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Abstract: The impacts of landscape alteration on herpetofauna assemblages can have negative con-
sequences in the fauna composition, related to changes in the distribution and species diversity. In 
this study was evaluated the effect of vegetation in the composition of the herpetofauna community 
in a fragmented landscape of eastern Amazon, specify in the Serra Azul region, located in the Lower 
Amazon, municipality of Monte Alegre on Pará State. We used two sampling methods: time-constrained 
searches and pitfall traps with drift fences. Sampling occurred in four localities with different land use 
history and vegetation cover. The sampling occurred during the rainy and dry seasons between the years 
2013-2014, twice on begin rainy and once on begin dry, totaling a sampling effort of 120 hours-catcher 
and traps 1.912 hours-bucket. We record 23 species of anurans and 27 species of reptiles (12 lizards, 12 
snakes, two turtles and one alligator). The species accumulation curve tended to stabilize. The richness 
of species estimated in this study was 71 (± 4.74). The richness of the community was higher in weir 
localities and crops area and lower in forest and primary forest edge localities. 

Keywords: Amazonian forest, Amphibian, Lower Amazon, Reptiles, Species richness. 

A variação na cobertura da vegetação afeta a composição da estrutura da 
herpetofauna na Serra Azul, Amazônia Oriental

Resumo: O efeito da alteração da paisagem sobre a herpetofauna pode gerar consequências negativas 
na composição da fauna, relacionadas a mudanças na distribuição e diversidade de espécies. Neste es-
tudo foi avaliado o efeito da vegetação sobre composição da comunidade de herpetofauna na floresta 
tropical, em paisagem fragmentada na Amazônia Oriental, especificamente na região da Serra Azul, 
localizada no município de Monte Alegre, no Estado do Pará. Utilizamos dois métodos de amostragem: 
busca visual limitada por tempo e armadilha de interceptação e queda com cerca guia. A amostragem 
ocorreu em quatro localidades de coleta com diferentes históricos de uso da terra, durante as duas es-
tações anuais chuva e seca entre os anos 2013-2014, totalizando um esforço de amostragem de 120 
horas-coletor e armadilhas de 1.912 horas-balde. Registramos 23 espécies de anfíbios (anuros) e 27 
espécies de répteis (12 lagartos, 12 cobras, duas tartarugas e um jacaré). A curva de acumulação das 
espécies tendeu a estabilizar. A riqueza de espécies estimada neste estudo foi de 71 (± 4,74). A riqueza 
da comunidade foi maior nas localidades do açude e área de cultivo e menor em localidades de florestas 
e bordas de florestas primárias.
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Introduction 

The effects of habitat loss as a result from 
environmental changes and the fragmentation of 
tropical forest are a major threat to local biodiver-
sity. There are several factors that can lead to the 
extinction of populations (Turner, 1996; Gascon 
1999 & Brooks et al., 2002) and cause changes 
in the composition, dominance patterns and rela-
tive abundance of species (Neckel-Oliveira et al., 
2000; Gardner et al., 2007; Silva et al., 2014).

Several studies carried out in tropical forests 
related to effect landscape changes on herpeto-
fauna assemblages infer negative consequences 
in the fauna composition related to changes in 
the distribution and species diversity (Beirne et 
al., 2013; Dixo & Martins, 2008; Schlaepfer & Ga-
vin, 2001). The discontinuity of the forest canopy 
is enhanced by edge effects that act as barriers 
for the dispersal of amphibians and reptiles (Dixo 
et al., 2009; Clark et al., 2010; Maynard et al., 
2016).

The knowledge of the herpetofauna of the 
eastern Amazon increased in the last decade as a 
result of a number of faunal studies (Ávila-Pires 
et al., 2010; Mendes Pinto et al., 2011; Bernardo 
et al., 2012; Pinheiro et al., 2012; Prudente et 
al., 2013; Vaz-Silva et al., 2013). Many studies 
are specific to this region and some areas are still 
poorly known, especially for areas located north 
of the Amazon River, which was called the forgot-
ten region of zoogeographical unit of the Guianas 
(Ávila-Pires et al., 2010).

As evidenced here, there are few studies in 
this region of Pará State, specifically in the mu-
nicipality of Monte Alegre, a region which expe-
rienced an accelerated deforestation process as 
a result of the expansion of the agricultural and 
livestock frontiers. The faunal studies of compo-
sition, richness and diversity of species of rep-
tiles and amphibians are elementary and basic 
parameters to describe biological communities, 
which in turn define conservation and monitoring 
strategies consistent with the reality of the stu-
died site (Pereira Júnior et al., 2013). Therefore, 
the goal in this study is to compare herpetologi-
cal richness in four collection localities with diffe-
rent land use history and vegetation cover, and 
analyze their structure of assembly in the Serra 
Azul region, eastern Amazon.

Materials And Methods

Study Area

The study was carried out on Sustainable 
Development Plan (PDS) Serra Azul, a territory 
with a total area of 78,000 hectares in the mu-
nicipality of Monte Alegre, located in the lower 
Amazon region, State of Pará, Brazil (Fig. 1). The 
region is in the northern area of the city, rea-
ched through the PA-254 highway, about 82 ki-
lometers from the municipal seat (1.1787 ° S, 
54.1868 ° W; WGS84). It still has a well preser-
ved forest area with predominantly dense tropical 
submontane rainforest and a rugged topography. 
Its climate is characterized by an annual rainfall 
of around 2,000 mm, average annual temperatu-
re of 25.6ºC and two well defined seasons: one 
marked by abundant rains from December to July 
and a dry season from August to November (Fro-
ta et al., 2005).

Field Data Collection

To carry out the sampling, four localities 
were chosen, categorized in open (farming mixed 
areas and forest edge), semi-open (weir) and fo-
rest (primary forest), defined as follows: 

Farming mixed areas, 1°15’27.61”S 
54°08’28.90”W: areas near streams that border 
the road with mainly citrus, cereals, banana and 
papaya crops.

Forest edge, 1°10’43.30”S 54°11’12.60”W: 
characterized by its vegetation of secondary fo-
rest or training “coops”, with little to no remaining 
natural vegetation (e.g. road, sidings and tracks 
following bank vegetation fragments).

Weir, 1°15’30.10”S 54°08’34.70”W: a small 
dam, a stream which is surrounded by a fragment 
of natural forest used for fish farming and crop 
irrigation. 

Primary forest, 1°09’51.23”S 
54°11’54.90”W: primary forest with large trees 
and dense canopy, especially trees of the Faba-
ceae, Sapotaceae and Lauraceae families.

Three field trips were made during the years 
2013-2014, lasting an average of seven days for 
a total of 21 days, comprising two annual sea-
sons, twice on begin rainy and once on begin dry. 
The sampling methods used were as follows:

Time-constrained searches (Crump & 
Scott, 1994) complemented by the hearing loca-
tion (Zimmerman, 1994). The effort took place at 
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all times of the day with two researches hiking an 
average of three hours, which resulted in a total 
120 hours-catcher.

Pitfall traps with drift fences, following the 
guidelines by Cechin & Martins (2000). Two series 
of pitfall traps were installed in a radial disposi-
tion in two sampling localities: the crop area and 
the primary forest. The pitfall traps were active 
during expeditions, totaling 1.912 hours-bucket, 
and checked twice a day, at 6am and 6pm.

Animal’s collection was made under perma-
nent license authorization to collect zoological 
material - SISBIO Number 32401 and 65141. The 
collected specimens were deposited in the Cole-
ção de Vertebrados do Laboratório de Zoologia 
– LZA in the Altamira campus of the Federal Uni-
versity of Pará under the numbers LZATM – 920-
1060. The nomenclature used herein followed 
Frost (2016), for amphibians, and Uetz (2016), 
for reptiles.

Data Analyzes

The localities were compared regarding the 
composition and species richness. The software 
used for the estimation of species richness was 
EstimateS 8.2 with 1000 randomizations in the 
order of samples, which removes any unwanted 
effect by averaging the surplus randomizations 
(Colwell, 2006). 

The nonparametric first-order Jackknife rich-
ness estimator was used to calculate species ri-
chness in non-homogeneous environments (Ma-
gurran, 2004) and sampling small animals with 
the use of traps (Burnham & Everton, 1979). 
According to Palmer (1990), among the tested 
estimators, the Jackknife was the most accurate 
and less biased estimator. A similar result was 
observed by Tobler et al. (2008).

To identify the relationship between the spe-
cies and study sites, we conducted a principal 
component analysis (PCA) using the composition 
matrix transformed by Hellinger procedure, the-
reby correcting the effect of the arc (Legendre & 
Galenger, 2001) and scores of local species ca-
tegorized by type of environment. Since the PCA 
does not test the significance of the groups, the 
difference in the structure of herpetofauna of the 
four localities was tested through the analysis of 
randomized multivariate variance (PERMANOVA) 
(Anderson, 2001) and community variation wi-
thin localities with test multivariate homogenei-
ty groups (PERMDISP) (Anderson, 2006). Both 
analyzes were based on the Jaccard similarity 
matrix in the software R 3.2.4 (R Development 
Core Team, 2015), using the Adonis and Betadis-
per functions, both implemented in vegan packa-
ge (Oksanen et al., 2016).

Results

This study recorded 337 individuals, resulting 
in a total of 23 species of amphibians (frogs) and 
27 species of reptiles (12 lizards, 12 snakes, two 
turtles and an alligator) (Fig. 2 and 3). Amphi-
bians (frogs) are distributed in seven families, of 
which Hylidae has the greatest number of species 
(7 spp.). Snakes are represented by four fami-
lies, with Colubridae as the family with the grea-
test number of species (9 spp.). In the case of 
lizards, Teiidae was the largest of the eight fami-
lies (3 spp.). Turtles comprise only two families: 
Geomydidae (1 sp.) and Testudinidae (1 sp.). 
Alligators consist of only one family: Alligatoridae 
(1 sp.) (Tab. 1).

In the degraded areas, the most abundant 
species of anurans were Ameerega hahneli, Rhi-
nella marina, and Scinax ruber, while in less de-

 

Fig. 1. Location of the herpetological collection area in the Serra Azul region, Monte Alegre, Pará, Brazil.
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Fig. 2. Some amphibians anuran recorded at the study site. A) Allobates sumtuosus; B) Ameerega hahne-
li; C) Dendropsophus minutus; D) Pristimantis chiastonotus; E) Scinax ruber; F) Pristimantis zeuctotylus; 
G) Phyllomedusa bicolor; H) Lithodytes lineatus; I) Atelopus hoogmoedi; J) Dendropsophus leucophylla-
tus; K) Rhinella gr. margaritifera; L) Hypsiboas multifasciatus; M) Rhaebo guttatus; N) Trachycephalus 
typhonius; O) Physalaemus ephippifer; P) Adenomera andreae e Q) Leptodactylus longirostris.
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Fig. 3. Some reptiles recorded at the study site. A) Rhinoclemmys punctularia; B) Anolis fuscoauratus; 
C) Tupinambis teguixin; D) Plica plica; E) Leptodeira annulata; F) Gonatodes humeralis; G) Thecadac-
tylus rapicauda; H) Dipsas variegata; I) Epicrates cenchria; J) Xenopholis scalaris; K) Erythrolamprus 
typhlus; L) Typhlophis squamosus e M) Mastigodryas boddaerti. 
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Tab. 1. Herpetofauna recorded at Serra Azul region, Monte Alegre, Pará, Brazil. Collection methods: 
(PT) pitfall traps; (TC) time-constrained searches. 

Taxon 
Collection 

Method 

LOCALITY 

Weir 
Mixed 

Farming 
Areas 

Primary 
Forest 

Forest 
Edge 

Anura      
Arombatidae      
Allobates femoralis (Boulenger, 
1884) 

TC   X X 

Allobates sumtuosus (Morales, 
2002) 

TC X X X  

Bufonidae      
Atelopus hoogmoedi Lescure, 
1974 

TC   X  

Rhaebo guttatus (Schneider, 
1799) 

TC  X  X 

Rhinella major (Müller and 
Helmich 1936) 

TC X X  X 

Rhinella gr. margaritifera 
(Laurenti, 1768) 

TC  X  X 

Rhinella marina (Linnaeus, 1758) TC X X  X 
Craugastoridae      
Pristimantis zeuctotylus (Lynch 
and Hoogmoed, 1977) 

TC  X   

Pristimantis chiastonotus (Lynch 
and Hoogmoed, 1977) 

TC   X  

Dendrobatidae      
Ameerega hahneli (Boulenger, 
1884) 

TC X X X X 

Hylidae      
Dendropsophus leucophyllatus 
(Beireis, 1783) 

TC X    

Dendropsophus minutus (Petrs, 
1872) 

TC X    

Hypsiboas multifasciatus 
(Günther, 1859) 

TC X X  X 

Phyllomedusa bicolor (Boddaert, 
1772) 

TC X    

Pithecopus hypochondrialis 
(Daudin, 1800) 

TC X X  X 

Scinax ruber (Laurenti, 1768) TC X X  X 
Trachycephalus typhonius 
(Linnaeus, 1758) 

TC  X  X 

Leptodactilydae      
Adenomera andreae (Müller, 
1923) 

TC and PT  X X X 

Leptodactylus longirostris 
Boulenger, 1882 

TC X X  X 

Leptodactylus mystaceus (Spix, 
1824) 

TC    X 

 Lithodythes lineatus (Schneider, 
1799) 

TC  X   

Physalaemus ephippifer 
(Steindachner, 1884) 

PT  X   

Microhylidae      
Chiasmocleis hudsoni Parker, 
1940 

PT   X  

SQUAMATA      
SAURIA      
Dactyloidae      
Anolis chrysolepis Duméril & 
Bibron, 1837 

TC   X  

Anolis fuscoauratus D’ Orbginy, 
1837 

TC   X  

Gekkonidae      
Hemidactylus mabouia (Moreau 
Jonnès, 1818) 

TC    X 

Gymnophtalmidae      
Loxopholis guianense (Ruibal, 
1952) 

TC and PT    X 

Phyllodactylidae      
Thecadactylus rapicauda 
(Houttuyn, 1782) 

TC  X  X 

Scinidae       
Copeoglossum nigropunctatum 
(Spix, 1825) 

TC X X X X 

Sphaerodactylidae      
Gonatodes humeralis (Guichenot, 
1855) 

TC  X X  

Chatogekko amazonicus 
(Andesson, 1918) 

TC X  X X 

Teiidae      
Ameiva ameiva (Linnaeus, 1758) TC X X  X 
Kentropyx calcarata (Spix, 1825) TC X    
Tupinambis teguixin (Linnaeus, 
1758) 

PT   X X 

Tropiduridae      
Plica plica (Linnaeus, 1758) TC and PT   X  
OPHIDIA      
Anomalepidae      
Typhlophis squamosus (Schlegel, 
1839) 

TC  X   

Boidae       
Epicrates cenchria (Linnaeus, 
1758) 

TC  X  X 

Colubridae      
Dipsas variegata (Duméril, Bibron 
& Duméril, 1754) 

TC X    

Erythrolamprus miliaris (Linnaeus, 
1758) 

TC X    

Erythrolamprus typhlus (Linnaeus, 
1854) 

TC X    

Leptodeira annulata (Linnaeus, 
1758) 

TC X   X 

Leptophis ahaetulla (Linnaeus, 
1758) 

TC    X 
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Tab. 1 - ContinuaçãoLithodythes lineatus (Schneider, 
1799) 

TC  X   

Physalaemus ephippifer 
(Steindachner, 1884) 

PT  X   

Microhylidae      
Chiasmocleis hudsoni Parker, 
1940 

PT   X  

SQUAMATA      
SAURIA      
Dactyloidae      
Anolis chrysolepis Duméril & 
Bibron, 1837 

TC   X  

Anolis fuscoauratus D’ Orbginy, 
1837 

TC   X  

Gekkonidae      
Hemidactylus mabouia (Moreau 
Jonnès, 1818) 

TC    X 

Gymnophtalmidae      
Loxopholis guianense (Ruibal, 
1952) 

TC and PT    X 

Phyllodactylidae      
Thecadactylus rapicauda 
(Houttuyn, 1782) 

TC  X  X 

Scinidae       
Copeoglossum nigropunctatum 
(Spix, 1825) 

TC X X X X 

Sphaerodactylidae      
Gonatodes humeralis (Guichenot, 
1855) 

TC  X X  

Chatogekko amazonicus 
(Andesson, 1918) 

TC X  X X 

Teiidae      
Ameiva ameiva (Linnaeus, 1758) TC X X  X 
Kentropyx calcarata (Spix, 1825) TC X    
Tupinambis teguixin (Linnaeus, 
1758) 

PT   X X 

Tropiduridae      
Plica plica (Linnaeus, 1758) TC and PT   X  
OPHIDIA      
Anomalepidae      
Typhlophis squamosus (Schlegel, 
1839) 

TC  X   

Boidae       
Epicrates cenchria (Linnaeus, 
1758) 

TC  X  X 

Colubridae      
Dipsas variegata (Duméril, Bibron 
& Duméril, 1754) 

TC X    

Erythrolamprus miliaris (Linnaeus, 
1758) 

TC X    

Erythrolamprus typhlus (Linnaeus, 
1854) 

TC X    

Leptodeira annulata (Linnaeus, 
1758) 

TC X   X 

Leptophis ahaetulla (Linnaeus, 
1758) 

TC    X 
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Tab. 1 - Continuação

Mastigodryas boddaerti (Sentzen, 
1746) 

TC   X  

Oxybelis aeneus (Wagler, 1824) TC    X 
Oxyrhopus melanogenys (Tschudi, 
1845) 

TC  X   

Xenopholis scalaris (Wucherer, 
1861) 

TC   X  

Viperidae      
Bothrops atrox (Linnaeus, 1758) TC X X  X 
TESTUDINATA      
Geomydidae      
Rhinoclemmys punctularia 
(Daudin, 1801) 

TC   X  

Testudinidae      
Chelonoidis carbonarius (Spix, 
1824) 

TC   X  

CROCODYLIA      
Alligatoridae      
Paleosuchus sp. TC X    
TOTAL  21 23 18 25 
 

graded areas, such as near streams, the most 
common species in both annual periods were 
Pithecopus hypochondrialis and Hypsiboas mul-
tifasciatus. Regarding lizards, the most common 
species in the degraded areas were Ameiva amei-
va and Copeoglossum nigropunctatum, whereas 
in forested areas the most abundant species were 
Chatogekko amazonicus and Loxopholis guianen-
se. The snakes comprise the most abundant spe-
cies in degraded areas, mostly represented by 
Leptodeira annulata, all observed at night in fo-
raging activity, and Bothrops atrox, but some of 
them were found dead by local residents.

The species accumulation curve tended to an 
asymptote (Fig. 4), however, the jackknife esti-
mation of the first order indicated a richness of 
up to 71 (± 4.74).

The localities that have the lowest similari-
ty with respect to faunal composition were the 
weir and the primary forest (11%). The edge of 
the forest and the mixed farming areas have the 
greatest similarity in species composition (53%) 
(Tab. 2).

The composition PCA (Fig. 5) explained 
34.08% of the variation in the first two axes. The 
first axis related negatively to the primary forest 
locality, and the species Atelopus hoogmoedi, 
Allobates sumtuosus, Gonatodes humeralis, Pli-
ca plica, A. hahneli, L. guianense, Pristimantis 
chiastonotus, which had great importance in the 
composition of that assembly. The other localities 
had a positive relation, just as the species Den-
dropsophus leucophyllatus, H. multifasciatus, S. 
ruber, R. marina, P. hypochondrialis, A. ameiva, 
Rhinella major and Leptodactylus longirostris did. 
Since the weir locality is set apart from the edge 
localities and mixed farming areas by the second 

axis of the PCA, the resulting pattern shows that 
the species Dendrophsophus leucophyllatus, H. 
multifasciatus, S. ruber and R. marina are rela-
ted to the weir, and A. ameiva, Rhinella major, L. 
longirostris, and P. hypochondrialis to the mixed 
farming areaslocality and forest edge species.

The pattern observed in the PCA, the compo-
sition difference between the sampled sites, was 
confirmed by PERMANOVA (F (3, 36) = 5.936, 
P = 0.001), and 33% of the variation in com-
position is related to the locality type. Still, we 
note that the heterogeneity of the assemblages is 
greater in weir localities and mixed farming area 
and lower in forest edge localities and primary 
forest (F (3, 36) = 3.483, P = 0.001), and the 
forest edge locality consists of a subset of species 
in the mixed farming area (Fig. 6).

Discussion

The results presented here represent the first 
data regarding the herpetofauna of Serra Azul. 
Other results of nearby areas obtained similar le-
vels of species richness: State Florest Paru, loca-
ted north, Ávila-Pires et al. (2010) recorded 53 
species (29 reptiles and 24 amphibians), of which 
20 are also present in this study, with a faunal 
similarity index of 26%. Brasil (2009), for the 
State Park Monte Alegre, obtained 49 species, 20 
of which are common to both inventories, with a 
similarity index of 25%. Most of the species col-



Rev. Biol. Neotrop. / J. Neotrop. Biol., Goiânia, v. 15, n. 1, p. 9-21, jan.-jun. 2018

17

 
Fig. 4. Herpetofauna species accumulation curve of the Serra Azul region, Monte Alegre, Pará, Brazil.

Tab. 2. Total species by collecting locality (diagonal line), number of common species (above the diago-
nal line), faunal Jaccard similarity index between each pair of localities (below the diagonal line).

 Weir Mixed farming 
areas 

Primary 

forest 

Forest 

edge 
Weir 21 11 4 12 

Mixed farming areas 0.30 23 5 16 

Primary forest 0.11 0.14 18 6 

Forest edge 0.30 0.53 0.14 25 

 
lected in this inventory are from areas with the 
typical vegetation of savanna or Cerrado. In all 
three studies, more than half of the species are 
different.

However, the list of species for the area is 
certainly not complete and remains subsampled, 
particularly for snakes, whose meeting is spo-
radic. Unlike most lizards and amphibians, whi-
ch are easily sampled by visual search method, 
some species of snakes have more secretive ha-
bits and require the use of other methods, spe-
cific for this group of animals (Bernarde, 2008).

Through the similarity and principal compo-
nent analysis statistically verified, the PERMANO-
VA and PERMDISP tests confirm that the locality 
has a direct influence on the composition of her-

petofauna, showing the difference in the assem-
blies between open areas, semi-open and forest, 
as indicated in the literature (Hernández-Ruz et 
al., 2001; Vitt & Caldwell, 2014; Carvajal-Cogollo 
& Urbina-Cardona, 2015).

The primary forest has a distinct species com-
position, and lower variation in the assembly de-
monstrating that there is no species dominance, 
despite representing the lowest index richness, 
this fact can be explained by the difficulties of 
sampling nocturnes in this locality, nevertheless 
presented a greater number of exclusive species. 

Such as A. hoogmoedi recorded a high den-
sity, whereas other species of Atelopus showed a 
population decline, probably due to infection by 
the chytrid fungus Batrachochytrium dendroba-
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Fig. 5. The composition PCA for four collection localities in Monte Alegre Pará, Brazil.
 

Fig. 6. PERMDISP analysis for the four collection localities, based on faunal composition in relation with 
sampling effort for the region of Serra Azul, Monte Alegre, Pará, Brazil.

 

tidis. Compared with other areas of the Amazon, 
such as the right bank of the Xingu River, this 
species is considered rare, since an effort of more 
than 1.200 hours collected only two specimens 
(unpublished date). 

In contrast to what this study observed, in a 
small area near a rushing stream, in just one day 
during morning hours, more than 20 individuals, 
between adult males and females, which corrobo-
rates the observations of Ávila-Pires et al. (2010) 
regarding a population of the same species in the 
Estação Ecológica do Grão Pará, and Luger et al. 

(2008) regarding populations of Suriname and 
Guyana.

On the other hand, the forest edge and mixed 
farming area localities showed a high level of ri-
chness and faunal similarity. These high levels of 
richness, however, are misleading regarding the 
quality of the locality, as it is usual to find “trash 
species” known as opportunistic and common 
over disturbed areas in the Amazon (Duellman, 
2005). 

Weir had greatest importance for anuran spe-
cies, it was observed that in the months with the 
highest rainfall levels in the region, from Decem-
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Amphibians & Reptiles of Reserva Biológi-
ca do Tapirapé, Pará, Brazil. Check List. 8: 
839–846.

Beirne, C. , O. Burdekin & A. Whitworth. 
2013. Herpetofaunal responses to anthro-
pogenic habitat change within a small forest 
reserve in Eastern Ecuador. Herpetol. J. 23: 
209-219.

Brooks, T. M., R. A. Mittermeier, C. G. Mit-
termeier, G. A. Da Fonseca, A. B. Rylan-
ds, W. R. Konstant, P. Flick, J. Pilgrim, S. 
Oldfield, G. Margin & C. H. Taylor. 2002. 
Habitat loss & extinction in the hotspots of 
biodiversity. Conserv. Biol. 16: 909-923. 

Burnham, K. P. & W. S. Overton. 1979. Robust 
estimation of population size when capture 
probabilities vary among animals. Ecology. 
60: 927-936.

Carvajal-Cogollo, J. E. & N. Urbina-Cardona. 
2015. Ecological grouping and edge effects in 
tropical dry forest: reptile-microenvironment 
relationships. Biodivers Conserv. 24: 1109-
1130.

Cechin, S. Z. & M. Martins. 2000. Eficiência de 
armadilhas de queda (pitfall traps) em amos-
tragens de anfíbios e répteis no Brasil. Rev. 
Bras. Zool. 17: 729-740. 

Clark, R. W., W. S. Brown, R. Stechert & K. R. 
Zamudio. 2010. Roads, interrupted disper-
sal, and genetic diversity in Timber Rattles-
nakes. Conserv. Bio. 24: 1059-1069.

Colwell, R. K. 2006. EstimateS: Statistical esti-
mation of species richness and shared species 
from samples. Version 8.20. Software and 
User’s Guide. <http://purl.oclc.org/estima-
tes> Acessed in 12 February 2016.

Crump, M. L. & N. J. Scott-JR. 1994. Visual 
encounter surveys. In: Heyer W. R., M. A. 
Donelly, R. W. Mcdiarmid, L. A. Hayek & M. 
S. Foster (Eds.). Measuring and monitoring 
biological diversity: Standard methods for 
amphibians. Smithsonian Institution Press, 
Washington. p. 84-92.

Dixo, M. & M. Martins. 2008. Are leaf-litter fro-
gs and lizards affected by edge effects due to 
forest fragmentation in Brazilian Atlantic fo-
rest? J. of Trop. Ecol. 24: 551–554.

Dixo, M., J. P. Metzger, J. S. Morgante & K. 
R. Zamudio. 2009. Habitat fragmentation 
reduces genetic diversity and connectivi-
ty among toad populations in the Brazilian 
Atlantic Coastal Forest. Biol. Conserv. 142: 
1560–1569.

ber to April, Phyllomedusa bicolor, which reprodu-
ces throughout the year and peaks in November, 
was commonly seen breeding in the surrounding 
bushes. Other species typical of areas altered by 
human action, such as a R. marina with a high 
density of individuals and other hylids also shared 
the same breeding site. During the dry season, 
on the other hand, no P. bicolor individual was 
found in the same location, even despite the fact 
that the weir is a permanent puddle. Only the 
species R. marina, Dendropsophus spp., P. hypo-
chondrialis and A. hahneli remained active during 
both dry and rainy periods.

A major concern regarding the Brazilian Ama-
zon is deforestation. The data of 2013 shows 
29% of this deforestation is due to recurring 
settlements (IMAZON et al., 2014). In the Serra 
Azul settlement where this study took place, fo-
rest degradation is visible. The main factors are 
illegal logging and the introduction of new crops. 
Fortunately, distance and difficult access provide 
an initial barrier since this complicates transport 
and, consequently, prevents the increase of cattle 
and grazing areas.

However, it was observed that generalist spe-
cies are dominant in areas where the native ve-
getation has been lost due to human activity. This 
indicates the degree of disruption in disturbed 
habitats. It is thus indisputable that forest con-
servation is of fundamental importance for the 
maintenance of local herpetofauna, since there 
are species ecologically dependent on forest lo-
calities, particularly with an intrinsic relationship 
to the primary forest. These species are strongly 
threatened, as they have lost their habitat due to 
an increase in human pressure.

Acknowledgments

To the teacher Thiago Bernardi of UFPA-Alta-
mira for the help with the statistical tests PER-
MANOVA. Teresa Cristina Sauer de Ávila Pires, 
Marinus Hoogmoed and Ronald Heyer for helping 
with the identification of some species and the all 
peoples of the Serra Azul, we thank all those who 
helped with this study.

References

Anderson, M. J. 2006. Distance-based tests for 
homogeneity of multivariate dispersions. Bio-
metrics. 62: 245-253.

Ávila-Pires, T. C. S., M. S. Hoogmoed & W. 
A. Rocha. 2010. Notes on the Vertebrates of 
northern Pará, Brazil: a forgotten part of the 
Guianan Region, I. Herpetofauna. Bol. Mus. 
Par. Emílio Goeldi Ci. Nat. 5: 13-112.



Rev. Biol. Neotrop. / J. Neotrop. Biol., Goiânia, v. 15, n. 1, p. 9-21, jan.-jun. 2018

20

Duellman, W. E. 2005. Cusco Amazonico, the 
lives of amphibians and reptiles in an Amazo-
nian rainforest. Comstock Publishing Associa-
tes, Cornell University Press, New York.

Hernández-Ruz, J., O. V. Castãno-Mora, G. 
Cardenas-Arévalo & P. A. Galvis-Peñuela. 
2001.Caracterización preliminar de la “comu-
nidad” de reptiles de un sector de la serranía 
del Perijá, Colombia. Caldasia. 23: 475-489.

Frost, D. R. 2016. Amphibian species of the 
world: an online reference. Version 6.0. Ame-
rican Museum of Natural History, New York. 
<http://research.amnh.org/herpetology/am-
phibia/>, accessed in 21 November 2016.

Frota, J. G., A. P. Santos-JR, H. M. Chalkidis 
& A. G. Guedes. 2005. As serpentes da re-
gião do Baixo rio Amazonas, Oeste do estado 
do Pará, Brasil (Squamata). Biociências. 13: 
211-220.

Gardner, T. A., M. A. Ribeiro-JR, J. Barlow, 
T. C. S. Ávila-Pires, M. S. Hoogmoed & C. 
A. Peres. 2007. The value of primary, secon-
dary, and plantation forests for a neotropical 
herpetofauna. Conserv. Bio. 21: 775-787. 

Gascon, C., T. E. Lovejoy, R. O. Bierregaard-
-JR, J. R. Malcolm, P. C. Stouffer, H. L. 
Vasconcelos, W. Laurance, B. Zimmer-
man, M. Tocher & S. Borges. 1999. Matrix 
habitat and species richness in tropical forest 
remnants. Bio. Conserv. 91 : 223-229.

IMAZON, IPAM & ISA. 2014. Aumento no Des-
matamento na Amazônia em 2013: um ponto 
fora da curva ou fora de controle?. <http://
www.socioambiental.org/pt-br/noticias-so-
cioambientais/aumento-no-desmatamento-
-na-amazonia-em-2013-um-ponto-fora-
-da-curva-ou-fora-de-controle>. Accessed in  
18 Setember 2016.

Pereira Júnior, A. P., A. S. Araújo & E. C. 
Campos. 2013. Composição e diversidade de 
anfíbios anuros do campus da Universidade 
Federal do Amapá. Biota Amazônia. 3: 13-21.

Legendre, P. & E. Gallagher. 2011. Ecologically 
meaningful transformations for ordination of 
species data. Oecologia. 129: 271-280.

Luger M., T. W. J. Garner, R. Ernst, W. Hödl & 
S. Lötters. 2008. No evidence for precipitous 
declines of harlequin frogs (Atelopus) in the 
Guyanas. Studies on Neotropical Fauna and 
Environment. 43: 177-180.

Magurran, A. E. 2004. Measuring biological di-
versity. 1ª ed., Blackwell Science Ltd, United 
Kingdom.

Maynard, R. J., N. C. Aall, D. Saenz, P. S. Ha-
milton & M. A. Kwiatkowski. 2016. Road-
-edge Effects on Herpetofauna in a Lowland 
Amazonian Rainforest. Trop. Conserv. Sci. 9: 
264-290.

Mendes-Pinto, T. J. & S. M. Souza. 2011. Pre-
liminary assessment of amphibians and rep-
tiles from Floresta Nacional do Trairão, with a 
new snake record for the Pará state, Brazilian 
Amazon. Salamandra. 47: 199-206.

Neckel-Oliveira, S., W. Magnusson & A. P. 
Lima. 2000. Diversity and distribution of fro-
gs in an Amazonian savanna in Brazil. Amphi-
bia-Reptilia. 21: 317-326.

Oksanen, J., F. G. Blanchet, R. Kindt, P. Le-
gendre, P. R. Minchin, R. B. O’Hara, G. L. 
Simpson, P. Solymos, M. H. H. Stevens & 
H. Wagner. 2016. Vegan: Community Ecolo-
gy Package. R package version 2.3-3.

Palmer, M. W. 1990. The estimation of species 
richness by extrapolation. Ecol. 71: 1195-
1198.

Pinheiro, L. C., Y. O. C. Bitar, U. Galatti, S. 
Neckel-Oliveira & M. C. Santos-Costa. 
2012. Amphibians from southeastern state of 
Pará: Carajás Region, northern Brazil. Check 
List. 8: 693–702.

Prudente, A. L. C., F. Magalhães, A. Menks & 
J. F. M. Sarmento. 2013. Checklist of Lizar-
ds of the Juruti, state of Pará, Brazil. Check 
List. 9: 042–050.

R Development Core Team. 2015. R: A langua-
ge and environment for statistical computing. 
Version 3.2.4. R Foundation for Statistical 
Computing, Vienna, Austria. 

Schlaepfer, M. A. & T. A. Gavin. 2001. Edge 
effects on lizards and frogs in tropical forest 
fragments. Conservation Biology. 15: 1079-
1090.  

Silva, D. J. , M. Santos-Filho & G. R. Canale. 
2014. The importance of remnant native ve-
getation of Amazonian submontane forest for 
the conservation of lizards. Braz. J. Biol. 74: 
523-528.

Tobler, M. W., S. E. Carrillo-Percastegui, R. 
L. Pitman, R. Mares & G. Powell. 2008. An 
evaluation of camera traps for inventorying 
large and medium sized terrestrial rainforest 
mammals. Anim. Conserv. 11: 169-178.

Turner, I. M. 1996. Species loss in fragments of 
tropical rain forest: a review of evidence. J. of 
Appl. Ecol. 33: 200-209.

Uetz, P., P. Freed & J. Hosek. 2016. The Rep-
tile Database. <http://www.reptile-database.
org>. Accessed in 22 November 2016.



Rev. Biol. Neotrop. / J. Neotrop. Biol., Goiânia, v. 15, n. 1, p. 9-21, jan.-jun. 2018

21

Vaz-Silva, W. A., R. M. Oliveira, A. F. N. Gon-
zaga, K. C. Pinto, F. C. Poli, T. M. Bilce, 
M. Penhacek, L. Wronski, J. X. Martins, T. 
B. Junqueira, L. C. C. Cesca, V. Y. Guima-
rães & R. D. Pinheiro. 2015. Contributions 
to the knowledge of amphibians and reptiles 
from Volta Grande do Xingu, northern Brazil. 
Braz. J. Biol. 75: 205-218.

Vitt, L. J. & J. P. Caldwell. 2014. Herpetology: 
an introductory biology of amphibians and 
reptiles. 4ª ed., Academic Press, San Diego.

Zimmerman, B. L. 1994. Audio strip transects. 
In: Heyer W. R., M. A. Donelly, R. W. Mcdiar-
mid, L. A. Hayek & M. S. Foster (Eds.), Mea-
suring and monitoring biological diversity: 
standard methods for amphibians. Smithso-
nian Institution Press, Washington. p. 87-93.

Recebido em 14.III.2017
Aceito em 23.III.2018


