between Ilha de Cananéia
and the adjacent continental portion varies between 300 m and 1 km,
similar to the distances between Ilha de Cananéia and Ilha Comprida.
The distance to Ilha do Cardoso is 2 to 3 km.

Ilha do Cardoso: area of approximately 136 km?. It is considered
one of the most preserved areas of the complex (Magalhaes 2003).
The Mar de Itapitangui (Sao Paulo state) separates the island from
the continent to the north and the Mar de Ararapira (Parana State) to
the south. It is characterized by Pleistocene (Cananéia Formation)
and Holocene deposits, and most of the island consists of a mountain
range formed by Precambrian rocks (Pariquera-A¢u Formation)
(Suguio & Tessler 1992). The present study was conducted in the
northern region of the area where the state park Parque Estadual da
Ilha do Cardoso is located (PEIC) (Perequé Unit) (25° 03 05°” S and
48° 05 42> W; elevation = 0-900 m a.s.l.) (Figure 1). The distance
from the island to the continent (Cananéia-SP and Guaraquegaba-PR)
varies from 200 m to 1 km. The distance between Ilha do Cardoso
and Ilha Comprida is approximately 1.5 km.

1.2. Municipality of Ilha Comprida

It comprises a total area of 189 km?. Most of the sandy coastal
plains have been cleared for urbanization. It is separated from the
continent by the estuarine channel known as Mar Pequeno (Magalhdes
2003) and from Ilha de Cananéia, by the Mar de Cananéia. It is a
typical barrier island, formed by Pleistocene (Cananéia Formation)
and Holocene deposits (Suguio et al. 2003). The present study was
conducted in an area located in the central-south region of the island
(25°00* 19 S and 47° 52’ 18.7"" W, elevation = 0-10 m a.s.l.)
(Figure 1). The distance between Ilha Comprida and the mainland
(Cananéia and Iguape) varies from 400 m tol km.

1.3. Municipality of Pariquera-Acu

The study site was located in the state park Parque Estadual
da Campina do Encantado (PECE) (24° 38’ 44.8" S and
47° 48’ 39.9”” W; elevation = 18 m a.s.l.) (Figure 1). The park has
an area of 23.59 km?, with remnants of well-preserved sandy coastal
plains (Magalhaes 2003). The forests of the PECE consist of different
physiognomies with a varied structure, mainly related with the type
of soil and water availability. Unlike its surroundings, the forests
are still well preserved, especially due to regular floods, making
settlements and agricultural activities unfeasible (Sao Paulo 2008).
The PECE is currently one of the largest well-preserved continuous
lowland forests subject to flooding on the coast of southeast Brazil.
The presence of sambaquis (paleo-indian constructions consisting of
shells and marine animals) inside the park (Sao Paulo 2008) suggests
that the shoreline was closer to the municipality than its current
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level (Martin & Suguio 1989). The municipality of Pariquera-Acu
is equally distant from the Ilha de Cananéia and Ilha Comprida by
approximately 21 km.

1.4. Municipality of Iguape

The study site was located in the Engenheiro Narciso de
Medeiros Agricultural School (24° 41° 14>° S and 47° 31° 52 W;
elevation = 3-50 m a.s.l.) (Figure 1), which encompasses an area
of 1.28 km?2. It is located in the Area de Protecio Ambiental of
Cananéia/lguape and is one of the last remnants of original forest
in this municipality (Magalhdes 2003). Although the municipality
of Iguape is currently isolated (by the estuarine channel, Ribeira do
Iguape river, and Valo Grande) in this study, it was considered a
continental portion due to the recent history of isolation of the area
(approximately 180 year).

The climate of the Lagamar region is humid mesothermic (Cfa
according to Koppen), with an average temperature in the hottest
months above 22 °C and high levels of annual rainfall (between
1,600 and 2,000 mm). There is no dry season, only a decrease in
rainfall in the winter (Lamparelli 1999). The Cananéia area differs
from the central and northern regions of the coast of Sao Paulo state,
as the average temperatures are slightly lower during the winter
(Lamparelli 1999).

2. Data collection

From February 2007 to January 2009, we surveyed the anuran
species of the study sites using two complementary methods: active
night search and pitfall traps with drift fences. The traps consisted
of a line with six 60 L buckets placed 15 m from one another and a
drift fence 50 cm high in relation to the ground. Three lines of traps
were set up with a distance of 500 m from one another at each study
site, totaling 15 lines of traps. The traps were inspected before the
sunset, during three consecutive days, at each site, totaling a sampling
effort of 1728 hours-bucket, during the entire period of the study.

Simultaneously to the pitfall traps with drift fences, we conducted
active visual and acoustic searches at night during three or four
consecutive days each month (Heyer et al. 1994).

Data collection started after sunset and ended when the
reproductive activity of the frogs decreased or stopped. The trails

surveyed during the active search included pre-established paths near
the sites where the traps were set up and near previously chosen water
bodies (permanent, semi-permanent, and temporary). Each transect
at the study sites (one in each studied area) were approximately
2 km long. Bromeliads located along the trails were also inspected
for adults, tadpoles or eggs.

Individuals collected were anesthetized with xylocaine, fixed
with 10% formalin, preserved in 70% ethanol, and deposited in the
collection of amphibians Célio F. B. Haddad (CFBH), Department
of Zoology, I.B., Universidade Estadual Paulista, Rio Claro, Sdo
Paulo, Brazil.

3. Data analyses

To evaluate the sampling effort, we constructed an accumulation
species curve (Colwell 2005). We used data of presence and absence
of species per month and per site. The samples were arranged
randomly by the method Mao Tau (1000 iterations). The confidence
interval of Chao II richness estimator was compared among the study
sites (Zar 1996, Santos 2003).

The similarity level regarding the composition of species among
study sites and areas nearby or to the north or south of the coast of Sao
Paulo state, south of Rio de Janeiro State and north of Parana state
(Table 1) was calculated with the Sorensen similarity index, which
minimizes the effect of sub-sampling, emphasizing the co-occurrence
of species (Wolda 1981). The clustering procedure used for the
construction of the dendrogram was the UPGMA (group mean).
Species with dubious identification were considered as exclusive
of each site to avoid incorrect similarity in species composition
among sites.

Results

We recorded a total of 32 species of anurans including all study
areas; 27 species in Iguape, 23 in Pariquera-Acu, 21 in Ilha de
Cananéia, 17 in Ilha Comprida and 18 in Ilha do Cardoso (Table 2).
In all study sites, Hylidae was the richest family (approximately 63%
in Iguape, 61% in Pariquera-Acu, 65% in IlTha Comprida, 57% in Ilha
de Cananéia, and 61% in Ilha do Cardoso). Some species observed
in the study sites are shown in Figure 2.

Figure 1. Geographic location of the study areas on the southern coast of Sao Paulo state, Brazil, being 1) Ilha de Cananéia, 2) Ilha do Cardoso, 3) Ilha Comprida,
4) Pariquera-Agu and 5) Iguape. Dark gray, Atlantic forest remnants of the region.

Figura 1. Localizag@o geogréfica das dreas estudadas no litoral sul do estado de Sao Paulo, Brasil, sendo 1) Ilha de Cananéia, 2) Ilha do Cardoso, 3) Ilha
Comprida, 4) Pariquera-Acu e 5) Iguape. Em cinza escuro estio representados os remanescentes de Mata Atlantica da regido.
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Table 1. Localities whose anuran communities were compared to those examined by this study, geographic coordinates and literature sources.
EE = Estagdo Ecoldgica, PESM = Parque Estadual da Serra do Mar.
Tabela 1. Localidades cuja anurofauna foi comparada com as estudadas no presente trabalho, suas coordenadas geogréficas e referéncias.
EE = Estagdo Ecoldgica, PESM = Parque Estadual da Serra do Mar.

Site Municipality State Coordinates Source
EE Boracéia Salesopolis SP 23°37° S and 45° 52° W Heyer et al. (1990)
ESEC Juréia-Itatins Juréia-Itatins SP 24° 31’ Sand 47° 16° W Narvaes et al. (2009)
Ilha de Sao Sebastiao Ilha Bela SP  23°45°-23°55" Sand 45° 17°-45° 24 W Centeno (2008)
PESM Picinguaba Ubatuba SP 23°21° S and 44° 49° W Hartmann (2004)
PESM Santa Virginia Sdo Luis do Paraitinga  SP 23°19’ S and 45° 08" W Giasson (2008)
Municipality Rio de Janeiro RJ  22°52’-23°04° S and 43° 10°-43° 46° W Izecksohn & Carvalho-e-Silva (2001)
Reserva do Rio das Pedras Mangaratiba RJ 22°59’ S and 44° 06° W Carvalho-e-Silva et al. (2008)
Fazenda Dellamana Guaraquegaba PR 25°15’-25° 16’ S and 48° 17°-48° 19 W Castanho (2000)

Table 2. Presence and absence of anuran species in the surveyed sites in the Lagamar Paulista, Sao Paulo State, Brazil. In parentheses the
recording method: o = active search; + = pitfall traps with drift fences. The “X” indicates presence of the species.

Tabela 2. Lista de espécies de anuros das cinco dreas estudadas no Lagamar paulista, estado de Sdo Paulo, Brazil. Entre parenteses o modo
de registro: o = procura ativa; + = armadilhas de interceptagdo e queda. “X” indica o registro das espécies.

. Pariquera Ilha Ilha de Ilha do

Species Tguape A?;u Comprida Cananéia Cardoso
Ischnocnema guentheri (Steindachner, 1864) X(0) X (0)
Rhinella ornata (Spix, 1824) X(o,+) X(o,+) X(o,+) X(o,+) X(o,+)
Rhinella icterica (Spix, 1824) X(0) X(o,+)
Dendrophryniscus leucomystax 1zecksohn, 1968 X(o,+) X(o,+) X(+) X(o,+) X(o,+)
Haddadus binotatus (Spix, 1824) X(o,+) X(o,+) X(o,+) X(0) X(o,+)
Aparasphenodon bokermanni Pombal, 1993 X(0) X(0)
Dendropsophus berthalutzae (Bokermann, 1962) X(0) X(0) X(0)
Dendropsophus decipiens (Lutz, 1925) X(0)
Dendropsophus elegans (Wied-Neuwied, 1824) X(0) X(0)
Dendropsophus microps (Peters, 1872) X(0) X(0)
Dendropsophus werneri (Cochran, 1952) X(0) X(0) X(0) X(0)
Hypsiboas albomarginatus (Spix, 1824) X(0) X(0) X(0) X(0) X(0)
Hypsiboas faber (Wied-Neuwied, 1821) X(0) X(0) X(0) X(0) X(0)
Hypsiboas raniceps Cope, 1862 X(0) X(0)
Hypsiboas semilineatus (Spix, 1824) X(0) X(0) X(0) X(0)
Itapotihyla langsdorffii (Duméril and Bibron, 1841) X(0) X(0) X(0)
Scinax argyreornatus (Miranda-Ribeiro, 1926) X(0) X(0) X(0) X(0)
Scinax fuscovarius (Lutz, 1925) X(0) X(0) X(0) X(0)
Scinax hayii (Barbour, 1909) X(0)
Scinax littoralis (Pombal and Gordo, 1991) X(o,+) X(+) X(0)
Scinax sp. (gr. catharinae) X(0) X(0) X(0) X(0)
Scinax sp.1 (aff. alter) X(0) X(0) X(0) X(o,4) X(0)
Scinax sp.2 (aff. alter) X(0) X(0) X(©) X(0)
Scinax sp. (aff. perpusillus) X(0) X(0)
Phyllomedusa distincta Lutz, 1950 X(0) X(©) X(©)
Trachycephalus mesophaeus (Hensel, 1867) X(0) X(0)
Crossodactylus caramaschii Bastos and Pombal, 1995 X(0)
Physalaemus spiniger Haddad and Pombal, 1998 X(o,+) X(o,4) X(o,+) X(o,4) X(0,4)
Leptodactylus sp.(gr. marmoratus) X(+) X(©) X(0)
Leptodactylus bokermanni Heyer, 1973 X(o,+) X(0,+) X(0) X(o,4) X(0,4)
Leptodactylus latrans (Steffen, 1815) X(o,+) X(0,4) X(o,+) X(o,+) X(0,4)
Chiasmocleis leucosticta (Boulenger, 1888) X(+) X(+) X(o,+)
Total 27 23 17 21 18
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Figure 2. Anuran species registered in the Lagamar Paulista, Sao Paulo State, Brazil, a) Dendrophryniscus leucomytax, b) Rhinella icterica, c) Rhinella ornata,
d) Haddadus binotatus, e) Aparasphenodon bokermanni, f) Dendropsophus berthalutzae, ) D. elegans, h) D. werneri, i) Hypsiboas albomarginatus, j) H. raniceps,
1) H. faber, m) Itapotihyla langsdorffii, n) Scinax argyreornatus, o) Scinax litorallis, p) Scinax sp. 1 (aff. alter), q) Scinax sp. 2 (aff. alter), r) Scinax sp.
(aff. berthae), s) Scinax sp. (aff. perpusillus), t) Phyllomedusa distincta, v) Trachycephalus mesophaeus, v) Physalaemus spiniger, W) Leptodactylus bokermanni,
x) Leptodactylus sp. (gr. marmoratus), and y) Chiasmocleis leucosticta.

Figura 2. Espécies de anuros registradas no Lagamar paulista, estado de Sao Paulo, Brasil, a) Dendrophryniscus leucomytax, b) Rhinella icterica, c) Rhinella ornata,
d) Haddadus binotatus, €) Aparasphenodon bokermanni, f) Dendropsophus berthalutzae, g) D. elegans, h) D. werneri, i) Hypsiboas albomarginatus, j) H. raniceps,
1) H. faber, m) Itapotihyla langsdorffii, n) Scinax argyreornatus, o) Scinax litorallis, p) Scinax sp. 1 (aff. alter), q) Scinax sp. 2 (aff. alter), r) Scinax sp.
(aff. berthae), s) Scinax sp. (aff. perpusillus), t) Phyllomedusa distincta, u) Trachycephalus mesophaeus, v) Physalaemus spiniger, w) Leptodactylus bokermanni,
x) Leptodactylus sp. (gr. marmoratus) e y) Chiasmocleis leucosticta.
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Only 11 species were captured with pitfall traps with drift fences
(Table 2) representing approximately 34% of the total diversity of
species recorded in all sites sampled. Some species were recorded
in some study sites only with this method: Chiasmocleis leucostica
(Pariquera-Acu and Ilha de Cananéia), Dendrophryniscus leucomystax

(Ilha Comprida), Leptodactylus sp. (gr. marmoratus) (Iguape) and
Scinax littoralis (Ilha de Cananéia).

The analysis of the accumulated species curve indicated an
asymptote only for Ilha Comprida, which was confirmed by the values
obtained for Chao II (Figure 3). Based on the graphic analysis of
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Figure 3. Species accumulation curve (Mao Tau) of each studied areas and corresponding richness values estimated by Chao II. Vertical bars correspond to
standard deviations of observed species richness. Next to each figure final richness values estimated by Jackknife I, Jackknife II, Bootstrap, and Chao II and
their corresponding standard deviations values.

Figura 3. Curva de acumulagdo de espécies (Mao Tau) obtida para as areas estudadas e os valores estimados por Chao II. Barras verticais correspondem
aos valores de desvio-padrio obtidos. Ao lado de cada gréfico os valores finais e seus respectivos desvios-padrdes estimados por Jackknife I, Jackniffe II,
Bootstrap e Chao II.
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Chao Il average values and their corresponding confidence intervals,
a significant difference was observed among study sites regarding
species richness, except for Ilha de Cananéia and Pariquera-Acu
(Figure 4).

Eight species (25%) occurred in all study sites (Table 2). Other
species were recorded only in the study sites on the mainland or only
on the islands. The species recorded exclusively on the mainland
were: Rhinella icterica, Dendropsophus elegans, D. microps,
Hypsiboas raniceps, Scinax hayii, and Crossodactylus caramaschii.
The two latter were found only in the municipality of Iguape

50
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30 ]
25 -
20
15
10

Species richness
»
—

T T T T 1

Pariquera-  llha de llha de llha
Acgu Cananéia Cardoso Comprida

Iguape

Figure 4. Richness obtained through Chao II estimator and their corresponding
confidence intervals (95%) obtained for each locality during the study.

Figura 4. Riqueza obtida por meio do estimador Chao II e seu respectivo
intervalo de confianga (95%) para cada localidade estudada do Lagamar
paulista.
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(Table 2). The species recorded only on the islands were:
Dendropsophus decipiens (Ilha do Cardoso), Itapotihyla langsdorffii
(Ilha do Cardoso, Ilha de Cananéia, and Ilha Comprida) and Scinax sp.
(aff. perpusillus) (Ilha do Cardoso and Ilha de Cananéia) (Table 2).

Compared to other areas, the cluster analysis revealed two distinct
groups, one consisting of the study sites and other southern Sdo
Paulo coastal areas, and another composed of nearby municipalities
and the coast of northern Sdo Paulo and Rio de Janeiro. In the group
composed of the study areas, two groups are observed, one comprising
the Ilha do Cardoso, with a composition of anurans more similar
to that of Guaraquecaba, in the adjacent Parana state, and another
consisting of the islands of Cananéia-Comprida and Iguape-Pariquera-
Acu. A division regarding the composition of anuran species was
observed between the insular and continental habitats examined.
The similarity between these two sites and the anuran fauna of the
ecological reserve Juréia-Itatins, (approximately 100 km away) was
higher than the similarity of these sites with the Ilha do Cardoso
(Figure 5) (approximately 130 km away from the ecological reserve
Juréia-Itatins).

Discussion

Hylidae was the richest family in all studied sites surveyed in
the present study. This was expected, since this pattern has also
been found in most studies on Brazilian anuran communities (e.g.,
Bertoluci & Rodrigues 2002, Prado et al. 2005, Brasileiro et al.
2005, Zina et al. 2007), as well as throughout the Neotropics (Doan
& Arriaga 2002, Alvarez et al. 2009, Laurencio 2009, Ortega-
Andrade et al. 2010). Hylidae is one of the most species-rich
families of amphibians, with approximately 900 species currently
recognized (Wiens et al. 2010, Frost, 2011). Hylids occur in most
continents, but most species and genera are found in the Neotropics

Iguape
Ubatuba
Mangaratiba
Rio de Janeiro
llha Bela
Santa Virginia
Salesoépolis

—T

0.2 1

Cophenetic coefficient= 0.9368

Figure 5. Dendrogram constructed based on the Sorensen Similarity Index for the study sites in the Lagamar Paulista, Sao Paulo state, and compared areas

on the southeastern coast of Brazil (UPGMA).

Figura 5. Dendrograma resultante da anélise de agrupamento (método de ligagdo UPGMA) baseado no indice de similiaridade de Sorensen entre as areas

estudadas e comunidade de anuros de dreas costeira do sudeste brasileiro.
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(Wiens et al. 2010, Frost, 2011). The New World hylids are very
diverse morphologically and ecologically (Wells, 2007) and exhibit a
great diversity of reproductive modes (Haddad & Prado, 2005). These
traits, combined with their arboreal habits, allow them to occupy
many different habitats, which might explain the dominance of this
family in number of species in several communities in the Neotropics.

The low species richness obtained using pitfall traps with drift
fences was expected, given the limitations imposed by this method
(Cechin & Martins 2000), such as its inefficiency to capture arboreal
species. According to Rocha et al. (2004), only a small fraction of
anurans in open sandy coastal plains seems to move on the ground,
as a result the pitfall traps method seems to be inefficient to survey
anuran species in these environments. However, our records of
some terrestrial species and those with explosive reproduction
(e.g., Chiasmocleis leucosticta - see Haddad & Hodl 1997, and
Dendrophryniscus leucomystax - see Zina 2010) support the
importance of pitfall traps as a secondary method associated with
active search at the reproductive sites (Cechin & Martins 2000).

The record of species with explosive reproduction may be favored
by the formation of temporary or semi-permanent water bodies for
a short period of time (after rains), which drain very fast due to the
sandy soil. The absence of some of these species (e.g., C. leucosticta
and Trachycephalus mesophaeus) in Ilha Comprida may explain the
fact that the total richness was only obtained for this site. Additionally,
some differences concerning to water bodies characteristics (drainage
speed, for instance) among the studied sites may explain this results.
To test these hypotheses, it would be necessary to evaluate habitat
availability and habitat use for each species, issues that are beyond
the scope of this study.

Species accumulation curves have been widely used to make
inferences and evaluate the sampling effort in studies of anuran
communities (Silva et al. 2008, Santos et al. 2009, Armstrong &
Conte 2010), even in experimental studies where the sampling effort
is standardized. The use of this analysis is especially important when
the anuran community is the study object, since the capture rates
of unrecorded species are strongly influenced by abiotic factors
(Bertoluci 1998, Bertoluci & Rodrigues 2002, Zina et al. 2007). This
in turn reinforces the need of long-term studies to achieve the total
richness of anuran species.

The richness indices observed for the study sites revealed higher
values in continental areas. This result is very common in studies
comparing islands and continents (MacArthur & Wilson 1967,
Centeno et al. 2008, Silva et al. 2008) and agrees with the theory of
island biogeography proposed by MacArthur & Wilson (1967). These
differences in species richness may result from the way the islands
were formed and the habitats that are available for the establishment
and/or maintenance of a given population. To test these hypotheses,
it would be necessary to evaluate habitat availability and habitat use
for each species, as well as species’ migration capacity, issues that
are beyond the scope of this study.

Among the species that occurred exclusively on the islands,
Scinax cf. perpusillus inhabits bromeliads and is a member of a
group of three out of nine species that are endemic to insular habitats:
Scinax alcatraz, S. peixotoi, and S. faivovichi (Brasileiro et al.
2007a,b). The dependence on bromeliads, vegetation typical of sandy
coastal plains, during their entire life cycle might have been the
factor responsible for the isolation of populations in flooded habitats
during processes of marine transgression and island formation. The
study of island endemic species of the Scinax perpusillus group
using molecular markers is essential to understand the processes
and selective pressures that led to the isolation and later speciation
of their members.

http://www .biotaneotropica.org.br

The analysis of the similarity index revealed a clear distinction
between anuran communities of the coastal regions of north and
south of Sdo Paulo state. Geological and climatic processes and their
distinct results along the coast of Sdo Paulo state might be responsible
for this dichotomy. According to Fitzpatrick et al. (2009), more
recent vicariant events, to which the southern region of Sao Paulo
state was subjected, could be responsible for the formation of two
well-defined clades (north and south) of frog species in the genus
Thoropa. According to these authors, these results support the fact
that the Atlantic rainforest has had very different landscape dynamics
along the southeast coast due to climatic and geologic events from
the Pleistocene to the present.

The formation of another interesting cluster, consisting of two
distinct groups: continental (Pariquera-Ac¢u and Iguape) and insular
(Ilha de Cananéia and Ilha Comprida), might be due to the way these
two islands were formed.

Five geologic events formed the coastal region of Cananéia
and Iguape (Suguio & Martin 1978). Approximately 120,000 years
ago, the sea rose 8 m above the current level during the Cananéia
Transgression (Pleistocene Transgression). This event isolated the
islands of the Lagamar estuarine complex. The second stage is
represented by a regressive phase (Pleistocene Regression), when
sediments began to be deposited as beach ridges. During this phase,
the Ilha Comprida and Ilha de Cananéia grew and were defined
as barrier islands, especially the former one. In the third stage
(approximately 17,000 years ago), the sea level was 110 m below
the current one. At this time, Ilha de Cananéia and Ilha Comprida
gradually became connected, possibly through the Lage do Argolao,
a surface of continuous rock, currently submersed. The Ilha de
Cananéia, however, remained isolated from the mainland due to
erosion of deposits of the Cananéia Formation by rivers. In the
fourth stage, the sea level rose again (3.5 m - Santos Transgression),
isolating the islands. In the fifth stage, the sea level stabilized at its
current level. Thus, it is very likely that during the entire process in
which the complex was formed, exchanges of individuals between
populations of anuran species occurred between Ilha Comprida and
I1ha de Cananéia. It is also possible that one given species present only
on one of the islands colonized the other one via Lage do Argolao.
Such events could explain the similarity in species composition
between the Ilha de Cananéia and Ilha Comprida and the formation
of an isolated group of island communities. Again, studies using
molecular markers and estimations of time divergence between
lineages would be useful to test such hypotheses.

Ilha do Cardoso has the highest elevations among the three islands
examined in the study. Most of this island consists of Pre-Cambrian
rocks (Suguio & Tesser 1992). The effects of marine regression and
transgression on the anuran community of this island might have
been differentiated. It is possible that during regressive processes,
bridges between the Ilha do Cardoso and coastal areas of Parand state
enabled the contact between the anuran fauna of sandy coastal plains
of these two areas, which could explain their similarity, as opposed
to the similarity observed between Ilha do Cardoso and other areas
of the Lagamar complex.

Seven species registered during this study are restricted or
partially restricted to coastal areas in south and southeast Brazil
[Aparasphenodon bokermanni, Dendrophryniscus leucomystax,
Dendropsophus berthalutzae, Scinax argyreornatus, Scinax littoralis,
Scinax sp. (aff. perpusillus), and Physalaemus spiniger)] (Frost,
2011). One of them [Scinax sp. (aff. perpusillus)] is restricted to
the municipalities of the Lagamar Paulista. Our results showed that
a small area of the Brazilian coast, located in the most developed
region, can harbor a unique frog fauna, which might be threatened
by the unplanned human occupation.
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Although species richness and composition can be successfully
used as tools to explain some ecological patterns, they are still
insufficient parameters to support hypothesis that can explain the
way a community is or was structured in insular habitats. Studies
focusing on multiple aspects, such as the natural history of species,
community ecology, molecular biology, and geographic history are
needed to further investigate the hypotheses proposed in this study.

Acknowledgements

The authors are grateful to Sarah Piacentini Pinheiro, Ariadne
Sabbag, André Teixeira da Silva, Selmo Bernardo, Claudio Bernardo,
Fébio Perin de Sa, Thais R. Costa, Crislei Rodrigues and Victor
Dill for assistance in the field. To Denise Rossa-Feres and Hélio R.
Silva for valuable suggestions on earlier drafts of this manuscript.
We would like to acknowledge FAPESP (process # 06/55482-6,
01/13341-3, 08/50928-1, and JP 09/12013-4) and CNPq (process
# 471106/2010-0 and research fellowship to CFBH) for financial
support.

References

ALVAREZ, B.B., GARCIA, J.AR., CESPEDEZ, J.A., HERNANDO, A B.,
ZARACHO, V.H., CALAMANTE, C.C. & AGUIRRE, R.H. 2009.
Herpetofauna, provinces of Chaco and Formosa, Chaco Oriental region,
north-eastern Argentina. Check List 5(1):74-82.

ARMSTRONG, C.G. & CONTE, C.E. 2010. Taxocenose de anuros
(Amphibia: Anura) em uma drea de Floresta Ombrdfila Densa no sul do
Brasil. Biota Neotrop. 10(1): http://www.biotaneotropica.org.br/v10n1/
pt/fullpaper?bn00610012010+pt (dltimo acesso em 09/04/2011).

BERTOLUCI, J. 1998. Annual patterns of breeding activity in Atlantic
Rainforest anurans. J. Herpetol. 32(4):607-61. http://dx.doi.
org/10.2307/1565223

BERTOLUCI, J. & RODRIGUES, M.T. 2002. Utilizacdo de habitats
reprodutivos e micro-hdbitats de vocalizagdo em uma taxocenoses de
anuros (Amphibia) da Mata Atlantica do sudeste do Brasil. Pap. Avul.
Zool. 42(11):287-297.

BRASILEIRO, C.A., OYAMAGUCHI, HM. & HADDAD, C.F.B. 2007a.
A new island species of Scinax (Anura; Hylidae) from Southeastern
Brazil. J. Herpetol. 41(2): 271-275. http://dx.doi.org/10.1670/0022-
1511(2007)41[271:ANISOS]2.0.CO;2

BRASILEIRO, C.A., HADDAD, C.F.B., SAWAYA, R.J. & MARTINS,
M. 2007b. A new threatened species of Scinax (Anura: Hylidae) from
Queimada Grande island, southeastern Brazil. Zootaxa 1391:47-55.

BRASILEIRO, C.A.,, HADDAD, C.F.B.,, SAWAYA,R.J. & SAZIMA,1.2007c.
A new and threatened island-dwelling species of Cycloramphus (Anura:
Cycloramphidae) from southeastern Brazil. Herpetologica 63(4):501-510.
http://dx.doi.org/10.1655/0018-0831(2007)63[501:ANATIS]2.0.CO;2

BRASILEIRO, C.A., SAWAYA, R.J., KIEFER, M.C. & MARTINS,
M. 2005. Amphibians of an open Cerrado fragment in southeastern
Brazil. Biota Neotrop. 5(2): http://www.biotaneotropica.org.br/v5Sn2/
pt/abstract?article+BN00405022005 (tltimo acesso em 05/03/2011).

CARVALHO-E-SILVA, AM.T., SILVA, G.R. & CARVALHO-E-SILVA,
S.P. 2008. Anuros da Reserva Rio das Pedras, Mangaratiba, RJ, Brasil.
Biota Neotrop. 5(2): http://www.biotaneotropica.org.br/v8n1/pt/abstrac
t?inventory+bn02608012008 (dltimo acesso em 03/05/2011)

CASTANHO, L. 2000. Histéria Natural de uma comunidade de anuros da
regido de Guaraquegaba, litoral norte do Estado do Parand. Tese de
doutorado, Universidade Estadual Paulista, Rio Claro.

CECHIN, S.Z. & MARTINS, M. 2000. Eficiéncia de armadilhas de queda
(pitfall traps) em amostragens de anfibios e répteis no Brasil. Rev. Brasil.
Zool. 17(3):729-740.

CENTENO, F.C. 2008. Diversidade e uso do ambiente pelos anfibios e
répteis da ilha de Sdo Sabastido, Ilhabela, SP. Dissertacdo de Mestrado,
Universidade de Sdo Paulo, Sao Paulo.

http://www .biotaneotropica.org.br/v12n1/en/abstract?inventory+bn02212012012

CENTENO, F.C.,, SAWAYA, R.J. & MARQUES, O.A.V. 2008. Snake
assemblage of Ilha de Sdo Sebastido, southeastern Brazil: comparation
to mainland. Biota Neotrop. 8(3): http://www.biotaneotropica.org.br/
v&n3/pt/fullpaper?bn00608032008+en (dltimo acesso em 03/05/2011).

COGLIATTI-CARVALHO, L., FREITAS, A.F.N., ROCHA C.F.D. & VAN-
SLUYS, M. 2001. Variagdo na estrutura e na composi¢ao de Bromeliaceae
em cinco zonas de restinga no Parque Nacional da Restinga de Jurubatiba,
Macaé, RJ. Rev. Brasil. Bot. 24(1):1-9.

COLWELL, R.K. 2005. EstimateS: Statistical estimation of species richness
and shared species from samples. versdo 6.5.0. User’s Guide. http://
viceroy.eeb.uconn.edu/estimates

DIAMOND. J.M. 1975a. The island dilemma: Lessons of modern
biogeographic studies for the design of natural reserves. Biol.
Conserv. 7(2):129-145. http://dx.doi.org/10.1016/0006-3207(75)90052-X

DIAMOND, J.M. 1975b. Assembly of species communities. In Ecology and
Evolution of communities (M.L. Cody & J.M. Diamond, eds). Belknap
Press, Cambrigde, Massachusetts, London, p.342-444.

DIAS, E.J.R. & ROCHA, C.F.D. 2005. Os Répteis nas restingas do Estado
da Bahia: pesquisa e a¢des para sua conservagdo. Instituto Biomas, Rio
de Janeiro, 36p.

DIAS, E.J., ROCHA, C.F.D. & VRCIRBRADIC, D. 2002. A new
Cnemidophorus (Squamata; Teeidae) from Bahia State, Northeatern
Brazil. Copeia 4:1070-1077. http://dx.doi.org/10.1643/0045-
8511(2002)002[1070:NCSTFB]2.0.CO;2

DOAN, T.M. & ARRIAGA, W.A. 2002. Microgeographic variation in species
composition of the herpetofaunal commities of Tambopata region, Peru.
Biotropica 34(1):101-117.

FITZPATRICK, S., BRASILEIRO, C.A., HADDAD, C.F.B. & ZAMUDIO,
K.R.2009. Variation in genetic structure of an Atlantic coastal Forest frog
reveals regional differences in habitat stability. Mol. Ecol. 18:2877-2896.
PMid:19500257. http://dx.doi.org/10.1111/j.1365-294X.2009.04245 x

FREITAS, A.F.N., COGLIATTI-CARVALHO, L., VAN-SLUYS, M. &
ROCHA, C.F.D. 2000. Distribuicdo espacial de bromélias na restinga
de Jurubatiba. Acta. Bot. Bras. 14(1):175-180.

FROST, D.R.2011. Amphibian Species of the World 5.5, an Online Reference.

http:/www.research.amnh.org/vz/herpetology/amphibia/ (dltimo acesso
em 07/01/2011).

GIASSON, L.O. 2008. Atividade sazonal e uso de ambiente por anfibios da
Mata Atlantica do alto da Serra do Mar. Tese de doutorado, Universidade
Estadual Paulista, Rio Claro.

GILLESPIE, G., HOWARD, S., LOCKIE, D., SCROGGIE, M. &
BOEADI. 2005. Herpetofaunal richness and community structure of
offshore islands of Sulawesi, Indonesia. Biotropica 37(2):279-290. http://
dx.doi.org/10.1111/1.1744-7429.2005.00038.x

HADDAD, C.F.B. & HODL, W. 1997. New reproductive mode in anurans:
bubble nest in Chiasmocleis leucosticta (Microhylidae). Copeia (3):585-
588. http://dx.doi.org/10.2307/1447563

HADDAD, C.F.B. & PRADO, C.P.A. 2005. Reproductive modes
in frogs and their unexpected diversity in the Atlantic forest of
Brazil. BioScience 55:207-217. http://dx.doi.org/10.1641/0006-
3568(2005)055[0207:RMIFAT]2.0.CO;2

HARTMANN, M.T. 2004. Biologia reprodutiva de uma comunidade de
anuros (amphibia) na Mata Atlanctia (Picinguaba, Ubatuba, SP). Tese
de doutorado, Universidade Estadual Paulista, Rio Claro.

HEYER, W.R., DONNELY, M.D., MACDIARMID, R.W.,HAYEK, L.C. &
FOSTER, M.S. 1994. Measuring and Monitoring Biological Diversity.
Standard Methods for Amphibians. Smithsonian Institution Press,
Washington, London.

HEYER, W.R., RAND, A.S., CRUZ, C.A.G., PEIXOTO, O.L. & NELSON,
C.E. 1990. Frogs of Boracéia. Arq. Zool. 31:231-410.

IZECKSOHN, E. & CARVALHO-E-SILVA, S.P. 2001. Anfibios do
Municipio do Rio de Janeiro. Editora da UFRRJ, Rio de Janeiro.

LAMPARELLI, C.C. 1999. Mapeamento dos ecossistemas costeiros do Estado
de Sao Paulo. Paginas & Letras, Sao Paulo.

LAURENCIO, D. 2009. Amphibians and reptiles from Reserva Natural
Absoluta Cabo Blanco, province of Puntarenas, Costa Rica. Check
List 5(3):446-459.

http://www .biotaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br/v10n1/pt/fullpaper?bn00610012010+pt
http://www.biotaneotropica.org.br/v10n1/pt/fullpaper?bn00610012010+pt
http://dx.doi.org/10.2307/1565223
http://dx.doi.org/10.2307/1565223
http://dx.doi.org/10.1670/0022-1511(2007)41[271:ANISOS]2.0.CO;2
http://dx.doi.org/10.1670/0022-1511(2007)41[271:ANISOS]2.0.CO;2
http://dx.doi.org/10.1655/0018-0831(2007)63[501:ANATIS]2.0.CO;2
http://www.biotaneotropica.org.br/v5n2/pt/abstract?article+BN00405022005
http://www.biotaneotropica.org.br/v5n2/pt/abstract?article+BN00405022005
http://www.biotaneotropica.org.br/v8n1/pt/abstract?inventory+bn02608012008
http://www.biotaneotropica.org.br/v8n1/pt/abstract?inventory+bn02608012008
http://www.biotaneotropica.org.br/v8n3/pt/fullpaper?bn00608032008+en
http://www.biotaneotropica.org.br/v8n3/pt/fullpaper?bn00608032008+en
http://viceroy.eeb.uconn.edu/estimates
http://viceroy.eeb.uconn.edu/estimates
http://dx.doi.org/10.1016/0006-3207(75)90052-X
http://dx.doi.org/10.1643/0045-8511(2002)002[1070:NCSTFB]2.0.CO;2
http://dx.doi.org/10.1643/0045-8511(2002)002[1070:NCSTFB]2.0.CO;2
http://dx.doi.org/10.1111/j.1365-294X.2009.04245.x
www.research.amnh.org/vz/herpetology/amphibia
http://dx.doi.org/10.1111/j.1744-7429.2005.00038.x
http://dx.doi.org/10.1111/j.1744-7429.2005.00038.x
http://dx.doi.org/10.2307/1447563
http://dx.doi.org/10.1641/0006-3568(2005)055[0207:RMIFAT]2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2005)055[0207:RMIFAT]2.0.CO;2

260

Biota Neotrop., vol. 12, no. 1

Zina, J. et al.

LEIBOLD, M.A. & MIKKELSON, G.M. 2002. Coherence, species
turnover and boundary clumping: elements of metacommunity
structure. Oikos 97(2):237-250. http://dx.doi.org/10.1034/j.1600-
0706.2002.970210.x

MACARTHUR, R.H. & WILSON, E.O. 1967. The theory of island
biogeography. Princeton University Press, Princeton.

MAGALHAES, N.W. 2003. Descubra o Lagamar: pélo de ecoturismo Vale
do Ribeira-Lagamar. Terragraph artes e informdtica, Sdo Paulo.

MARTIN, L. & SUGUIO, K. 1978. Comprida Island: Um exemplo de ilha-
barreira ligado as flutuagdes do nivel marinho durante o Quaternario. In:
Congresso Brasileiro de Geologia. Sociedade Brasileira de Geologia,
Recife, p.905-912.

MARTIN, L. & SUGUIO, K. 1989. Excursion route along the Brazilian coast
between Santos (State of Sao Paulo) and Campos (North of State of Rio
de Janeiro). In: International Symposium on Global changes in South
America during the Quarternary Past-Future. Associacdo Brasileira de
Estudos do Quaterndrio, Sao Paulo. p.1-136. (Special Publ., no.2).

NARVAES, P., BERTOLUCI, J. & RODRIGUES, M.T. 2009. Anurofauna
da Floresta de Restinga da Esta¢do Ecoldgica Juréia-Itatins, Sudeste do
Brasil: composicao de espécies, uso de hébitat e estacdes reprodutivas.
Biota Neotrop. 9(2): http://www.biotaneotropica.org.br/vOn2/pt/
fullpaper?bn02009022009+en (dltimo acesso em 07/01/2011).

ORTEGA-ANDRADE, H.M., BERMINGHAM, J., AULESTIA, C. &
PAUCAR, C. 2010. Herpetofauna of the Bilsa Biological Station,
province of Esmeraldas, Ecuador. Check List 6(1):119-154.

OSSES, F., MARTINS, E.G. & MACHADO, G. 2008. Oviposition site
selection by the bromeliad-dweller harvestman Bourguyia hamata
(Arachnida: Opiliones). J. Ethol. 26:233-241. http://dx.doi.org/10.1007/
$10164-007-0054-z

POMBAL JUNIOR, J.P. & BASTOS, R.P. 2003. Vocaliza¢des de Scinax
perpusillus (A. Lutz & B. Lutz) e S. arduous (Peixoto), como comentdrios
taxondmicos. Rev. Brazil. Zool. 20(4):607-610.

PRADO, C.P., UETANABARO, M. & HADDAD, C.F.B. 2005. Breeding
activity patterns, reproductive modes, and habitat use by anurans
(Amphibia) in a seasonal environment in the Pantanal, Brazil. Amphibia-
Reptilia 26(2):211:221.

ROCHA, C.E.D., BERGALLO, H.G., ALVES, M.A.S. & VAN SLUYS,
M. 2003. A Biodiversidade nos Grandes remanescentes florestais do
Estado do Rio de Janeiro e nas Restingas da Mata Atlantica. Insituto
Biomas & Conservation International Brasil, Editora Rima, 160p.

ROCHA, C.F.D., BERGALLO, H.G., VAN SLUYS, M., ALVES, M.A.S.
& JAMEL, C.E. 2007. The remnants of restinga habitats in the brazilian
Atlantic Forest of Rio de Janeiro state, Brazil: Habitat loss and risk of
disappearance. Braz. J. Biol. 67(2):263-273. http://dx.doi.org/10.1590/
S1519-6984200700020001 1

ROCHA, C.E.D., HATANO, F.H., VRCIBRADIC, D. & VAN-SLUYS,
M. 2008. Frog species richness, composition and b-diversity in coastal
Brazilian restinga habitats. Braz. J. Biol. 68(1):109-115. http://dx.doi.
org/10.1590/S1519-69842008000100015

ROCHA, C.F.D., VAN SLUYS, M., BERGALLO, H.G. & ALVES,
M.A.S. 2005. Endemic and threatened tetrapods in the restingas of the
biodiversity corridors of Serra do Mar and the Central da Mata Atlanticain
the eastern Brazil. Braz J. Biol. 65(1):159-168. http://dx.doi.org/10.1590/
S1519-69842005000100019

ROCHA, C.F.D., VAN SLUYS, M., HATANO, F.H., BOQUIMPANE-
FREITAS, L., MARRA, R.V. & MARTINS, R.V. 2004. Relative
efficiency of anuran sampling methods in a restinga habitat (Jurubatiba,
Rio de Janeiro, Brazil). Braz. J. Biol. 64(4):879-884. http://dx.doi.
org/10.1590/S1519-69842004000500018

SANTOS, A.J. 2003. Estimativas de riqueza em espécies. In Métodos de
estudo em biologia da conservagdo e manejo da vida silvestre (L. Cullen
Junior, R. Prudan & C. Valladares-Padua, eds.). Editora UFPR, Curitiba,
p-19-41.

http://www .biotaneotropica.org.br

SANTOS, T.G., VASCONCELOS, T.S., ROSSA-FERES, D.C. &« HADDAD,
C.F.B. 2009. Anurans of a seasonally dry tropical forest: Morro do Diabo
State Park, Sdo Paulo state, Brazil. J. Nat. Hist. 43:973-993.

SAO PAULO. 2008. Plano de manejo - Parque Estadual da Campina do
Encantado. Secretaria do Meio Ambiente do Estado de Sao Paulo;
Instituto Florestal; Fundacao Floresta, Sao Paulo.

SCARANO, F.R. 2002. Structure, function and floristic relationships of
plant communities in stressful habitats marginal to the Brazilian Atlantic
Rainforest. Ann. Bot. 90:517-524. PMid:12324276. http://dx.doi.
org/10.1093/a0b/mcf189

SILVA, H.R. & ALVES-SILVA, R. 2008. New coastal and insular species
of the bromeligenous Scinax perpusillus group, from the State of Rio de
Janeiro, Brazil (Anura, Hylidae). Zootaxa 1914:34-44.

SILVA, H.R., CARVALHO, A.L.G. & BITTENCOURT-SILVA, G.B. 2008.
Frogs of Marambaia: a naturally isolated Restinga and Atlantic Forest
remmant of southeasten Brazil. Biota Neotrop. 8(4): http://www.
biotaneotropica.org.br/v8n4/en/fullpaper?bn01808042008+en (dltimo
acesso em 07/03/2011).

SILVA-SOARES, T., HEPP, F.S.F.S., COSTA, P.N., LUNA-DIAS, C.,
GOMES, M.R., CARVALHO-E-SILVA, AM.P.T. & CARVALHO-E-
SILVA, S.P. 2010. Anfibios anuros da RPPN Campo Escoteiro Geraldo
Hugo Nunes, Municipio de Guapimirim, Rio de Janeiro, Sudeste do
Brasil. BiotaNeotrop. 10(2): http://www.biotaneotropica.org.br/v10n2/
pt/fullpaper?bn01210022010+pt (dltimo acesso em 01/07/2010).

SUGUIO, K. 1992. Diciondrio de Geologia Marinha. T. A. Queiroz Ltda.

SUGUIO, K. & MARTINS, L. 1978. Formacdes Quartendrias marinhas do
litoral paulista e sul fluminense. Instituto Oceanografico, Sao Paulo.

SUGUIO, K., TATUML, S.H., KOWATA, E.A., MUNITA, C.S. & PAIVA,
R.P. 2003. Upper Pleistocene deposits of the Comprida Island (Sao
Paulo State) dated by thermoluminescence method. An. Acad. Bras.
Ci. 75:91-96.

SUGUIO, K. & TESSLER, M.G. 1992. Depésitos quaterndrios da planicie
costeira de Cananéia-Iguape (SP). Universidade de Sdo Paulo, Sdo Paulo.
(Publicagdo Especial Instituto Oceanogréfico, no.9).

ZALUAR, H.L.T. & SCARANO, F.R. 2000. Facilitacdo em restingas de
moitas: um século de buscas por espécies focais. In Ecologia de Restingas
e Lagoas Costeiras (F.A. Esteves & L.D. Lacerda, eds.). NUPEM/UFRJ,
Macaé, p.3-23.

ZAR, J. 1996. Biostatistical analysis. Upper Saddle River Prentice Hall,
New Jersey.

ZINA, J. 2010. Estudo comparativo da taxocenose de anuros de quatro
Municipios do Lagamar Paulista. Tese de doutorado, Universidade
Estadual Paulista, Rio Claro.

ZINA, J., ENNSER, J., PINHEIRO, S.C.P., HADDAD, C.F.B. & TOLEDO,
L.F.2007. Taxocenose de anuros de uma mata semidecidua do interior do
Estado de Sao Paulo e comparagdes com outras taxocenoses do Estado,
sudeste do Brasil. Biota Neotrop. 7(2): http://www.biotaneotropica.
org.br/ v7n2/pt/abastract?article+bn00607022007 (dltimo acesso
em 03/05/2011).

WATANABE, S., ORTEGA, N.R.S., FERIA AYTA, W.E., COAQUIRA,
J.AH., CORTEZAO, S.U. & ARENAS, J.S.A. 1997. TL dating of sand
from Cananéia Island. Radiat. Meas. 27(2):371-376., K.D. 2007. The
ecology and behavior of amphibians. The University of Chicago Press,
Chicago.

WELLS, K.D. 2007. The Ecology and behavior of amphibians. The University
of Chicago Press, Chicago.

WIENS, J.J., KUCZYNSKI, C.A., HUA, X. & MOEN, D.S. 2010. An
expanded phylogeny of treefrogs (Hylidae) based on nuclear and
mitochondrial sequence data. Mol. Phylogenet. Evol. 55:871-882.
PMid:20304077. http://dx.doi.org/10.1016/j.ympev.2010.03.013

WOLDA, H. 1981. Similarity Indexes, sample-size and diversity.
Oecologia 50(3):296-302. http://dx.doi.org/10.1007/BF00344966

Received 26/09/2011
Received 25/02/2012
Accepted 28/03/2012

http://www.biotaneotropica.org.br/v12n1/en/abstract?inventory+bn02212012012


http://www.biotaneotropica.org.br
http://dx.doi.org/10.1034/j.1600-0706.2002.970210.x
http://dx.doi.org/10.1034/j.1600-0706.2002.970210.x
http://www.biotaneotropica.org.br/v9n2/pt/fullpaper?bn02009022009+en
http://www.biotaneotropica.org.br/v9n2/pt/fullpaper?bn02009022009+en
http://dx.doi.org/10.1007/s10164-007-0054-z
http://dx.doi.org/10.1007/s10164-007-0054-z
http://dx.doi.org/10.1590/S1519-69842007000200011
http://dx.doi.org/10.1590/S1519-69842007000200011
http://dx.doi.org/10.1590/S1519-69842008000100015
http://dx.doi.org/10.1590/S1519-69842008000100015
http://dx.doi.org/10.1590/S1519-69842005000100019
http://dx.doi.org/10.1590/S1519-69842005000100019
http://dx.doi.org/10.1590/S1519-69842004000500018
http://dx.doi.org/10.1590/S1519-69842004000500018
http://dx.doi.org/10.1093/aob/mcf189
http://dx.doi.org/10.1093/aob/mcf189
http://www.biotaneotropica.org.br/v8n4/en/fullpaper?bn01808042008+en
http://www.biotaneotropica.org.br/v8n4/en/fullpaper?bn01808042008+en
http://www.biotaneotropica.org.br/v10n2/pt/fullpaper?bn01210022010+pt
http://www.biotaneotropica.org.br/v10n2/pt/fullpaper?bn01210022010+pt
http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br
http://dx.doi.org/10.1016/j.ympev.2010.03.013
http://dx.doi.org/10.1007/BF00344966

