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Abstract: Many parks in the city of São Paulo contain remnants of Atlantic Forest. Of the 30 municipal parks in the 
South of the city, we investigated two in this study (Santo Dias Park and Shangrilá Park) in order to survey their 
mosquito fauna and investigate the presence of potential bioindicators of environmental conditions and vectors of 
human pathogens. Mosquitoes were collected monthly between March 2011 and February 2012 using aspirators, 
Shannon and CDC traps for adult mosquitoes and larval dippers and suction samplers for immature forms. Sampling 
�H�I�I�R�U�W���Z�D�V���H�Y�D�O�X�D�W�H�G���E�\���S�O�R�W�W�L�Q�J���D���V�S�H�F�L�H�V���D�F�F�X�P�X�O�D�W�L�R�Q���F�X�U�Y�H�����D�Q�G���W�R�W�D�O���U�L�F�K�Q�H�V�V���Z�D�V���H�V�W�L�P�D�W�H�G���X�V�L�Q�J���W�K�H���¿�U�V�W���R�U�G�H�U��
jackknife. To compare the diversity between the two parks Shannon and Simpson diversity indexes were calculated. 
Species similarity was compared by the Sorensen similarity index. In all, 8,850 specimens were sampled in both parks. 
Collections in Santo Dias Park yielded 1,577 adult mosquitoes and 658 immature individuals distributed in seven genera 
(Aedes, Anopheles, Culex, Limatus, Mansonia, Toxorhynchites and Wyeomyia) and 27 taxonomic units. Among the 
adult mosquitoes collected, Culex nigripalpus .and �$�H�G�H�V���À�X�Y�L�D�W�L�O�L�V were the most abundant, while the most abundant 
immature forms were Cx. imitator, Wy. davisi, Wy. galvaoi and Ae. albopictus. Collections in Shangrilá Park yielded 
4,952 adult specimens and 1,663 immature forms distributed in eight genera (Aedes, Anopheles, Culex, Limatus, 
Mansonia, Toxorhynchites, Uranotaenia and Wyeomyia) and 36 taxonomic units. Species accumulation curves in both 
parks were close to the asymptote, and the total richness estimate was close to the observed richness. Although the 
�R�E�V�H�U�Y�H�G���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���Z�D�V���K�L�J�K�H�U���L�Q���W�K�H���6�K�D�Q�J�U�L�O�i���3�D�U�N�����W�K�H�U�H���Z�D�V���Q�R���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q��
the diversity indexes measured. Regarding species composition, the two sites shared 16 species, including those of 
epidemiological importance such as Culex nigripalpus, Cx. quinquefasciatus, Aedes albopictus and Ae. aegypti. As some 
of the mosquito taxa found are bioindicators of environmental conditions and have epidemiological potential to carry 
�S�D�W�K�R�J�H�Q�V�����Z�H���U�H�F�R�P�P�H�Q�G���W�K�D�W���X�U�E�D�Q���S�D�U�N�V���V�K�R�X�O�G���E�H���L�Q�F�O�X�G�H�G���L�Q���R�I�¿�F�L�D�O���P�R�V�T�X�L�W�R���V�X�U�Y�H�L�O�O�D�Q�F�H���S�U�R�J�U�D�P�V�����D�Q�G���U�H�J�X�O�D�U��
surveys carried out to detect circulating arboviruses.
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Composição e diversidade de mosquitos (Diptera: Culicidae) em parques urbanos 
localizados na região Sul do município de São Paulo, Brasil

Resumo: Parques urbanos do município de São Paulo contêm remanescentes de Mata Atlântica. No sul da cidade há 
30 parques municipais, sendo os parques Santo Dias e Shangrila alvos deste estudo. Este estudo teve a proposta de 
levantamento da fauna de culicídeos desses dois parques no sul da cidade de São Paulo e avaliar a presença de potenciais 
bioindicadores e espécies vetoras de patógenos aos seres humanos. Os mosquitos foram coletados mensalmente entre 
março de 2011 e fevereiro de 2012, com aspiradores, armadilhas de Shannon e CDCs para mosquitos adultos e conchas 
entomológicas e bombas manuais de sucção para os imaturos. O esforço amostral foi avaliado por traçar uma curva 
de acumulação de espécies, e a riqueza total foi estimada pelo método jackknife de primeira ordem. Para comparar a 
diversidade entre os dois parques, foram calculados os índices de diversidade de Shannon e de Simpson. A similaridade 
na composição de espécies foi comparada pelo índice de similaridade de Sorensen. Foram coletados um total de 
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Abstract: Jaguar populations have been declining in Brazil mostly due to habitat loss and fragmentation, conflict with 
humans, poaching and reduction of prey. This is dramatically true in the Atlantic Forest, where occurrence of this large 
felid is now restricted to very few remaining areas. We used a non-invasive DNA analysis to search through felid scats 
collected in the Santa Virginia Unit (SVU) of the Serra do Mar State Park, to test for the potential presence of jaguar 
there. Our results indicated at least three individuals (two females and one male) inside SVU, thus confirming at least 
temporary presence of this top predator in this important protected area. It is now crucial to intensify studies in that 
area and surroundings, to evaluate the status of these individuals and identify conservation needs to urgently improve 
the prospects for the establishment of a resident population, allowing it to expand to adjoining units of the Serra do 
Mar State Park and Serra da Bocaina National Park.
Keywords: Panthera onca, fecal DNA, Santa Virginia Unit, Serra do Mar State Park

Redescobrindo a onça-pintada em um remanescente de Mata Atlântica costeira no sudeste 
do Brasil por análise não-invasiva de DNA

Resumo: As populações de onça-pintada têm sofrido declínio populacional devido a perda e fragmentação de habitat, 
por conflito com humanos, através da caça e pela redução da disponibilidade de suas presas. Isso é particularmente 
drástico no bioma Mata Atlântica, onde a ocorrência desse grande felino está atualmente restrita a poucos remanescentes. 
Utilizamos análise de DNA a partir de amostras de fezes para verificar a pontencial presença da espécie no Núcleo Santa 
Virgínia (NSV) do Parque Estadual da Serra do Mar. Os resultados indicaram a ocorrência pelo menos esporádica de três 
indivíduos (duas fêmas e um macho) no interior do NSV. Com isso, se torna crucial agora intensificar estudos naquela 
unidade e em áreas adjacentes, para avaliar a situação desses indivíduos e identificar as necessidades mais urgentes 
de conservação para melhorar a probabilidade de estabelecimento de uma população residente da espécie, permitindo 
que ela possa expandir para unidades de conservação vizinhas, como outros núcleos do Parque Estadual da Serra do 
Mar e o Parque Nacional Serra da Bocaina.
Palavras-chave: Panthera onca, DNA fecal, Núcleo Santa Virgínia, Parque Estadual da Serra do Mar
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Introduction
Jaguar (Panthera onca, Linnaeus 1758) populations have been steadily 

declining in Brazil, mainly since the mid-1900, due to habitat loss and 
fragmentation and because of conflicts with humans, from poaching (Zeller 
2007, Beisiegel et al. 2012) and reduction of its prey (Sanderson et al. 
2002, Beisiegel et al. 2012). Although currently considered near-threatened 
by IUCN (2016), the jaguar has been categorized as vulnerable in Brazil 
(Morato et al. 2013) and critically-endangered in the state of São Paulo 
(Bressan et al. 2009), where the largest contiguous portions of Atlantic 
Forest (AF) remain (Beisiegel et al. 2012). Originally distributed in several 
biomes in the Neotropical region, the jaguar is the only representative 
of the Panthera genus in the American continent (Sunquist & Sunquist 
2002) and has had its historic distribuiton reduced by 50% during the last 
50 years (Sanderson et al. 2002, Zeller 2007).

Because of the high level of threat, of the high endemism rate and 
species richness, the Atlantic Forest is considered one of the five hotspots 
of biodiversity in the world (Myers et al. 2000), and is now reduced to 
about 16% of its original area, distributed in thousands of small remaining 
fragments (Ribeiro et al. 2009). According to Galetti et al. (2013), the Atlantic 
Forest can be the first tropical biome to lose its largest top predator, if the 
jaguar becomes extinct. At the moment, the species is present in only a few 
remainings areas (Beiseigel et al. 2012), with an estimated total population 
of less than 250 adult individuals, mostly living inside protected areas 
(Galetti et al. 2013). The largest remaining continuous block of Atlantic 
Forest is situated in the mountains of the Serra do Mar along the Atlantic 
coast, which in the state of São Paulo, is under protection of Serra do 
Mar State Park (PESM, acronym in Portuguese). The park encompasses 
a landscape mosaic of 332,000.00 hectares (from 23°17’ to 23 24’S and 
45°03’ to 40°11’W). Representing about 7% of the original extent of 
AF (Ribeiro et al. 2009), the park is responsible for maintaining a rich 
biodiversity of this biome (São Paulo 2006).

Because of its large size, the park was divided into ten administrative 
units, which include the Santa Virginia unit, where the study was conducted 
and which is recognized for its high biodiversity (Galetti  et  al. 2009, 
Rocha‑Mendes et al. 2015). However, although the jaguar is believed to 
occur there (Rocha-Mendes et al. 2015), its presence has not been confirmed, 
after extensive camera trapping efforts between the years 2008‑2011 
(Crawshaw Jr., pers. commun.). In a recent camera trapping-based large 
scale survey on the jaguar occurrence, no individual was accounted in 
SVU (Paviolo et al. 2016).

In this study, we used a non-invasive DNA analysis to identify felid 
scats collected in the SVU, a recognized method for species identification 
(Farrel et al. 2000, Haag et al. 2009, Chaves et al. 2012, Miotto et al. 2014). 
Our results indicated at least three individuals (two females and one male) 
inside SVU, thus confirming the occurrence of this key top predator in 
this important protected area.

Material and Methods

1.Fecal samples

Twelve fecal samples were collected during 2012–2013 along roads and 
trails in the Santa Virginia unit of PESM; GPS coordinates were recorded 
for each sample. A small portion of each was preserved in 96% ethanol 
and kept in a -20 °C freezer until DNA extraction, which was later carried 
out using the QIAamp DNA Mini kit (Qiagen), following its specific 
protocol. Felid tissue samples obtained from the bank maintained by the 
Centro Nacional de Pesquisa e Conservação de Mamíferos Carnívoros – 
CENAP/ICMBIO were used as control and the DNA extraction followed 
Sambrok et al. (1989).

2. Molecular species identification

DNA amplification of two mitochondrial genes was used for species 
identification of each faeces sample. A CytB primer pair developed by 
Farrel et al. (2001) was used to amplify a fragment of the Cytochrome B 
gene, and the ATP6-DF3; ATP6-DR2 primer pair (Chaves et al. 2012) was 
used to amplify a fragment of the ATP6 gene, following the respective 
PCR protocols given by the already cited authors. All PCRs were carried 
out using a Veriti 96 Well Thermal Cycler (Applied Biosystems) and tissue 
sample DNA as a positive control.

The PCR products were sequenced in an ABI3730XL sequencer 
(Applied Biosystems). All the sequences obtained, as well as reference 
sequences obtained from GenBank, were analysed and aligned using the 
Geneious v.7.1.7 software (Kearse et al. 2012). Genetic distances between 
sequences were obtained by MEGA v.6 (Tamura et al. 2013), using Kimura 
2 Parameters model (Kimura 1980). A Neighbor-Joining tree (Saitou & 
Nei 1987), using 1000 replicates bootstrap, was constructed.

3. Individual identification

Ten microsatellite loci (FCA742, FCA146, FCA98, FCA740, 
FCA723, FCA453, FCA441, FCA391, FCA53 e FCA42) obtained 
from Menotti‑Raymond et al. (1999, 2005) were used for the individual 
identification, following PCR protocols given in Haag et al. (2010).

The PCR products were genotyped using an ABI 3730xl sequencer 
(Applied Biosystems). The fecal samples were genotyped at least in five 
independent rounds for each microsatellite locus, and only those with five 
confirmed genotypes were considered. Genotyping used the Geneious 
v. 7.1.7 software (Kearse et al. 2012).

Based on the obtained genotypes, the individual identification was 
carried out using GIMLET v.1.3.3 (Valière 2002). The probability of two 
individuals in the population randomly sharing identical genotypes for 
all of the analyzed loci was analysed assuming the presence of siblings 
(P(ID)sibs), following Waits et al. (2001).

In addition, the presence of melanic individuals was tested using 
the Melacortin 1 receptor gene (MC1R), in which melanic individuals 
are homozygous for a 15bp delection while the wild body pattern could 
be either wild allele homozygous or heterozygous (Eizirik et al. 2003, 
Haag et al. 2010). The allele pattern was identified in the Geneious software 
(Kearse et al. 2012).

4.Sexing and Kinship

The amelogenin gene was used to identify sex of the identified 
individuals, following Pilgrim et al. (2005). Each sexed individual was 
confirmed through three independent PCRs.

Kinship was analysed using the ML-Relate software (Kalinowski et al. 
2006), in which unrelated (UN), half-sibling (HS), full-sibling and/or 
parental-offspring (FS/PO) individuals were categorized.

Results and Discussion
Both fragments from ATP6 and CytB gene were successfully amplified 

for all 12 fecal samples. Blasting these sequences against the reference 
sequences obtained from blood samples and from GenBank, three of them 
were identified as belonging to jaguar, and nine from Puma concolor. 
The neighbor-joining-tree recovered these three jaguar samples within the 
group of Panthera onca (Figure 1), reinforcing that the method used was 
able to correctly identify the species who deposited the faeces collected. 
The ATP6 and CytB gene have been previously used for felid identification 
(Chaves et al. 2012, Miotto et al. 2014, Wultsch et al. 2016), and proved 
to be a powerful molecular marker for this group of carnivores.
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The microsatellite analysis of the three jaguar samples identified three 
different individuals, based on the genotypes produced by the ten loci 
used, with significant probability (P(ID)SIBS=0,0096). All three individuals 
showed at least one different allele for each locus analysed (Table 1). These 
results are quite surprising and indicate that three individuals are at least 
temporarily using the SVU (Figure 2). The presence of this large carnivore 
highlights the importance of this conservation unit and that it maintains a 
high degree of habitat integrity, with its high species diversity (Ripple et al. 
2014, Rocha-Mendes et al. 2015). Moreover, this fact likely ensures more 
stability to this ecosystem since the jaguar has an important role on a 
top‑to-down population control (Terborgh et al. 2001). Testing for body 
color pattern, no mutational signal (15 bp deletion) in the melanism‑related 
MC1R gene (Eizirik et al. 2003) was observed, suggesting the absence of 
melanism among the identified individuals.

Table 1 – Individual microsatellite alleles from the 10 loci genotyped. The “-” representes non-confirmed genotype.
Microsatellite loci

FCA441 FCA391 FCA98 FCA42 FCA53 FCA723 FCA740 FCA742 FCA453 FCA146
Sample Sex Genotype Genotype Genotype Genotype Genotype Genotype Genotype Genotype Genotype Genotype

SM3 F 161/161 - 189/189 276/276 214/218 - 246/258 127/205 186/210 185/185
SM6 F 153/153 197/269 183/186 - 218/226 177/177 206/258 127/197 210/210 164/164
SM12 M 157/157 237/241 183/183 244/248 - - 190/190 133/137 210/226 149/149

Figure 1 - Neighbor Joining tree highlighting the Panthera onca group. SV03, SV06 and SV12 sequences obtained from three fecal samples in the Santa Virginia Unit 
(SVU); P. onca (CAR048-11, CAR050-11- CAR053-11, CAR215-11- CAR217-11, CAR209-11, CAR260-11, CAR261-11 e CAR325-11) and F. catus (CAR051-11) 
sequences obtained in the BOLD systems; L. trigrinus, P. concolor, P. yagouaroundi, L. pardalis, L. wiedii and P. onca sequences obtained here from tissue samples.

Two females and one male were identified, after sexing with the 
amelogenin gene. Although the presence of two females may suggest some 
level of residence in the area, this remains to be investigated. The partnership 
analysis showed no kin relation among these animals, being not able to 
detect philopatry which might support an idea of residence. Therefore, the 
presence of jaguar in Santa Virginia increases the importance of this area for 
conservation of PESM, with a possibility, if this incipient potential population 
is well protected, to serve as a source area for adjacent conservation units, 
including other sectors of PESM (Cunha, Picinguaba, Caraguatatuba) and 
the Serra da Bocaina National Park. Thus, it is our recommendation that 
more efforts are concentrated in the SVU and neighboring areas, using all 
methods available, including track and scat surveys, camera traps, and, as 
possible, GPS-satellite telemetry to collect more information on the status 
of jaguar in the area, and direct conservation efforts to ensure the presence 
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of the species in the region. This continuum of the Serra do Mar Atlantic 
Forest is considered high priority for conservation of this species (Zeller 
2007, Paviolo et al. 2016) and our results can provide new momentum to 
implement an efficient management plan for the UC - SVU, taking into 
consideration all the requirements for the long term persistence of the jaguar.

Acknowledgements
The authors thank João Paulo Villani, Director of Núcleo Santa Virgínia 

and COTEC for collection permission. CENAP (Centro Nacional de 
Pesquisa e Conservação de Mamíferos Carnívoros) for providing samples 
used in control tests and as reference samples. This work is due to Sisbiota 
network - Top Predators, and the authors are thankful to Fundação de 
Amparo à Pesquisa do Estado de São Paulo (FAPESP - 2010/52315-7) 
and Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq - 563299/2010-0) for financial support. ASMCS thanks FAPESP 
(2012/00534-2), BHS thanks FAPESP (2013/24453-4) and PMGJr thanks 
CNPq (308385/2014-4).

Author Contributions
a) Substantial contribution to the conception and design of the work: 
Andiara Silos Moraes de Castro e Souza and Pedro Manoel Galetti Jr.;
b) Contribution to data acquisition: Andiara Silos Moraes de Castro e 
Souza, Bruno Henrique Saranholi and Pedro Manoel Galetti Jr.;
c) Contribution in the analysis and interpretation of data: Andiara Silos 
Moraes de Castro e Souza, Bruno Henrique Saranholi, Peter G. Crawshaw 
Jr. and Pedro Manoel Galetti Jr.;
d) Contribution in the writing of the work: Andiara Silos Moraes de Castro e 
Souza, Bruno Henrique Saranholi, Peter G. Crawshaw Jr., Agustin Paviolo, 
Lilian Elaine Ranpim, Leonardo Sartorello, Pedro Manoel Galetti Jr.;
e) Contribution in critical review adding intellectual content: Andiara Silos 
Moraes de Castro e Souza, Bruno Henrique Saranholi, Peter G. Crawshaw 
Jr., Agustin Paviolo, Lilian Elaine Ranpim, Leonardo Sartorello, Pedro 
Manoel Galetti Jr.

Conflicts of interest 
The author(s) declare(s) that they have no conflict of interest related 

to the publication of this manuscript.

References

BEISIEGEL, B.M., SANA, D.A. & MORAES-JÚNIOR, E.A. 2012. The jaguar in 
the Atlantic Forest. Cat News Special Issue. 7:14-18.

BRESSAN, P.M., KIERULFF, M.C.M. & SUGIEDA, A.M. 2009. Fauna ameaçada 
de extinção no Estado de São Paulo. São Paulo: Fundação Parque Zoológico 
de São Paulo, Secretaria do Meio Ambiente.

CHAVES, P.B., GRAEFF, V.G., LION, M.B., OLIVEIRA, L.R. & EIZIRIK, E. 
2012. DNA barcoding meets molecular scatology: short mtDNA sequences 
for standardized species assignment of carnivore noninvasive samples. Mol. 
Ecol. Resour. 12(1): 18-35.

EIZIRIK, E., YUHKI, N., JOHNSON, W.E., MENOTTI-RAYMOND, M., HANNAH, 
S.S. & O’BRIEN, S.J. 2003. Molecular Genetics and Evolution of Melanism 
in the Cat Family. Curr. Biol. 13.5(4): 448–453.

FARRELL, L.E., ROMAN, J. & SUNQUIST, M. E. 2000. Dietary separation of 
sympatric carnivores identified by molecular analysis of scats. Mol. Ecol. 
9(10): 1583-1590.

GALETTI, M., EIZIRIK, E., BEISIEGEL, B., FERRAZ, K., CAVALCANTI, S., 
SRBEK-ARAUJO, A.C, CRAWSHAW, P., PAVIOLO, A., GALETTI jr., P.M., 
JORGE, M.L., MARINHO-FILHO, J., VERCILLO, U. & MORATO, R. 2013. 
Atlantic rainforest’s jaguars in decline. Science. 342(6161):930-930.

HAAG, T., SANTOS, A.S., SANA, D.A., MORATO, R.G., CULLEN jr., L. 
CRAWSHAW JR, P.G., DE ANGELO, C., DI BITETTI, M.S., SALZANO, 
F.M. & EIZIRIK, E. 2010. The effect of habitat fragmentation on the genetic 
structure of a top predator: loss of diversity and high differentiation among 
remnant populations of Atlantic Forest jaguars (Panthera onca). Mol. Ecol. 
19: 4906–4921.

HAAG, T., SANTOS, A. S., DE ANGELO, C., SRBEK-ARAUJO, A. C., SANA, 
D. A., MORATO, R. G., SALZANO, F.M. & EIZIRIK, E. 2009. Development 
and testing of an optimized method for DNA-based identification of jaguar 
(Panthera onca) and puma (Puma concolor) faecal samples for use in ecological 
and genetic studies. Genetica. 136(3): 505-512.

IUCN. The IUCN Red List of Threatened Species. Version 2016-2. <www.iucnredlist.
org>. Ultimo acesso em 07/03/2017.

KALINOWSKI, S.T., WAGNER, A.P. & TAPER, M.L. 2006. ML‐ Relate: a computer 
program for maximum likelihood estimation of relatedness and relationship. 
Mol. Ecol. Notes. 6(2): 576-579.

KEARSE, M., MOIR, R., WILSON, A., STONES-HAVAS, S., CHEUNG, M., 
STURROCK, S., BUXTON, S., COOPER, A., MARKOWITZ, S., DURAN, 
C., THIERER, T., ASHTON, B., MENTJIES, P. & DRUMMOND, A. 2012. 
Geneious Basic: an integrated and extendable desktop software platform for the 
organization and analysis of sequence data. Bioinformatics. 28(12): 1647-1649.

KIMURA, M. 1980. A simple method for estimating evolutionary rates of base 
substitutions through comparative studies of nucleotide sequences. J. Mol. 
Evol. 16:111–120.

MENOTTI-RAYMOND, M., DAVID, V.A., LYONS, L.A., SCHÄFFER, A.A., 
TOMLIN, J.F., HUTTON, M.K. & O’BRIEN, S.J. 1999. A genetic linkage 
map of microsatellites in the domestic cat (Felis catus). Genomics. 57(1): 9-23.

MENOTTI-RAYMOND, M.M., DAVID, V.A., WACHTER, L.L., BUTLER, J.M. & 
O’BRIEN, S.J. 2005. An STR forensic typing system for genetic individualization 
of domestic cat (Felis catus) samples. J. Forensic. Sci Soc. 50: 1061–1070.

MIOTTO, R.A., CERVINI, M., KAJIN, M., BEGOTTI, R. A. & GALETTI, P. M. 
2014. Estimating puma Puma concolor population size in a human-disturbed 
landscape in Brazil, using DNA mark–recapture data. Oryx. 48(02): 250-257.

MORATO, R.G., BEISIEGEL, B.M, RAMALHO, E.E., DE CAMPOS, C.B. & 
BOULHOSA, R.L.P. 2013. Avaliação do risco de extinção da Onça-pintada 
Panthera onca (Linnaeus, 1758) no Brasil. Biodiversidade Brasileira. 1:122-132.

MYERS, N., MITTERMEIER, R.A., MITTERMEIER, C.G., DA FONSECA, G.A. 
& KENT, J. 2000. Biodiversity hotspots for conservation priorities. Nature. 
403(6772): 853-858.

PAVIOLO, A., DE ANGELO, C., FERRAZ, K.M., MORATO, R.G., PARDO, J.M., 
SRBEK-ARAUJO, A.C., BEISIEGEL, B.M., LIMA, F., SANA, D., DASILVA, 
M.X., VELÁZQUEZ, M.C, CULLEN, L., CRAWSHAW jr, P., JORGE, M.L.S.P, 
GALETTI, P.M, DI BITETTI, M., DE PAULA, R.C., EIZIRIK, E., AIDE, M.T., 
CRUZ, P., PERILLI, M., SOUZA, A.S.M.C., QUIROGA, V., NAKANO, E., 
PINTO, F.R., FÉRNADEZ, S., COSTA, S., MORAES jr, E. & AZEVEDO, F. 

Figure 2 – Santa Virgínia Unit (SVU) in the Brazilian southeastern coast (São 
Paulo state), and the location of the three DNA identified jaguar faeces samples: 
(1) Female 1; (2) Female 2; (3) Male.



5

Re-discovering jaguar by non-invasive DNA analysis

Biota Neotrop., 17(2): e20170358, 2017

http://dx.doi.org/10.1590/1676-0611-BN-2017-0358 http://www.scielo.br/bn

2016. A biodiversity hotspot losing its top predator: The challenge of jaguar 
conservation in the Atlantic Forest of South America. Scientific Reports. 6.

PILGRIM, K.L., MCKELVEY, K.S., RIDDLE, A.E. & SCHWARTZ, M.K. 2005. 
Felid sex identification based on noninvasive genetic samples. Mol. Ecol. 
Notes. 5: 60-61.

RIBEIRO, M.C., METZGER, J.P., MARTENSEN, A.C., PONZONI, F.J. & 
HIROTA, M. M. 2009. The Brazilian Atlantic Forest: How much is left, and 
how is the remaining forest distributed? Implications for conservation. Biol. 
Conserv. 142(6):1141-1153.

RIPPLE, W.J., ESTES, J.A., BESCHTA, R.L., WILMERS, C.C., RITCHIE, E.G., 
HEBBLEWHITE, M., BERGER, J., ELMHAGEN, B., LETNIC, M., NELSON, 
M.P., SCHMITZ, O.J., SMITH, D.W., WALLACH, A.D. & WIRSING, A.J. 2014. 
Status and ecological effects of the world’s largest carnivores. Science. 343: 1241484.

ROCHA-MENDES, F., NEVES, C.L., NOBRE, R.D.A., MARQUES, R.M., 
BIANCONI, G.V. & GALETTI, M. 2015. Non-volant mammals from Núcleo 
Santa Virgínia, Serra do Mar State Park, São Paulo, Brazil. Biota Neotrop. 15(1) 
http://www.biotaneotropica.org.br/v15n1/pt/fullpaper?bn00715012015+en 
(último acesso em 01/12/2016).

SAITOU, N. & NEI, M. 1987. The neighbor-joining method: a new method for 
reconstructing phylogenetic trees. Mol. Biol. Evol. 4(4): 406-425.

SAMBROOK, J., FRITSCH, E. F. & MANIATIS, T. 1989. Molecular cloning. Vol. 
2. New York: Cold spring harbor laboratory press.

SANDERSON, E.W., REDFORD, K.H., CHETKIEWICZ, C.L.B., MEDELLIN, 
R.A., RABINOWITZ, A.R., ROBINSON, J.G. & TABER, A.B. 2002. Planning 
to save a species: the jaguar as a model. Conserv. Biol. 16(1):58-72.

SÃO PAULO. 2006. Secretaria do Meio Ambiente. Plano de Manejo do Parque 
Estadual da Serra do Mar. São Paulo: Instituto Florestal. 445p.

SUNQUIST, M. & SUNQUIST, F. 2002. Wild cats of the world. University of 
chicago press.

TAMURA, K., STECHER, G., PETERSON, D., FILIPSKI, A. & KUMAR, S. 
(2013). MEGA6: molecular evolutionary genetics analysis version 6.0. Mol. 
Biol. Evol. 30(12): 2725-2729.

TERBORGH J., LOPEZ L., NUÑEZ P., RAO M., SHAHABUDDIN G., ORIHUELA 
G., RIVEROS M., ASCANIO R., ADLER G.H., LAMBERT T.D. & BALBAS 
L. 2001. Ecological meltdown in predator-free forest fragments. Science. 
294(5548):1923-6.

VALIÈRE, N. 2002. GIMLET: a computer program for analyzing genetic individual 
identification data. Mol. Ecol. Notes. 2(3): 377–379.

WAITS, L.P., LUIKART, G. & TABERLET, P.2001. Estimating the probability 
of identity among genotypes in natural populations: cautions and guidelines. 
Mol. Ecol. 10: 249–256.

WULTSCH, C., WAITS, L.P., & KELLY, M. J. 2016. A comparative analysis 
of genetic diversity and structure in jaguars (Panthera onca), pumas (Puma 
concolor), and ocelots (Leopardus pardalis) in fragmented landscapes of a 
critical Mesoamerican linkage zone. PloS one. 11(3), e0151043.

ZELLER, K. 2007. Jaguars in the new millennium data set update: the state of the 
jaguar in 2006. Wildlife Conservation Society, New York.

Received: 04/04/2017 
Revised: 24/04/2017 

Accepted: 01/05/2017 
Published online: 22/05/2017



http://www.scielo.br/bnhttp://dx.doi.org/10.1590/1676-0611-BN-2016-0252

ISSN 1676-0611 (online edition)

inventory

Biota Neotropica 17(2): e20160252, 2017
www.scielo.br/bn

Amphibians found in the Amazonian Savanna of the Rio Curiaú Environmental  
Protection Area in Amapá, Brazil

Janaina Reis Ferreira Lima1,2, Jucivaldo Dias Lima1,2, Soraia Dias Lima2, Raullyan Borja Lima Silva2 &  

Gilda Vasconcellos de Andrade3

1Universidade Federal do Amazonas, Universidade Federal do Amapá, Rede BIONORTE, Programa de 
Pós‑graduação em Biodiversidade e Biotecnologia, Macapá, AP, Brazil

2Instituto de Pesquisas Científicas e Tecnológicas do Estado do Amapá, Macapá, Amapá, Brazil
3Universidade Federal do Maranhão, Departamento de Biologia, São Luís, MA, Brazil

*Corresponding author: Janaina Reis Ferreira Lima, e-mail: janareis@yahoo.com

LIMA, J. R. F., LIMA, J. D., LIMA, S. D., SILVA, R. B. L., ANDRADE, G. V. Amphibians found in the Amazonian 
Savanna of the Rio Curiaú Environmental Protection Area in Amapá, Brazil. Biota Neotropica. 17(2): e20160252. 
http://dx.doi.org/10.1590/1676-0611-BN-2016-0252

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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Abstract: The geographical distribution of leishmaniasis has undoubtedly expanded, and is now being reported to be 
in areas that were previously non-endemic. This study therefore aimed to investigate whether there is any variation in 
the structure and in the composition of phlebotomine communities along an environmental gradient - from a mesic to 
a xeric environment, across different climatic periods (rainy and dry seasons). Furthermore, we test whether there were 
differences in sex ratio of sand flies between wet and dry environments. A total of 535 specimens of sand flies belonging 
to 18 species were recorded. Richness, abundance, and composition of species were significatively higher in the xeric 
environment (semidecidual Forest) compared to the mesic environment (Riparina Forest). We unveiled site specific 
differences in sand fly collections since the community composition changes with the geographic distance among the 
sampling points. These results led to the conclusion that for sand flies species, the environmental conditions available 
for each species could be different within the habitat taking into account the degree of humidity in the forest as well 
as the climatic season (dry or wet). The present study gives a valuable contribution to the knowledge of sand flies, as 
a group of insects, from the Atlantic Forest biome.
Keywords: Species composition, ecology, leishmaniasis, Atlantic Forest, Brazil

Distribuição da assembléia de flebotomíneos (Diptera: Psychodidae) em um  
gradiente ambiental

Resumo: A distribuição geográfica das leishmanioses, sem dúvida, tem se expandido, e agora está sendo relatada 
em áreas previamente consideradas como não endêmicas. Assim, este estudo teve como objetivo investigar se existe 
alguma variação na estrutura e na composição das comunidades de flebotomíneos ao longo de um gradiente ambiental 
– em habitats classificados como mesicos e xericos, em diferentes períodos climáticos (chuva e seca). Além disso, 
testamos se havia diferenças na razão sexual entre ambientes mais umidos e mais secos. Um total de 535 espécimes 
de flebotomíneos pertencentes a 18 espécies foram registradas. Riqueza, abundância e composição de espécies foram 
significativamente maiores nos habitats xericos (Floresta semidecidual) em comparação com os habitats mesicos 
(Floresta Ciliar). Revelamos diferenças específicas entre os habitats, nas assembleias de flebotomíneos, uma vez que a 
composição da comunidade muda com a distância geográfica entre os pontos de amostragem. Estes resultados levaram 
à conclusão de que as condições ambientais disponíveis para cada espécie de fletomonineo varia dentro do habitat, 
tendo em conta o grau de umidade na floresta assim como a estação climatica (seca-chuva). O presente estudo dá uma 
contribuição valiosa para o conhecimento da fauna de flebotomíneos, no bioma Mata Atlântica.
Palavras-chave: Composição de espécies, ecologia, leishmanioses, Floresta Atlântica, Brasil

Introduction

Phlebotomine sand flies are vectors of pathogenic organisms, such as 
Leishmania, in many regions of Brazil, which has been a major endemic 
focus of leishmaniasis for many years. The transmission of the Leishmania 
parasite species to the vertebrate host, occurs when the vertebrate host is 

bitten by infected female sand flies (Sherlock 2003). The geographical 
distribution of leishmaniasis has undoubtedly expanded, and is now 
being reported in areas that were previously known to be non-endemic 
(McCarthy et al. 2013).

The resting places of the adult sand flies vary, depending on the 
species and to on the habitat conditions such as forest floor (litter fall), 
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small shrubs and plants, mammal nests and burrows, as well as rock 
crevices (Young & Duncan 1994). In general, the activity period of sand 
flies ranges from dusk to dawn, and these insects remain at rest in natural 
shelters during most part of the day.

Sand flies are very sensitive to environmental changes. In this regard, 
soil type, land use and modification of natural habitats are critical factors 
affecting changes in the vector, reservoir population densities, and risks 
posed by leishmaniasis (Rangel & Lainson 2009).

The understanding of the variation in the community of phlebotomine 
is of major importante due to the impact it causes in human health and 
economy. One way of understanding these flies importance is through the 
description of the variation in their communities in space and time. A better 
understanding of beta-diversity patterns and their causes, demonstrates that, 
it has important practical implications for biodiversity conservation as well 
as the planning and interpretation of ecological research (Tuomisto et al. 
2003). Unfortunately, there are very few surveys of the phlebotomine fauna 
in natural systems that address beta-diversity, despite being fully aware of 
the importance of these studies in increasing our knowledge of areas where 
these insects can be found and in minimizing human contact with them.

We evaluated the influence and the relative importance of spatial and 
environmental factors in explaining the variations on phlebotomine species 

richness and composition. This study, therefore, aimed to investigate whether 
there is any variation in the structure and composition of the phlebotomine 
communities, along an environmental gradient – from Mesic (riparian 
forest) to a xeric (se midecidual forest) environment and to determine 
species richness and abundance in those environments. We hipotetize 
that the richnes and abundance will be higher in mesic enviroments and 
that the composition of the sand fly assemblage will be different with the 
distance among the sampling areas.

Material and Methods

1. Study area

The study was carried out in fragments of forest on the Santo Antônio 
de Pádua municipality, in the Rio de Janeiro state, Brazil (Figure  1). 
The vegetation in the area consists of fragments of riparian forest (mesic 
habitat)- along the Rio Pomba River, and small fragments of semidecidual 
Atlantic forest located at the top of small hills (xeric habitat) (IBGE 1992). 
The climate is classified into Köppens Aw Tropical (Alvares et al. 2013) with 
dry winter. Total annual rainfall is high, around 1600 mm. Temperatures are 
high throughout the year (average temperature is 26°C) with little variation.

Figure 1. Map showing collecting localities of sand flies at the Santo Antonio de Pádua municipality, State of Rio de Janeiro, southeastern of Brazil. Coordinates in UTM. 
The yellow pins represent the location for each transect. Source of Map: Google Maps Pro.
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2. Sampling

Four fragments of forest were selected for this study, being two of 
riparian forests and two of semideciduous forests. In each fragment, insects 
were captured in transects of 100 m (Figure 1). For the purposes of this 
study, each transect has been categorized according to the vegetation type 
– wet or mesic (riparian forest – hereafter, referred to as WE) and dry or 
xeric (semideciduous forest – hereafter, referred to as DE).

Three HP light traps (Pugedo et al. 2005) were installed along each 
of these transects, at 20 m intervals. The traps were installed at 6 pm and 
collected at 6 am the following morning, in two sampling events – 14th to 
18th February (wet season) and May 30th to June 3rd of 2013 (dry season), 
giving a total sampling effort of 72h/fragment. The collection was made 
under ICMBIO permition (10717-1) conceived to Y.A.

The collected phlebotomines were cleared in 10% potassium hydroxide, 
acetic acid, distilled water and lactophenol, and mounted in Berlese fluid 
(Langeron 1949). They were later identified according to Young & Duncan 
(1994) and Martins et al. (1978). Specimens with missing or damaged 
characters that impaired identification at the specific level were considered 
as Lutzomyia sp. The females belonging to Brumptomyia genera were not 
identified at the specific level and were considered as Brumptomyia sp..

3. Statistical analyses

The relationship between the two types of environmental gradients 
and the species richness and abundance of the specimens collected in 
the fragments inside each environment was analyzed using a one-way 
ANOVA. A t-test was used to determine whether the average male and 
female abundance was statistically different. The specimens that where not 
identified to the species level or morphotype, were considered as belonging 
to one same species in the model.

Permutational Analysis of Variance (PERMANOVA) was used to 
test the hypothesis which states that, the composition of sand flies varies 
between gradients of humidity wet (WE) and dry (DE). The measure of 
dissimilarity used was that of Bray-Curtis with 1,000 permutations, and in 
measuring the dispersion of the data, multivariate analyses of Permutation 
Distance (PERMDISP) were performed. The graphical representation of 

the variation in the composition of sandflies assemblages between seasons 
and among sampling units was illustrated by the analysis of Non-metric 
Multidimensional Scaling (NMDS).

The relationship between geographic distance and similarity in species 
composition, also known as the distance–decay in similarity relationship, 
was analyzed using simple linear regressions. A distance-decay plots 
was built (Nekola & White 1999), in order to analyze the variation in 
the compositional similarity among pairs of sampling sites, in relation to 
the geographic distance and to the climatic distance among these sites. 
The geographic matrix was built using the Euclidean distance between 
sites, based on their distances (in Km), and also using the Google Maps Pro.

Results
A total number of 535 phlebotomine specimens belonging to 18 species 

were recorded (Table 1). The following species were captured: Brumptomyia 
avellari (Costa Lima, 1932), B. guimaraesi (Coutinho & Barretto 1941), 
B. nitzulescui (Costa Lima 1932), Lutzomyia capixaba Dias, Falcão, Silva 
& Martins 1987, Lu. cortelezzii (Brethes 1923), Lu. christenseni Young & 
Duncan 1994, Lu. edwardsi (Mangabeira 1941), Lu. intermedia (Lutz & 
Neiva 1912), Lu. lutziana (Costa Lima 1932), Lu. migonei (França 1920), 
Lu. minasensis (Mangabeira 1942), Lu. pascalei (Coutinho & Barretto 
1940), Lu. quinquefer (Dyar, 1929), Lu. sallesi (Galvão & Coutinho 1939), 
Lu. sordellii (Shannon & Del Ponte 1927), and Lu. tupynambai (Mangabeira 
1942). Lutzomyia intermedia accounted for 43% of all specimens sampled, 
while Brumptomyia avellari and Brumptomyia sp. accounted for 37% of 
sampled specimens. The remaining species together, accounted for 20%.

A total number of 294 males (55%) and 241 females (45%) were 
collected (Table 1). Despite the proportion of male was slightly higher 
than that of female (Table 1), we did not find any significant difference 
between male and female abundance. The sexual ratio of the assemblage 
was 1:0.8. The difference in sex ratio was higher in WE2 – for DE1 and 
DE3, there is no difference (Figure 2A).

There was significant difference in species richness (ANOVA1,16= 5.07, 
P=0.025) and abundance (ANOVA1,16 = 7.34, P<0.001) within the sampling 
sites (Figure 2B). Higher richness and abundance was found on transects 
in xeric environments (Figure 2B).

Table 1. Sand flies species composition, total abundance and frequency, total abundance of male and female, of on wet and dry season, sampled in Santo Antonio de 
Padua Municipality, RJ, Brazil.

Species
Climatic station SEX

Total (N) %
Wet Dry ♂ ♀

Brumptomyia avellari 80 20 100 - 100 18.7
B. nitzulescui 5 0 5 - 5 0.9
B. guimaraesi 15 3 18 - 18 3.3
Brumptomyia sp. 72 24 3 93 96 17.9
Lutzomyia capixaba 1 0 0 1 1 0.2
Lu. cortelezzii 5 0 2 3 5 0.9
Lu. christenseni 1 0 0 1 1 0.2
Lu. edwardsi 3 1 1 3 4 0.8
Lu. intermedia 226 4 146 84 230 43.0
Lu. lutziana 15 4 8 11 19 3.6
Lu. migonei 5 0 4 1 5 0.9
Lu. minasensis 1 0 1 0 1 0.2
Lu. pascalei 1 0 1 0 1 0.2
Lu. quinquefer 6 1 2 5 7 1.3
Lu. sallesi 2 1 3 0 3 0.6
Lu. sordellii 4 0 0 4 4 0.8
Lu. tupynambai 13 16 0 29 29 5.4
Lutzomyia sp. 4 2 0 6 6 1.1
Total 459 76 294 241 535 100



Antonini, Y. et al.

4 Biota Neotrop., 17(2): e20160253, 2017

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2016-0253

The level of pairwise similarity among the 11 sand flies communities 
sampled, was highly variable, ranging from 0% to 73% (Bray–Curtis index, 
mean = 33.8%), considering the presence or absence of all recorded species. 
Similarity in the composition of sand flies species among the different 
pairs of transects decayed as function geographic distances among sites 
(r = -0.42, P<0.01) (Figure 3).

During the wet season, 459 specimens belonging to all 18 sampling 
species (85.7%) were collected while during the dry season, 76 individuals 
(14.3%) belonging to 10 species (Table 1) were collected. The two most 
abundant species during the wet season were L. intermedia and B. avellari. 
In dry season, Brumptomyia sp., B. avellari and L. tupynambai were the 
most abundant (Table 1).

The composition of sand flies species varied between xeric and mesic 
habitats (Permanova, R2=0.2293, P=0.038; Permidisp, F=5.72, p<0.03) 
(Figure 4). The similarity in species composition between dry and wet climatic 
period was 55%. The NMDS analyzes show that even the transects on the 
same area present different composition of species (Figure 4), however, 
there is a clear spatial separation on species composition, between xeric and 
mesic environments. The species with the widest distribution, which were 
found in 10 out of 13 transects, both in mesic and xeric were B. avellari 
and L. intermedia are responsible to group sampling sites DE1 with all WE.

Discussion
The number of species found in this study can be considered high. 

Currently, the sand fly fauna of Rio de Janeiro State has 65 species, 
belonging to the genera Brumptomyia (8 spp.) and Lutzomyia (57 spp.) 
(Carvalho et al. 2014). It is important to notice that the richness could be 

higher, if the 96 individuals of Brumptomyia could be identified to the species 
level. To the best of our knowledge, only the occurrence of L. intermedia 
had been reported in the study area (Rangel et al. 1984). Yet, the report of 
L. intermedia and L. migonei in such areas is important because these species 
are known to be vectors of cutaneous leishmaniasis agents (Lainson 1985, 
Pita-Pereira et al. 2005). Lutzomyia intermedia seems to play an important 
role in the transmission mechanism of American Cutaneous Leishmaniasis, 
due to their high degree of antrophofily and abundance, in many Brazilian 
regions, including Rio de Janeiro (Rangel & Lainson 2009), where it has 
been found to be naturally infected with Leishmania, presumably L. (V.) 
braziliensis (Rangel et al. 1984). According to Carvalho et al (2014) the 
lists of sand flies of the state of Rio de Janeiro, shows records of sand fly 
species from 46 municipalities. Otherwise the lists corresponds to only 
50% of the 92 municipalities of Rio de Janeiro State, and that some other 
species could certainly be found in other areas with future studies.

The abundance of male and female, considering the whole assemblage, 
is almost 1:1. However, between sites, and seasons, there were significant 
differences. On WE1, we found the highest proportion of males, compared 
to females. The higher proportion of males in the population have been 
previously reported and this corroborates the results obtained in studies 

Figure 2. Total abundance of male and female (A) and total richness and abundance 
(B) of phlebotomine sand flies, and at the four sampling sites, Santo Antonio de Pádua, 
RJ, Brazil. DE - Dry environment, WE – Wet environment. Bars are means ± SE.

Figure 3. NMDS showing the species composition of phlebotomine sand flies in 
transects in Dry Enviroments (DE) and Wet Enviroments (WE), Santo Antonio de 
Padua, RJ. Brazil.

Figure 4. Decay in the similarity of phlebotomine sand flies assemblages in relation 
to the geographic distance between sampling sites. Geographic distance is the distance 
in km between pair sites. Similarity in orchid-bee species composition is based on 
the Bray–Curtis index of similarity. Line represent the logarithmic regression curve.
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involving sampling of phlebotomines using light trap (Dye et al. 1991, 
Barata et al. 2004, Rosario et al 2017). For example, male sand flies are 
attracted to plants as a source of sugar meals. Plants also provide suitable 
resting, breeding and mating sites for males (Rangel & Lainson 2009).

In the present study, species richness varied a little among different 
environments on the same category of humidity, although, there were some 
differences in species composition between them. Indeed, some species are 
only present in a single site, at a very low density. The capture of certain 
species in a reduced number and their presence in only one of the studied 
areas, leads us to believe that among sand flies, differentiated degrees of 
adaptability might occur in disturbed environments and in isolated habitats 
due to land use expansion (Ready et al. 1983). Other studies showed a 
similar pattern; the phlebotomine fauna is composed of a few dominant 
species and a large number of species with few individuals (see Silva et 
al 2010, Barata et al 2011, Rosario et al 2017). Further studies must be 
undertaken, so as to evaluate the impact of anthropogenic environment 
on the wild flora and fauna of these ecosystems, by considering aspects of 
behavior, physiology and dispersion of these insects, in order to elucidate 
the changes, as to the dominance and the composition of the entomological 
fauna observed in the present study.

It was expected that on WE, the abundance of sand flies would be 
higher than the driest environment, due to its proximity to the river. While 
certain sand fly species exhibit local extinctions, others are predicted to 
adapt successfully as well as increase their relative abundance in modified 
habitats. That is the case of L. intermedia and L. whitmani, found in our 
study. Rangel and Lainson (2009) reported and relate environmental changes 
to the modification on phlebotomines habitat. All of these factors also affect 
the spatial and temporal distribution of vectors and reservoirs, which in 
turn, affect the epidemiology and dynamics of pathogen transmission to the 
human population. It is important to note that, contrary to the semidecidual 
fragments of forest sampled in this study, the remnants of Riparian Forest 
are heavily impacted by human activities and most part of the forest have 
been completely converted into pastures or agriculture fields (Yasmine 
Antonini, pers. obs). The same result was found in other studies in forest 
fragments (Azevedo et al. 2011). According to Martin & Rebêlo (2006), this 
low frequency may be associated with various factors, such as the absence 
of a source of blood meals and shelters around the vicinity of the collection 
points, and the small area of influence of the light traps (5 m) (Dye et al. 
1991). Nonetheless, some species exist naturally at very low densities, 
and their populations can, therefore, suffer considerable reductions in 
size of small fragments, making them more vulnerable to local extinction.

The species composition changes from the wet to the dry season, and also 
among sampling sites. The low similarity is an evidence of high seasonality 
of the assemblage. Lutzomyia intermedia, for example, is very seasonal, 
presenting a higher abundance during wet season. Regarding seasonality, 
previous studies also reported a higher frequency of L. intermedia in wet 
and warmer months (Gouveia et al. 2012). Lutzomyia migonei, L. lutziana 
and Brumptomyia sp. were also found in higher abundance during this 
period. It can be concluded that the seasonal distribution of phlebotominae 
vectors could be influenced by the characteristics of their environment 
(Barata et al. 2011).

The low similarity between pairs of habitats, taking into account, the 
distance, was expected, and our results are in agreement with a growing 
body of evidence (Ruokolainen  et  al. 2007; Vasconcelos  et  al. 2010) 
which demonstrates that environmental gradients affect the turnover of 
plant species and invertebrates stronger in the tropical forests than in 
geographic gradients.

Studies in which the environment was managed to reduce contact 
with phlebotominae vectors, indicate that the environment can influence 
seasonal and spatial distributions of vectors (Gouveia et al. 2012, Souza et al. 
2015). In the present study, B. avellari and L. tupynambai are projected 

to have the greatest increase in range size over time, perhaps due to the 
higher abundance both in DE and WE. The generalist behavior on habitat 
selection, which was formerly reported for other sand flies species should 
also be considered (Souza et al. 2015). Brumptomyia species are broadly 
distributed in America, occurring mainly in forested areas and constitute 
the group of sand flies commonly associated with armadillo burrows 
(Martins et al. 1978).

The results presented demonstrated a very dissimilar composition of 
sand flies in the two habitats (wet and dry). We found that there are site 
specific differences in sand fly collections. These observations led to a 
conclusion that environmental conditions available for each species could 
be different across the environments, taking into account the degree of 
humidity. The result of this analysis could be explained by the behavioral 
differences that exist between the most abundant species of the two 
environments.

The entomologic biodiversity of the Atlantic Forest, the most impacted 
vegetation type in Brazil, is not completely known and for sand flies, 
there are few studies. According to the Fundação SOS Mata Atlântica, 
the remnants of forest in Rio de Janeiro State is less than 10% of the 
original Biome. The findings presented in this study make up the first 
information regarding the sand fly fauna found in these forest fragments 
in the Atlantic Forest and contribute to the knowledge on this insect group 
distribution, as well as to the better understanding of the leishmaniasis 
vector epidemiology in the Southeastern region. The present study brings 
an important contribution to the knowledge of sand flies, as a group of 
insects and the potential threats imposed by them in animal population due 
to disease transmission, in the the Atlantic Forest biome. It also creates 
more awareness on the importance of maintaining these forest areas for 
the balance of the entomological populations and their interaction with 
the neighboring community.
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