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Abstract: The Middle Jaguaribe River region is a poorly sampled area in the Caatingas domain, located

in the eastern Ceará State, northeastern Brazil. The Brazilian government agencies considered this region

as a priority area for conservation and inventories. In order to fill this biodiversity knowledge gap, we

conducted a ten-day rapid inventory of the anuran fauna from April 11 to 20, 2014, surveying different

physiognomies of the region. We recorded 19 anuran species belonging to five families: Bufonidae (2),

Hylidae (5), Leptodactylidae (9), Microhylidae (2) and Odontophrynidae (1). Most inventories of

Caatinga amphibians published to date have been conducted inside protected areas and/or of high

altitude (mesic areas known as "brejos de altitude"). The list we present herein contributes to the

knowledge of lowland Caatinga sites outside protected areas. We discuss our results in light of

taxonomic and geographic features of the anurans sampled.
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Resumo: A Região do Médio Rio Jaguaribe é uma área pobremente amostrada no domı́nio das

Caatingas, localizada no leste do Estado do Ceará, Nordeste do Brasil. O Ministério do Meio

Ambiente considera esta região como uma área prioritária para conservação e realização de

inventários. Com o objetivo de preencher esta lacuna do conhecimento sobre a biodiversidade, nós

conduzimos um inventário rápido da anurofauna de dez dias de 11 a 20 de Abril de 2014, amostrando

diferentes fisionomias da região. Nós registramos 19 espécies de anfı́bios anuros pertencentes a cinco

famı́lias: Bufonidae (2), Hylidae (5), Leptodactylidae (9), Microhylidae (2) e Odontophrynidae (1).

A maioria dos inventários de anfı́bios na Caatinga publicados até o presente momento foram

conduzidos em áreas de proteção e/ou de áreas de altitude (áreas mésicas conhecidas como ‘‘Brejos de

Altitude’’). A presente lista contribui para o conhecimento de áreas de baixada da Caatinga fora das

áreas protegidas. Nós discutimos os resultados à luz de caracterı́sticas taxonômicas e biogeográficas

dos anuros amostrados.

Palavras-chave: Anfı́bios, Caatinga, semiárido, lista de espécies, biodiversidade.

Introduction

The Caatingas morphoclimatic domain (Ab’Sáber 1977),

despite being considered for a long time a low diversity region

(Leal et al. 2003), has a high number of species for a semiarid

region, and several endemic taxa (Albuquerque et al. 2012).

This domain only occurs in the Brazilian territory, it is highly

threatened by habitat loss and desertification (Tabarelli et al.

2003), and only 1% of its area is inside conservation units of

integral protection (Leal et al. 2003). Furthermore, many

places have been considered important for conservation based

on meetings of scientists and policy makers, making such areas

crucial for faunal inventories and future conservation efforts in

the domain (e.g., MMA 2007, Melo et al. 2014). Some of these
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priority areas lie outside protected areas, and were selected

based on several individual or combined parameters, such as

the presence of endemic/endangered species, unique vegetation

types or geomorphological formations, lack of biological

knowledge, areas of endemism, and areas of high species

richness (Tabarelli et al. 2003, Camardelli & Napoli 2012).

Such areas that are under agriculture and deforestation

pressure may serve as connecting corridors between protected

areas, and may harbor undescribed, endemic and/or rare

species.

Data on the distribution, taxonomy, and natural history of

amphibians of the Caatingas domain are incipient, and a large

subset of the domain is still subsampled (Camardelli & Napoli

2012, Borges-Leite et al. 2014). In addition, the effort for

research in non-protected areas within the domain is quite

inexpressive (e.g. Azarbe 1999, Vieira et al. 2007, Protázio et al.

2014). Only seven areas of the State of Ceará have published

data on amphibian inventories (Borges-Nojosa & Cascon 2005,

Borges-Nojosa 2007, Borges-Nojosa et al. 2010, Loebmann &

Haddad 2010, Ribeiro et al. 2012, Borges-Leite et al. 2014), and

most of these areas, despite being included within the

Caatingas domain, do not harbour Caatinga vegetation sensu

stricto (Ab’Sáber 2003), being in fact areas that are better

characterized as Rain Forest and/or Cerrado enclaves, Coastal

areas, or a mosaic of these.

Herein, we present the results of an amphibian survey

conducted during the peak of the reproductive season in a

Caatinga area in the Ceará State, northeastern Brazil. Our aim

was to provide a list of amphibian species occurring in the area,

making data available for conservation planning at the State

and National levels.

Material and Methods

We conducted the fieldwork at the Middle Jaguaribe River

region, Jaguaribe Municipality, eastern Ceará State (Figure 1).

The Jaguaribe River Basin covers 72.440 Km2 along 610 Km in

the Ceará State, with its head at the Serra da Joaninha

(Tauá Municipality) and its mouth at the coast of Aracati

Municipality (Souza & Silva 2013). The study area is within the

Caatingas morphoclimatic domain and it is characterized by

typical Caatinga vegetation (Ab’Sáber 2003), containing

physiognomies ranging from arboreal areas to open grass

fields and rocky outcrops (Figure 2). Altitude ranged from 150

to 650 m above sea level, and local climate is Equatorial

Savanna with dry winter (Aw) according Köppen-Geiger

classification (Kottek et al. 2006). Mean annual temperature

is 26.5°C, while mean annual precipitation is 905 mm with most

rainfall concentrated from February to May (INMET).

Animals were registered during diurnal and nocturnal

visual surveys at four localities in the municipality region,

from April 11th to April 20th, 2014. We surveyed a wide variety

of environments, including ponds, brooks, forest interior,

temporary puddles, and other water bodies. These environ-

ments were sampled in four mainly sites in the Jaguaribe

region: 1 ¼ Mr. Alzir farm (shrubby Caatinga in a sloped area

near to the Serra dos Bastiões with presence of temporary

streams, temporary ponds and a small dam), 2 ¼ Pond near to

Santana’s dam (permanent water body near to big dam within

pastures and Caatinga fragments), 3 ¼ Serra do Barro

Vermelho (hill with temporary streams and temporary ponds

within a forested Caatinga), 4 ¼ Mr. Nogueirinha farm

(a grassland area with shrubs spread in a Caatinga formation,

Figure 1. Map of the Region of the Middle Jaguaribe River. Survey sites: 1 ¼ Mr. Alzir Farm; 2 ¼ Pond Near to Santana Dam; 3 ¼ Serra do
Barro Vermelho; 4 ¼ Mr. Nogueirinha Farm; square ¼ City of Jaguaribe (CE ¼ State of Ceará; PB ¼ State of Paraı́ba; RN ¼ State of Rio
Grande do Norte).
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and with small temporary ponds). Each study site was surveyed

by at least five researches simultaneously. Our field inventory

methods followed the ‘‘Complete Species Inventories’’, ‘‘Visual

Encounter Surveys’’, and ‘‘Audio Strip Transects’’ guidelines of

Heyer et al. (1994).

Voucher specimens are deposited in the herpetological

collection of ‘‘Laboratório de Anfı́bios e Répteis’’ at

‘‘Universidade Federal do Rio Grande do Norte’’

(AAGARDA), and ‘‘Museu de Zoologia’’ at ‘‘Universidade

Estadual de Feira de Santana’’ (MZFS) (Appendix 1). Collected

license was issued by Instituto Chico Mendes de Conservação da

Biodiversidade - ICMBio (license number 19828).

We perform an accumulation curve by using the individual-

based (Gotelli & Colwell 2001), through 1000 randomizations

of an abundance matrix where each column represents a species

and each row represents one sampling site. We used species

richness estimator Jacknife1 to determine the expected richness

of amphibians (Colwell & Coddington 1994, Colwell 2009).

This analysis was performed using EstimateS v.9.0.0 (Gotelli &

Colwell 2001). We build graphs using Stata v.11 for Mac

(©Stata Corp).

Results and discussion

We recorded nineteen anuran species in five families

(Table 1, Figure 3) at the Middle Jaguaribe River region:

Bufonidae (2), Hylidae (5), Leptodactylidae (9), Microhylidae

(2) and Odontophrynidae (1). None of the recorded species is

listed in the Brazilian list of endangered species or in IUCN red

list (Brasil, 2014, 101 IUCN, 2014). In fact, most of them show

wide geographic distributions and occur in two or more biomes

(Ribeiro et al. 2012, Teixeira-Jr. et al. 2012, Magalhães et al.

2013, Magalhães et al. 2014, Cavalcanti et al. 2014, Silva et al.

2014).

Regarding the sampling effort, the accumulation curve

tends to an asymptote after 267 individual sampled (Figure 4),

with richness estimator Jacknife1 recovering 20 species. Despite

the estimated richness based on the estimators suggesting one

more species for the region, the sampling seems looks enough,

reaching close its asymptote. Nevertheless, it is important to

underscore that accumulation curves rarely stabilize, mainly in

Table 1. Anurans recorded at the Middle Jaguaribe River region, Ceará
State, northeastern Brazil (period of sampling from April 11th to April
20th, 2014).

Family Species

Bufonidae Rhinella granulosa (Spix, 1824)

Rhinella jimi (Stevaux, 2002)

Hylidae Corythomantis greeningi (Boulenger,

1896)

Dendropsophus nanus (Boulenger, 1889)

Hypsiboas raniceps Cope, 1862

Phyllomedusa nordestina Caramaschi, 2006

Scinax x-signatus (Spix, 1824)

Leptodactylidae Leptodactylus fuscus (Schneider, 1799)

Leptodactylus macrosternum Miranda-

Ribeiro, 1926

Leptodactylus troglodytes Lutz, 1926

Leptodactylus vastus Lutz, 1930

Physalaemus albifrons (Spix, 1824)

Physalaemus cicada Bokermann, 1966

Physalaemus cuvieri Fitzinger, 1826

Pleurodema diplolister (Peters, 1870)

Pseudopaludicola pocoto Magalhães,

Loebmann, Kokubum, Haddad, and

Garda, 2014

Microhylidae Dermatonotus muelleri (Boettger, 1885)

Elachistocleis piauiensis Caramaschi &

Jim, 1983

Odontophrynidae Proceratophrys cristiceps (Müller, 1883)

Figure 2. Landscapes in the Middle Jaguaribe River region, State of
Ceará, northeastern Brazil, and some examples of sampled habitats:
A ¼ permanent pond in Serra do Barro Vermelho; B ¼ Santana Dam
near the survey site 2; C ¼ temporary stream in a Caatinga area at Mr.
Alzir Farm.
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tropical environments (Santos 2003). Although we carried our

survey in the rainy season, some species of the Caatinga biome

present explosive breeding behavior, coming out to breed few

nights in a year (Duellman & Trueb 1986, Wells 1977), and

these species (e.g. Dermatonotus muelleri, Physalaemus cicada,

Pleurodema diplolister and Proceratophrys cristiceps) depend

of specific rainy events. Nevertheless, we have recorded

such species considered explosive breeding or opportunistic

(Protázio et al. 2014).

Literature data on frog assemblages in Caatinga are scarce,

and most of the studies conducted inside protected areas and/

or at high altitude areas (Camardelli & Napoli 2012). In the

state of Ceará, only seven amphibian species lists have been

published (Borges-Leite et al. 2014). Four studies in high

altitude areas: Chapada do Araripe Bioregion (Ribeiro et al.

2012), the Ibiapaba plateau, (Loebmann & Haddad 2010),

Serra das Almas reserve (Borges-Nojosa & Cascon 2005) which

also sampled areas of the reserve located in the ‘‘depressão

sertaneja’’ with Caatinga vegetation strictu sensu, and Serra do

Baturité (Borges-Nojosa 2007). Three studies were conducted

in the lowland coastal region of the Ceará State: one in São

Gonçalo do Amarante Municipality (Borges-Leite et al. 2014),

and one was simultaneously carried in two sites in Caucaia and

Pacajus municipalities (Borges-Nojosa et al. 2010). However,

Figure 3. Anurans registered at the Middle Jaguaribe River region, Ceará State, northeastern Brazil: A ¼ Rhinella granulosa (AAGARDA 10216);
B ¼ Rhinella jimi (AAGARDA 10292); C ¼ Corythomantis greening (AAGARDA 10391); D ¼ Dendropsophus nanus (AAGARDA 10276); E ¼
Hypsiboas raniceps (AAGARDA 10404); F ¼ Phyllomedusa nordestina (individual not collected).
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these spots are located in the northeastern region of the Ceará

State – the most impacted area in the state by human activities –

and also in close contact with coastal lowland regions.

Our inventory is the first study evaluating a nuclear area of the

Caatingas domain in the Ceará State outside protected areas. All

species sampled are present at least in one of the other seven species

lists published for the state (Borges-Nojosa & Cascon 2005,

Borges-Nojosa 2007, Borges-Nojosa et al. 2010, Loebmann &

Haddad 2010, Ribeiro et al. 2012, Borges-Leite et al. 2014).

The species richness at the Jaguaribe Region (19 species)

can be considered high for a semiarid sensu stricto Caatinga

site. Betânia and Floresta sites in Pernambuco is the only

another within Caatingas domain which have 19 species

(Borges-Nojosa & Santos 2005). The other studies performed

in the Caatingas domain have 18 or less: Boa Vista (9),

Cabaceiras (18), São João do Cariri (16) and São José do

Bonfim (16) municipalities in state of Paraı́ba, and munici-

pality of Jacobina (17) in state of Bahia (Arzabe 1999, Protázio

et al. 2014, Vieira et al. 2007, Xavier and Napoli 2011).

Considering this high richness and lack of protected areas in

eastern Ceará State, the region is considered important for the

conservation of Caatinga anuran species.

Figure 3 (continued). Anurans registered at the Middle Jaguaribe River region, Ceará State, northeastern Brazil: G ¼ Scinax x-

signatus (AAGARDA 10241); H ¼ Leptodactylus fuscus (AAGARDA 10336); I ¼ Leptodactylus macrosternum (AAGARDA

10188); J ¼ Leptodactylus troglodytes (AAGARDA 10282); K ¼ Leptodactylus vastus (AAGARDA 10339); L ¼ Physalaemus

albifrons (AAGARDA 10254).
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Figure 3 (continued). Anurans registered at the Middle Jaguaribe River Region, Ceará State, northeastern Brazil: M ¼ couple of

Physalaemus cicada (AAGARDA ); N ¼ Physalaemus cicada (AAGARDA 10329); O ¼ Physalaemus cuvieri (AAGARDA

10394); P ¼ Pleurodema diplolister (AAGARDA 10349); Q ¼ Pseudopaludicola pocoto (AAGARDA 10335); R ¼ Dermatonotus

muelleri (AAGARDA 10209). Anurans registered at the Middle Jaguaribe River region, Ceará State, northeastern Brazil: S ¼
Elachistocleis piauiensis (AAGARDA 10251); T ¼ Proceratophrys cristiceps (AAGARDA 10401).
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Appendix 1. Voucher specimens of amphibians
collected at Middle Jaguaribe River Region, Ceará
State, Northeastern Brazil.

Corythomantis greeningi – MZFS 4818-4822, AAGARDA

10174, AAGARDA 10289, AAGARDA 10391-10395; Den-

dropsophus nanus – MZFS 4806-4879, AAGARDA 10259-

10262, AAGARDA 10264, AAGARDA 10266, AAGARDA

10276, AAGARDA 10280, AAGARDA 10296; Dermatonotus

muelleri – MZFS 4849, AAGARDA 10209; Elachistocleis

piauienses – AAGARDA 10251; Hypsiboas raniceps –

AAGARDA 10269, AAGARDA 10404; Leptodactylus fuscus

– MZFS 4823, AAGARDA 10336; Leptodactylus macrosternum –

MZFS 4809-4817, MZFS 4851, AAGARDA 10180,

AAGARDA 10182-10183, AAGARDA 10186-10189,

AAGARDA 10320, AAGARDA 10372-10374, AAGARDA

10403; Leptodactylus troglodytes – MZFS 4824-4825,

AAGARDA 10282-10283; Leptodactylus vastus – AAGARDA

10270, AAGARDA 10319, AAGARDA 10339, AAGARDA

10347; Phyllomedusa nordestina – MZFS 4782-4801,

AAGARDA 10210-10212, AAGARDA 10252, AAGARDA

10272-10275, AAGARDA 10298-10299, AAGARDA 10302,

AAGARDA 10304-10306, AAGARDA 10308, AAGARDA

10310-10311, AAGARDA 10314, AAGARDA 10316-10317,

AAGARDA 10345; Physalaemus albrifrons – MZFS 4845-4853,

AAGARDA 10190-10191, AAGARDA 10255, AAGARDA

10258, AAGARDA 10405; Physalaemus cicada –

MZFS 4855-4864, AAGARDA 10332-10334, AAGARDA

10348, AAGARDA 10375, AAGARDA 10377-10381,

AAGARDA 10397, AAGARDA 10406-10407; Physalaemus

cuvieri – MZFS 4854, AAGARDA 10295; Pleurodema diplolister

– MZFS 4892-4905, AAGARDA 10234-10238, AAGARDA

10349-10353, AAGARDA 10358-10359, AAGARDA

10362-10363; Pseudopaludicola pocoto – MZFS 4847-4848,

MZFS 4865-4878, AAGARDA 10192-10197, AAGARDA

10199, AAGARDA 10201-10202, AAGARDA 10205-10207,

AAGARDA 10385-10386, AAGARDA 10388-10389; Procera-

tophrys cristiceps – AAGARDA 10219, AAGARDA 10291,

AAGARDA 10396, AAGARDA 10398-10402; Rhinella granu-

losa – MZFS 4826-4840, AAGARDA 10214-10215,

AAGARDA 10220-10221, AAGARDA 10223, AAGARDA

10225-10229, AAGARDA 10231-10233, AAGARDA 10337,

AAGARDA 10366, AAGARDA 10410-10411; Rhinella jimi –

AAGARDA 10249, AAGARDA 10408-10409; Scinax x-signa-

tus – MZFS 4802-4805, MZFS 4880-4891, AAGARDA 10239,

AAGARDA 10241, AAGARDA 10243, AAGARDA 10245,

AAGARDA 10247-10248, AAGARDA 10279, AAGARDA

10324-10326, AAGARDA 10338, AAGARDA 10346,

AAGARDA 10367-10371
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