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Abstract: The Conde municipality is located in the northern coast of the state of Bahia (NC), northeastern Brazil,
and is part of the Atlantic Tropical domain. The anuran fauna of the northern portion of the NC is still poorly
known if compared to the southern portion. The Restinga is one of the predominant environments of the coastal
plains of the NC and it is characterized essentially by presenting sandy soil covered by herbaceous and shrubby
vegetation. The objective of this study was to determine the anuran species composition and diversity for the
Restinga of the Conde municipality. Sampling was carried out at night by active search over four periods of five
consecutive days each, two over the ‘main rainy season’ and two in a ‘lesser rainy season’, using 14 sample units
(SUs) and five extra sample plots (EPs). We calculated dominance and species diversity using the Berger-Parker and
Shannon-Wiener H’ indices, respectively. We used accumulation curves and the Jackknife 1 estimator to estimate
anuran species richness, considering only the data obtained from the SUs. We recorded 713 anuran specimens
distributed within 33 species, 13 genera and five families (Bufonidae, Craugastoridae, Hylidae, Leptodactylidae
and Microhylidae). The Hylidae and Leptodactylidae families had the highest species richness. Considering only
the SUs (Jackknife 1 estimator in brackets), we recorded 28 species in the study area (33.9 + 2.3), 13 in Shrubby
Vegetation Zones - SVZ (20.8 £ 2.9) and 25 in Freshwater Wetland Zones - FWZ (28.9 = 1.9). The abundance and
species diversity of the FWZ (n = 638 specimens; H’= 2.4) were higher than those recorded for the SVZ (n = 52
specimens; H’ = 1.9). The SVZ and FWZ showed distinct dominant species, wherein Pristimantis paulodutrai
was the dominant species in SVZ and Scinax fiscomarginatus in FWZ. The Restinga of the Conde municipality
stands out as the one with the highest anuran species richness already recorded considering only SVZ and FWZ.
Moreover, its anuran species composition represented 55% of the anuran species known for the NC and included
taxa common to three different morphoclimatic domains (Tropical Atlantic, Cerrado and Caatinga).
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Resumo: O municipio de Conde situa-se no litoral norte do estado da Bahia (LN), nordeste do Brasil, e esta
inserido no dominio Tropical Atlantico. A fauna de anuros da porgao setentrional do LN ainda ¢ pouco conhecida
se comparada a porcdo sul. A Restinga ¢ um dos ambientes predominantes das planicies costeiras do LN, sendo
caracterizada essencialmente por apresentar solo arenoso e vegetacdo herbacea e arbustiva. O objetivo deste
estudo foi determinar a composi¢do ¢ a diversidade de espécies de anuros da Restinga do municipio de Conde.
A amostragem foi realizada por procura ativa noturna, durante quatro periodos de cinco dias consecutivos cada,
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dois na estagdo ‘mais chuvosa’ e dois em estacdo ‘menos chuvosa’, utilizando-se 14 unidades amostrais (UAs) e
cinco pontos amostrais extras (PEs). Calculamos a dominancia e a diversidade de espécies utilizando os indices
de Berger-Parker e de Shannon-Wiener-H’. Utilizamos curvas de acumulaggo de espécies e o estimador Jackknife
1 para estimar a riqueza de espécies de anuros, considerando-se somente os dados obtidos nas UAs. Registramos
713 espécimes de anuros distribuidos em 33 espécies, 13 géneros e cinco familias (Bufonidae, Craugastoridae,
Hylidae, Leptodactylidae e Microhylidae). As familias Hylidae e Leptodactylidae apresentaram as maiores riquezas
de espécies. Considerando-se somente UAs (estimador Jackknife 1 entre paréntesis) foram registradas 28 espécies
na area de estudo (33,9 +2,3), 13 nas zonas de moitas (20,8 = 2,9) e 25 nas zonas imidas (28,9 = 1,9). A abundéncia
e a diversidade de espécies para as zonas Umidas (n = 638 espécimes; H’ = 2,4) foram superiores as registradas
para as zonas de moitas (n = 52 espécimes; H”=1,9). As zonas de moitas e imidas exibiram espécies dominantes
distintas, sendo Pristimantis paulodutrai a espécie dominante para as zonas de moitas e Scinax fuscomarginatus
para as zonas umidas. A Restinga do municipio de Conde desponta como aquela de maior riqueza de espécies de
anuros ja registrada considerando-se somente zonas de moitas e zonas umidas. Além disso, sua composigao de
espécies de anuros representou 55% do total de espécies de anuros conhecidas para o LN e incluiu taxons comuns

a trés diferentes dominios morfoclimaticos (Tropical Atlantico, Cerrado e Caatinga).

Palavras-chave: inventario, riqueza de espécies, zonas umidas, zonas de moitas, planicies costeiras.

Introduction

The northern coast of the state of Bahia (NC) is part of the Tropical
Atlantic Domain (Ab’Saber 1977) and is essentially covered by the
Atlantic Forest, a global biodiversity hotspot (Myers et al. 2000). The
Restinga is one of the environments that shape this domain and is
continuously distributed along the 200 km of coastal plains of the NC.
This is a Quaternary habitat, characterized by sandy soils with high salt
concentration, and covered predominantly by herbaceous and shrubby
xerophytic vegetation under direct sunlight, the ‘open Restinga’ of
Xavier et al. (2015).

The fauna and flora of the Restingas may represent a mosaic of
species coming from adjacent and contiguous ecosystems, such as the
Atlantic Forest (e.g., Freire 1990; Araujo 1992; Carvalho-e-Silva et al.
2000). Concerning the Restingas of northeastern Brazil, Xavier et al.
(2015) identified them as a biotic element of distinct nature regarding
ecological and biogeographical distribution of the anuran fauna,
including species from three distinct morphoclimatic domains (Cerrado,
Caatinga and Tropical Atlantic domains), which is of great importance
because almost all previously known natural biogeographical units in
northeastern Brazil were related to forested environments. Although
presenting singular biogeographical importance, the NC is under
pronounced degradation of its natural areas due to human activities
such as agriculture, forestry and tourism (INEMA 2015), mainly after
the construction of the highway BA-099 that has led to the progressive
conversion of Restingas into resort areas (Bastazini et al. 2007).
Furthermore, the faunistic information available in the literature for the
NC is concentrated in its southern portion and is derived from occasional
and specific studies on certain themes of interest to researchers, many
of them not formally published (M.F. Napoli, unpublished data). This is
also the case for the amphibian fauna, for which studies are concentrated
in its southern portion and emphasizing forest patches in the Mata de
Sdo Jodo municipality (e.g., Junca 2006, Bastazini et al. 2007, Dabés
etal. 2012). Indeed, the amphibians of the northern limit of the NC are
represented in herpetological collections mainly by specimens obtained
from sporadic and occasional inventories, which points to the urgency
in the development of faunistic and ecologic studies for the region. The
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lack of information about amphibians in their natural environments
hinders conservation actions (Rocha et al. 2008), as is the case for the
Restingas of the NC.

The aim of this study is to determine the composition and diversity
(richness, dominance and relative abundance of species) of the anuran
species in the Restinga of the Conde municipality, northern coast of the
state of Bahia, northeastern Brazil, considering both shrubby vegetation
and freshwater wetland zones.

Material and Methods

1. Study Area

The study was carried out in the Conde municipality, northern
coast of the state of Bahia (NC), northeastern Brazil (Figure 1). The
NC is bordered by the municipalities of Salvador and Lauro de Freitas
to the south and by the municipality of Rio Real to the north. Along its
length there are state environmental protection areas (APAs), but no full
conservation units of integral protection. The APA of the North Coast of
the state of Bahia - APANC (““APA do Litoral Norte do Estado da Bahia™;
State Decree number 1,046 of 17 March 1992) has the greatest extent
(ca. 10 km wide and 200 km long) and covers, from south to north, the
municipalities of Mata de Sao Jodo, Entre Rios, Esplanada, Conde (the
study area) and Jandaira. The main environmental conflicts in the APA
of NC are, currently, the disorderly land use, lack of basic sanitation,
substitution of natural areas by Pinus and Eucalyptus plantations,
indiscriminate intensification of cattle raising, overfishing, degradation
of mangroves and predatory tourism in coastal districts (INEMA 2015).
The municipalities of Esplanada, Conde and Jandaira were considered
by Silva et al. (2008) as those with the most conserved areas in the NC
due to their smaller degrees of urbanization.

The Conde municipality covers a total area of approximately
965 km? (SEI 2015) and presents the widest coastal plain (314 km?)
of the northern coast of the state of Bahia (Esquivel 2006). This
municipality is bordered to the north by the Jandaira municipality, to
the west by the Rio Real municipality, to the south by the Esplanada
municipality and to the east by the Atlantic Ocean. The climate is
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Figure 1. Distribution map of 14 sample units (SUs) and five extra sample plots (EPs) within the limits of the Conde municipality, northern coast of the state of
Bahia, northeastern Brazil. (A) South America, Brazil in grey; (B) vegetation and hydrographic features of the northeastern state of Bahia, featuring the Conde
municipality; (C) polygon of the Conde municipality, highlighting its vegetation, wetlands, Restingas, main types of anthropization, samples units (P1-P14) and
extra sample plots (EP1-EPS5). SUs/EPs from freshwater wetland zones, P4-P7, P12-P14, EPS. SUs/EPs from shrubby vegetation zones, P1-P3, P§-11, EP1-EP4.

classified by the K&ppen climatic classification system as Tropical
without dry season (Af). The average monthly temperature varies from
23°C to 27°C and the monthly rainfall from 61 to 264 mm, with more
intense rainfall from April to July (Alvares et al. 2013).

The NC coastal plains are characterized as valleys partially filled
with sandy deposits of marine and continental origins, in association
with climate changes and marine transgressions and regressions during
the Quaternary (Soares & Dominguez 2012). The sampled area studied
herein was positioned alongside the coastline on areas of Holocene
and Pleistocene deposits known as marine terraces (see Dominguez
et al. 1999, Esquivel 2006, Nogueira 2006 and Bittencourt 2010 for
geological-geomorphological descriptions and maps). Wetlands of
a mosaic of shapes and sizes occur in the lowlands between these
deposits, also present in the inland valleys associated with the Barreiras
Formation of Tertiary age (Coastal Tablelands). This landscape
holds a mosaic of different types of ecosystems, such as Restingas,
wetlands (marshes and swamps), mangroves, dunes and riparian and
ombrophilous forests (Esquivel 2006). Among them, we identified
within the Restinga environment two main categories of physiognomies
that could potentially be considered anuran habitats: shrubby vegetation
zones and freshwater wetland zones (Figure 2). The shrubby vegetation
zones (SVZ) were characterized by the presence of sandy soil covered
by shrub and herbaceous vegetation, absence of water bodies, with or
without terrestrial tank bromeliads. This physiognomy is equivalent to
the ‘shrub vegetation at the beach zone’ of Bastazini et al. (2007) and
to the ‘Restinga em Moitas’ of Menezes et al. (2009). The freshwater
wetland zones (FWZ) are characterized by the presence of permanent
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or temporary freshwater bodies, with or without herbaceous and shrub
vegetation on its margins. The wetlands sampled herein correspond to
the freshwater marshes of Esquivel (2006) and Nogueira (2006), habitats
dominated by herbaceous rather than woody plant species.

2. Research Design and Field Methods

For each physiognomy (SVZ and FWZ) we selected seven areas
separated from one another by at least one kilometer to minimize biases
due to pseudoreplication (Hurlbert 1984). In each sampling area a
sample unit was established (SUs or Plots: SVZ P1-P3, P8-P11; FWZ
P4-P7,P12-P14), totaling 14 SUs measuring 60 x 25 m each. In addition
to these SUs, other five extra sample plots (EPs) were surveyed for
anurans to complement the species inventory, four of them (EP1-EP4)
located on the northernmost frontal dune near the Itapicuru river mouth
and one located near the city of Conde (EP5). These extra sampling
areas were not considered in the statistical analyses because they did not
receive the same sampling effort designed for the SUs. Geographical
coordinates of the SUs and EPs are in Table 1.

We sampled SUs in four periods of five consecutive days each: two
periods over the main rainy season (15 to 21 May and 17 to 23 July
2015) and two in a lesser rainy period (10 to 16 September and 12 to 17
November 2015). To control for temporal biases in the characterization
of the SUs, during each field campaign we distributed 50% of the SUs
into shrubby vegetation zones and the other 50% into freshwater wetland
zones. In the first and third sampling periods we sampled four SUs per
physiognomy (P1-P8) and on the second and fourth sampling periods
three SUs per physiognomy (P9-P14).
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Figure 2. Landscapes in the Restinga of the Conde municipality, northern coast of the state of Bahia, northeastern Brazil, in which the sample units
(SUs) and extra sample plots (EPs) were placed. (A) P1, a typical shrub zone, characterized by sandy soil covered by many shrubs and herbaceous
vegetation; in detail at the bottom right corner terrestrial bromeliads, the main source of water and shelter for anuran species in shrubby vegetation
zones; (B) P5, a marsh with reeds at its margins providing vegetal stratification; (C) P4, a freshwater wetland without vegetal stratification at its
borders, characterized as a temporary pond on sandy soil the surroundings of which were covered by grasses; (D) P13, southernmost SU of the study
area, placed at freshwater wetlands near forest remnants; (E) EP3, frontal dune near the northern coastal limits of the Conde municipality, featuring
the shrub vegetation at the top of the image. Photographs: R.O. Abreu, 16 May 2015.

To obtain species composition, richness and abundance we sampled
anuran species using only active search. We looked for anurans in each SU
for 20 min a day, from 18:00 to 23:00 h, over five consecutive nights per
campaign, totaling 500 min of active search per SU per field campaign. We
covered each SU with homogeneous effort (i.e., without directing effort to
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a certain species or only vocalizing species) with a team of five researchers.
All observers surveyed simultaneously each SU and the sequences of
visitation to SUs were changed randomly during the sampling period. This
procedure was performed in all campaigns for the 14 SUs, totaling 233
hours of sampling effort considering the four campaigns.
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