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Abstract: Amphibian research has grown steadily in recent years in the Amazon region, especially in the Brazilian 
states of Amazonas, Pará, Rondônia, and Amapá, and neighboring areas of the Guiana Shield. Even so, few data are 
available for the Amazonian savannas of Brazil. To contribute to the understanding of the diversity of the amphibians 
of these savannas, we surveyed 15 temporary ponds, six located in open areas, seven on the edge of savanna forest, 
and two within the forest, in the savanna of the Rio Curiaú Environmental Protection Area (EPA) in Macapá, in the 
state of Amapá, northern Brazil. Sampling occurred from May 2013 to August 2014 during periods when the ponds 
contained water. Amphibians were sampled through visual and auditory surveys conducted during both the day- and 
the nighttime periods on seven days each month over a total of 84 days. A total of 1574 individuals belonging to four 
families, 12 genera, and 28 species were recorded during the surveys. The cumulative species curve reached the asymptote, 
indicating that sampling effort was adequate. The number of species was 25% higher than that reported in other studies 
in Amazonian savannas. Twelve species were recorded for the first time in the savanna of Amapá. Lysapsus boliviana 
was the most common species (n = 332 of the individuals recorded). The greatest amphibian species richness found 
in the Rio Curiaú EPA was associated with the savanna mosaic, forest patches, lowland swamp, and temporary ponds. 
The results of this study contribute to the understanding of the diversity of amphibian species in the Guianan area of 
endemism in northern Brazil, and also the Amazonian savannas.
Keywords: Amphibians, Amazonian, Amapá, Savanna, savanna forest, species list.

Anfíbios em Savana Amazônica na Área de Proteção Ambiental do Rio Curiaú, Amapá, Brasil

Resumo: Existe um crescimento constante em estudos sobre os anfíbios Amazônicos especialmente nas regiões do 
Amazonas, Pará, Rondônia, Amapá e outras áreas no Escudo das Guianas. Porém, poucos estudos são realizados em 
Savana Amazônica no Brasil. Para diminuir esta lacuna, amostramos anfíbios em 15 lagoas temporárias, sendo seis 
em área aberta, sete com a borda próxima a mata de savana e 2 com borda interna em contato com a mata de savana na 
Área de Proteção Ambiental (APA) do Rio Curiaú em Macapá no estado do Amapá, norte do Brasil. As amostragens 
ocorreram de maio de 2013 a agosto de 2014, nos períodos em que as lagoas continham água, sete dias por mês, 
totalizando 84 dias de amostragem, através de procura visual e auditiva no período diurno e noturno. Os 1574 indivíduos 
registrados pertenciam a quatro famílias, 12 gêneros e 28 espécies. A curva de acumulação de espécies atingiu a 
assíntota, indicando que o esforço amostral foi suficiente. O número de espécies foi 25% maior que o registrado nos 
outros estudos em Savanas Amazônicas. Doze espécies foram registradas pela primeira vez em Savana Amapaense. 
Lysapsus boliviana contribuiu com o maior número de indivíduos (n=332). A maior riqueza de anfíbios nesta savana foi 
associada ao mosaico de savana, ilhas de matas de savana, florestas de várzea e lagoas temporárias existentes na APA 
do Curiaú. Os dados apresentados contribuem para preencher a lacuna de conhecimento para o Centro de Endemismo 
Guiana no norte do Brasil e em Savana Amazônica.
Palavras-chave: Anfíbios, Amazônia, Amapá, Savana, mata de savana, lista de espécies.
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Introduction
A total of 1080 amphibian species are currently known to occur in 

Brazil (Segalla et al. 2016), of which, 308 anurans, 18 caecilians, and 
five caudatans are found in Amazonia (Hoogmoed 2016a, b, Hoogmoed 
& Galatti 2016). Studies of the diversity, geographic distribution, and 
ecology of Amazonian amphibians have increased considerably over the 
past decade, especially in the Brazilian Amazon basin. These studies have 
provided a great deal of valuable data, especially for the Brazilian states of 
Amazonas (Zimmerman & Rodrigues 1990, Tocher et al. 2001, Gordo 2003, 
Neckel‑Oliveira & Gordo 2004, Vogt et al. 2007, Menin et al. 2008, Ilha & 
Dixo 2010, Lima et al. 2012, Prudente et al. 2013, Waldez et al. 2013), Pará 
(Ribeiro-Junior et al. 2008, Avila-Pires et al. 2010), Rondônia (Bernarde 
2007, Turci & Bernarde 2008), and Amapá (Lima 2008, Queiroz et al. 2011, 
Araujo & Costa-Campos 2014), as well as the countries of the Guiana Shield 
(Hoogmoed & Avila-Pires 1991, Lescure & Marty 2000, MacCulloch & 
Reynolds 2012, Reynolds & MacCulloch 2012, Cole et al. 2013).

Despite these advances, very few data are available on the amphibians 
of the Amazonian savannas of Brazil. In the state of Pará, Ávila-Pires et al. 
(2010) compiled a list of the amphibian species of the Grão-Pará Ecological 
Station, which encompasses both terra firme forests and savannas. 
Neckel‑Oliveira et al. (2000) analyzed the distribution and diversity of 
amphibians in a savanna area at Alter do Chão, Pará state. Other savanna 
studies include that of Barbosa et al. (2007), who conducted an inventory in 
Roraima, and two recent studies that focused on the amphibian community 
of Amapá (Pereira-Junior et al. 2013, Costa-Campos 2015).

The savanna of Amapá is considered to be the most recent formation 
of the Amazonian savannas, and the most similar to those of the Cerrado 
of the ancient crystalline formations of the central Brazilian plateau 
(see  Costa-Campos 2015). However, Silva  et  al. (2013) concluded 
that, while the arboreal stratum of this savana is composed of typical 
savanna plant species, the vegetation of the herbaceous-shrubby stratum 
is influenced by the anthropogenic impacts that are widespread in the 
region. The Amazonian savannas expanded through the region during 
the Cenozoic (Costa-Campos 2015), and are characterized by complex 
and heterogeneous phytophysiognomies influenced by the vegetation of 

neighboring biomes, accentuated by anthropogenic impacts (Sugai et al. 
2014, Bitar et al. 2015).

Given this, inventories in areas of Amazonian savanna, such as that 
found in the Rio Curiaú Environmental Protection Area (EPA) are essential 
for the understanding of the formation of these environments, and the fauna 
that occupy them. In the specific case of this EPA, the heterogeneity of the 
habitats found around the ponds surveyed appears to be highly favorable 
to amphibian diversity (Souza & Eterovick 2011, Fahr & Kalko 2011).

Another important aspect of the biogeography of Amapá is that it is 
located in the Guianan area of endemism (Silva et al. 2005). Avila-Pires et al. 
(2010) emphasized the need to inventory this area due to the many new 
species found in the neighboring region of northern Pará, including the 
expansion of the known ranges of many species in this state and Brazil 
as a whole.

The savanna is the second most extensive landscape in Amapá, 
and is the dominant vegetation in the Rio Curiaú EPA, with a total area 
of 9861.92  ha. Data from the Amapá State Environment Secretariat 
(SEMA 2003) show that the most common anthropogenic pressures in 
this environment are burn-off for cassava (Manihot esculenta Crantz) 
plantations and the renovation of pasture for livestock, as well as squatting 
on private landholdings. In this context, the present study inventoried the 
amphibian fauna of the Amazonian savanna found in a conservation unit 
under anthropogenic pressure, with the aim of providing guidelines for 
the conservation of amphibians in this EPA, and in the Guianan area of 
endemism as a whole.

Material and Methods

1. Study area

The Rio Curiaú Environmental Protection Area (established through State 
Law No. 431 of August 15th, 1998, 0º10’0”N and 51º2’0”W) is located north 
of the municipality of Macapá, Amapá, and encompasses approximately 
21,676 hectares (Figure 1). Lowland marshes and swamps (várzeas) are 
the predominant environments in the EPA, although approximately 35% 
of the area is covered in savanna (SEMA, 2003).

Figure 1. Location of the 15 ponds sampled in the Amazonian savanna of the Rio Curiaú Environmental Protection Area (including the surrounding area) in Amapá, 
northern Brazil.
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According to the Köppen classification, the predominant climate in the 
EPA is Tropical savanna (Aw, Peel et al. 2007). The rainy season usually 
lasts from January to June and is characterized by high precipitation 
(2500 mm, Silva et al. 2013). Average monthly temperature range from 
24.4°C to 28.4°C (Costa-Campos 2015).

2. Data collection

A total of 15 temporary ponds, six of which were located in open 
areas, seven at the edge of the forest, and two within the savanna forest 
(Figure 2) were sampled between May and September 2013 and in February 

to August 2014. Data were collected by two researchers on seven days 
per month, for a total sample of 84 field days, during both the daytime 
(09:00–15:00 h) and at night (18:00–00:00 h). The sampling period lasted 
until the complete drying of these temporary aquatic environments. All of 
the temporary ponds occupied by breeding anurans in the Rio Curiaú EPA 
were sampled, although small ponds (with an area of less than 100 m2) 
that lasted less than 15 days were excluded from the analyses due to time 
constraints. The amphibian species present at each site were recorded during 
visual and auditory surveys (Heyer et al. 1994). Searches were conducted 
in the different types of habitat and microhabitat found within each area.

Figure 2. An example of the diversity of environments found in the temporary ponds sampled in the Amazonian savanna between May 2013 and August 2014 in the Rio 
Curiaú Environmental Protection Area in Amapá, northern Brazil.
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The voucher specimens were deposited in the Collection of the Fauna 
of Amapá at the Amapá State Institute for Scientific and Technological 
Research (IEPA, Appendix 1). Sampling was authorized by the Chico Mendes 
Institute for Biodiversity Conservation (SISBIO permit 38641-4/2014).

The amphibian species richness was determined by the total number 
of species recorded during the 12 months of sampling. The Chao 2 and 
Jackknife 2 estimators of species richness were also applied to the data. 
The Chao 2 is the most appropriate for relatively small samples, such 
as that of the present study (n = 12 months), while Jackknife 2 is less 
conservative (Magurran, 2004). The analyses were run in EstimateS, 
version 9.1 (Colwell 2013).

Results and Discussion

A total of 1574 individuals belonging to four families, 12 genera, and 
28 species were recorded in the study (Table 1, Figures 3-6). The cumulative 
species richness curve (Figure 7) reached the asymptote. However, the 
number of species observed (28) was lower than that estimated by Chao 2 

(29.96±2.3 species) and Jackknife 2 (33.96±3.1 species). A similar pattern 
was observed by Gondim-Silva et al. (2016) in a study of anurans in the 
Brazilian state of Bahia.

The number of amphibian species recorded in the Rio Curiaú EPA was 
33% greater than that reported in other studies in Amazonian savannas. 
Barbosa et al. (2007) recorded 20 species in Roraima, for example, while 
Pereira-Junior et al. (2013) found the same number in an area of secondary 
forest surrounded by savanna and successional habitat on the campus of the 
Federal University of Amapá. Costa-Campos (2015) recorded 21 species 
in an area of savanna surrounded by experimental plantations on the 
grounds of the EMBRAPA campus in Amapá, while Neckel-Oliveira et al. 
(2000) found 19 species on the margins of the Tapajós River and adjacent 
lakes, in Pará.

The family Hylidae was represented by the largest number of species (18), 
followed by the Leptodactylidae (7), Bufonidae (2), and Microhylidae (1). 
The predominance of the former two families is typical of the Amazon 
region and other South America biomes (Duelman 1988, Strussmann 
2000, Gordo 2003, Neckel-Oliveira & Gordo 2004, Ilha & Dixo 2010, 
Lima et al. 2012, Waldez et al. 2013).

Lysapsus boliviana (Figure 3F), a semi-aquatic anuran that lives on 
floating vegetation (Brandão et al. 2003, Furtado, et al. 2013), was the 
most abundant species (n = 332 individuals). This species was previously 
recorded at a high density (n = 1240 individuals) in a temporary pond in 
the Rio Curiaú EPA (Furtado et al. 2014).

Twelve of the 28 species recorded in the Rio Curiaú EPA were recorded 
for the first time in the savannas of Amapá (Table 1). However, two of 
these species – Leptodactylus mystaceus and Leptodactylus petersii – are 
widespread in the terra firme forests of the Amazon basin (Lima 2008, 
Menin et al. 2008, Avila-Pires et al. 2010, Waldez et al. 2013, Lima et al. 
2015). Similarly, Hypsiboas boans, Scinax boesemani, Hydrolaetare 
schmidit, and Hamptophryne boliviana were recorded by Lima (2008) in 

Table 1. Amphibians recorded in temporary ponds in the Amazonian savanna of 
the Rio Curiaú Environmental Protection Area in Amapá, northern Brazil, between 
May 2013 and August 2014.

Family
Total 

number of 
individuals

First record 
in Amapá 
savanna

Bufonidae
Rhinella granulosa (Spix, 1824) 114
Rhinella marina (Linnaeus, 1758) 11

Hylidae
Dendropsophus nanus (Boulenger, 1889) 95 X
Dendropsophus sp 63 X
Hypsiboas boans (Linnaeus, 1758) 6 X
Hypsiboas geographicus (Spix, 1824) 7
Hypsiboas multifasciatus (Günther, 1859″1858″) 70
Hypsiboas punctatus (Schneider, 1799) 81
Hypsiboas raniceps Cope, 1862 12
Lysapsus boliviana Gallardo, 1961 332
Osteocephalus taurinus Steindachner, 1862 3
Phyllomedusa hypochondrialis (Daudin, 1800) 8
Pseudis paradoxa (Linnaeus, 1758) 23
Scinax boesemani (Goin, 1966) 27 X
Scinax fuscomarginatus (A. Lutz, 1925) 31
Scinax garbei (Miranda-Ribeiro, 1926) 69 X
Scinax nebulosus (Spix, 1824) 91
Scinax ruber (Laurenti, 1768) 65
Sphaenorhynchus carneus (Cope, 1868) 16
Sphaenorhynchus lacteus (Daudin, 1800) 19 X
Leptodactylidae
Hydrolaetare schmidti (Cochran & Goin, 1959) 5 X
Leptodactylus fuscus (Schneider, 1799) 15
Leptodactylus longirostris Boulenger, 1882 98 X
Leptodactylus macrosternum Miranda-Ribeiro, 
1926

22

Leptodactylus mystaceus (Spix, 1824) 14 X
Leptodactylus petersii (Steindachner, 1864) 15 X
Pseudopaludicola sp 259 X

Microhylidae
Hamptophryne boliviana (Parker, 1927) 3 X
TOTAL 1574 12

Figure 3. Abundance of the amphibian species recorded in the Amazonian savanna of 
the Rio Curiaú Environmental Protection Area in Amapá, northern Brazil. Lbo: Lysapsus 
boliviana, Psp: Pseudopaludicola sp., Rgr: Rhinella granulosa, Llo: Leptodactylus 
longirostris, Dna: Dendropsophus nanus, Sne: Scinax nebulosus, Hpu: Hypsiboas 
punctatus, Hmu: Hypsiboas multifasciatus, Sga: Scinax garbei, Sru: Scinax ruber, 
Dsp: Dendropsophus sp., Sfu: Scinax fuscomarginatus, Sbo: Scinax boesemani, 
Ppa: Pseudis paradoxa, Lma: Leptodactylus macrosternum, Sla: Sphaenorhyncus 
lacteus, Sca: Sphaenorhyncus carneus, Lfu: Leptodactylus fuscus, Lpe: Leptodactylus 
petersii, Lmy: Leptodactylus mystaceus, Hra: Hypsiboas raniceps, Rma: Rhinella 
marina, Phy: Phyllomedusa hypochondrialis, Hge:  Hypsiboas geographicus, 
Hbo: Hypsiboas boans, Hsc: Hydrolaetare schmidti, Ota: Osteocephalus taurinus 
e Hbol: Hamptophryne boliviana.
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Figure 4. Anuran amphibians recorded in the Amazonian savanna of the Rio Curiaú Environmental Protection Area in Amapá, northern Brazil. A – Rhinella marina, 
B –Hypsiboas boans, C – Hypsiboas geographicus, D – Hypsiboas multifasciatus, E –Hypsiboas punctatus and F - Lysapsus boliviana.
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Figura 5. Anuran amphibians recorded in the Amazonian savanna of the Rio Curiaú Environmental Protection Area in Amapá, northern Brazil. A – Osteocephalus taurinus, 
B – Phyllomedusa hypochondrialis, C – Pseudis paradoxa, D –Scinax boesemani, E – Scinax fuscomarginatus and F –Scinax garbei.
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Figura 6. Anuran amphibians recorded in the Amazonian savanna of the Rio Curiaú Environmental Protection Area in Amapá, northern Brazil. A – Scinax ruber, 
B – Sphaenorhyncus carneus, C – Hydrolaetare schmidti, D – Leptodactylus fuscus, E – Leptodactylus mystaceus and F – Leptodactylus petersii.
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the dense terra firme forests of the Tumucumaque Mountains National Park 
in northern Amapá, which is considered to be the world’s largest park of 
continuous tropical forest, located on the Guiana Shield. Scinax garbei, 
Scinax boesemani and Sphaenorhyncus lacteus were also recorded by 
Waldez et al. (2013) in the region of the lower Purus River in the central 
Amazonian basin in a vast, continuous mosaic landscape of terra firme 
forests and várzea.

The fact that these species (Leptodactylus mystaceus, Leptodactylus 
petersii, Hypsiboas boans, Scinax boesemani, Scinax garbei, Hydrolaetare 
schmidit, Hamptophryne boliviana, and Sphaenorhyncus lacteus) have 
been recorded in forest habitats in other studies (Lima 2008, Menin et al. 
2008, Avila-Pires et al. 2010, Waldez et al. 2013, Lima et al. 2015) suggests 
that their presence in the Rio Curiaú study area was due to the proximity 
of the ponds surveyed to the forest patches found in the local landscape. 
The phytophysiognomy of the study area in the Rio Curiaú EPA is composed 
mainly of savanna, with islands of savanna forest, and as some lakes are 
found in the vicinity of these forests, the anuran species composition may 
be enriched by this environment, due to the use of these pools by many 
forest-dwelling species that have aquatic larvae.

Recently, Doria et al. (2015) demonstrated the influence of variables 
associated with the presence of bodies of water on the distribution of anurans 
in the transition zone of the Brazilian Cerrado savanna and Caatinga dry 
forest. Further studies will be necessary to determine which variables favor 
the occupation of the savannas of the Rio Curiaú by forest-dwelling species.

In this case, it seems likely that amphibian species occurring in 
the várzea swamp forests found within the Rio Curiaú EPA used the 
nearby temporary ponds to breed, influencing the diversity of species 
encountered during the surveys. The mosaic of savanna, forest patches, 
swamps, and temporary ponds found within the Rio Curiaú EPA is thus 
extremely important for the maintenance of species, and the conservation 
of local amphibian diversity, given the occurrence in the ponds of species 
typical of the savanna, terra firme forest, and várzea swamps. Clearly, 
effective conservation measures for the EPA should focus primarily 
on the maintenance of this mosaic of environments, which favors the 
amphibian diversity of the study area.

Overall, the results of the present study provide important insights 
into the diversity of the amphibians of the Amazonian savanna, especially 
considering the scarcity of data for this environment, as highlighted by 
Azevedo-Ramos & Galatti (2001). In particular, the record of Sphaenorhynchus 

carneus in the EPA (Figura 5A) represents a southward extension of the 
known distribution of the species in the savannas of Amapá. Despite being 
widely-distributed in the Amazon basin (Azevedo-Ramos et al. 2004), only 
a single record of this species exists from Amapá, from an area of savanna in 
the district of Ariri, Macapá (Correa et al. 2015), and these populations are 
currently isolated by paved highways and soybean plantations. The results 
of the present study thus provide important insights into the diversity of 
amphibians in the Guianan area of endemism in northern Brazil and the 
Amazonian savannas.

Appendix 1: Voucher specimens of amphibians collected in the 
Amazonian Savanna in the Environmental Protection Area of Rio 
Curiaú, Amapá, northern Brazil.

Rhinella granulosa – IEPA4002, IEPA4005; Rhinella marina – IEPA4003; 
Dendropsophus sp. – IEPA4004; Dendropsophus nanus – IEPA4010, IEPA4015; 
IEPA4017; Hypsiboas boans - IEPA4007; Hypsiboas geographicus – IEPA4009; 
Hypsiboas multifasciatus – IEPA4011, IEPA4012; Hypsiboas punctatus – IEPA4006, 
IEPA4008; Hypsiboas raniceps - IEPA4013; Lysapsus boliviana - IEPA4014, 
IEPA4016; Phyllomedusa hypochondrialis – IEPA4019; Osteocephalus taurinus - IEPA 
4018; Scinax boesemani - IEPA4020, IEPA4021; Pseudis paradoxa – IEPA4035; 
Scinax fuscomarginatus – IEPA4029; Scinax garbei – IEPA4027, IEPA4030; 
Scinax nebulosus – IEPA4034, IEPA4025; Scinax ruber – IEPA4022, IEPA4026; 
Sphaenorhynchus carneus – IEPA4023; Sphaenorhynchus lacteus – IEPA4031; 
Hydrolaetare schmidti – IEPA4024; Leptodactylus fuscus – IEPA4031, IEPA4033; 
Leptodactylus longirostris – IEPA4032; Leptodactylus macrosternum – IEPA4042, 
IEPA4040; Leptodactylus mystaceus – IEPA4036, IEPA4037; 
Leptodactylus petersii – IEPA4038, IEPA4041; Pseudopaludicola sp. – IEPA4039, 
IEPA4044; Hamptophryne boliviana – IEPA4043.
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