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ABSTRACT.  The present study encompasses the species composition and ecological characteristics of the snake community in a Cerrado-Amazon 
transition zone in Midwest of Brazil (state of Mato Grosso). The data were collected during six excursions to the “Tanguro” (study area) by visual 
encounter survey, pitfall traps with drift fences and non-systematic sampling. We collected 194 specimens, distributed in 34 species, 26 genera, and 
eight families. The most abundant species were Crotalus durissus Linnaeus, 1758 (n = 50), Philodryas olfersii (Lichtenstein, 1823) (n = 15), Philodryas 
nattereri Steindachner, 1870 (n = 13), Xenodon rabdocephalus (Wied, 1824) (n = 12), Lachesis muta (Linnaeus, 1766) (n = 10) and Erythrolamprus 
almadensis (Wagler, 1824) (n = 10). The composition of species found here represents a combination of Cerrado and Amazonian savanna fauna.

KeywoRdS. Squamata, Amazon rainforest, savanna, community, ecotone.

ReSumo.  Composição e padrões ecológicos da assembleia de serpentes em uma zona de transição Amazônia-Cerrado no Brasil. Avaliamos 
neste estudo a composição de espécies e características ecológicas de uma comunidade de serpentes em área de transição Cerrado-Amazônia, no 
Centro-Oeste do Brasil (Estado do Mato Grosso). Coletamos os dados durante seis expedições para “Tanguro” (área de estudo) através dos métodos 
de procura visual, armadilhas de interceptação e queda e encontros ocasionais.  Registramos 194 espécimes, distribuídas em  34 espécies, 26 
gêneros e oito famílias. As espécies mais abundantes foram Crotalus durissus Linnaeus, 1758 (n = 50), Philodryas olfersii (Lichtenstein, 1823) (n 
= 15), Philodryas nattereri Steindachner, 1870 (n = 13), Xenodon rabdocephalus (Wied, 1824) (n = 12), Lachesis muta (Linnaeus, 1766) (n = 10) 
e Erythrolamprus almadensis (Wagler, 1824) (n = 10). A composição de espécies encontrada representa uma combinação entre a fauna de Cerrado 
e Amazônica.  

PAlAvRAS-ChAve. Squamata, Floresta Amazônica, savana, comunidade, ecótono.

The great biological diversity found in the Amazon 
region may be partly accounted by historical events that 
occurred during the Pleistocene, such as the formation 
of river systems, and climatic and geological changes 
which, combined, produced the present-day ecosystem 
heterogeneity (Tuomisto & Ruokolainen, 1997; Ron, 
2000).  Historical factors are directly related to the diversity 
and distribution of species, and the same occurs with snakes 
(Cadle & Greene, 1993; Ávila-Pires, 1995). In the 
Brazilian “Cerrado” (savanna-like grassland), established 
reptilian groups have diversified in response to prevailing 
conditions, such as open formations with low structural 
habitat diversity and periodic natural burn-offs (Colli et 
al., 2002), resulting in high rates of endemism typical of 
this biome (Sawaya et al., 2008).

Ecology and phylogeny may account for the 
structure of a snake community, and the morphological 
variation among species might be a response to ecological 
factors such as habitat use and diet (França et al., 
2008). The unique history of each group that makes up a 
community imposes a series of limitations – morphological, 
physiological, and behavioral – that influence the ecological 
role of each lineage (Cadle & Greene, 1993). Over the 
past few decades, an increasing number of studies of South 
American snake communities have become available, 
although data are still scarce for communities of Brazilian 

Amazon (Martins & Oliveira, 1998; Bernarde & Abe, 
2006; Santos-Costa et al. 2015), Pantanal (Strüssmann, 
2000), Cerrado (Carvalho & Nogueira, 1998; Sawaya et 
al., 2008), Atlantic Forest (Hartmann et al., 2009), and 
Pampa (Zanella & Cechin, 2006).

Moreover, basic information about feeding ecology, 
reproductive biology, and habitat use of South American 
snakes have all been relatively well studied, providing the 
basis for the identification of certain patterns, such as the 
reproductive seasonality of species inhabiting temperate 
zones (Marques & Puorto, 1998; Pizzato et al., 2007), 
and the lack of seasonality in tropical climates (Santos-
Costa et al., 2006; Maschio et al., 2007; Prudente et al., 
2007; Albarelli & Santos-Costa, 2010; Bernarde & 
Abe, 2010; Maschio et al. 2010,  Siqueira et al. 2012). 

The diversity of snakes in the Neotropical region 
is among the highest in the world. A total of 375 species 
have been recorded in Brazil (Bérnils & Costa, 2012), of 
which 149 can be found in the Amazon biome (Ávila-Pires 
et al., 2007), which is characterized not only by a high 
species diversity, but also by a considerable diversity of 
environments (Duellman, 1978). In contrast, the Cerrado 
is characterized by a high rate of endemism and 117 species 
have been described so far (Sawaya et al., 2008).

A potentially interesting approach to understanding 
community structure is the analysis of the assemblages found 
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in transition zones between biomes, known as ecotones. 
In order to fully understand the species composition of 
such areas, it is necessary to have reliable data not only 
on the ecotone itself, but also on the neighboring biomes. 
In a study of the snakes in a Caatinga (semi-arid region)-
Cerrado ecotone, a predominance of Cerrado species was 
observed, and it was estimated that the more complex the 
structure of the vegetation cover, the more species would 
be found in a given area (Rocha & Prudente, 2010). In 
a Cerrado-Amazon ecotone, by contrast, a predominance 
of Amazonian species was recorded (M. A. Carvalho, 
unpublished data).

The transition zone between Amazon and Cerrado 
biomes is characterized by areas of both rainforest and 
seasonal forest (IBGE, 2004a,b), which contribute to the 
formation of a relatively complex environment (Primack 
& Rodrigues, 2001), but with relatively species-poor 
vegetation compared to equivalent Amazonian habitats 
(Ivanauskas et al., 2004). The municipality of Querência, in 
the Brazilian state of Mato Grosso, was originally covered 
by transitional Amazon-Cerrado forest, which has now 
been altered drastically due to the advance of industrialized 
soybean farming. Due to the rapid conversion of forests into 

open areas, and the need for use of fauna, our objective is 
to identify the snake fauna that inhabits this environment 
transition, knowing whether there is a predominance of 
species of the Amazon or the Cerrado, and to provide 
information on species structure and ecology.

mATeRiAl And meThodS

Study area. We collect on the large Tanguro farm 
(12°54’S; 52°22’W), located on the upper Xingu River (Fig. 
1), in Querência Municipality, northeast of the Brazilian 
State of Mato Grosso. The municipality is located within 
the ample transition zone between the Amazonian and 
Cerrado biomes, although this locality belongs to the Legal 
Amazonia political division (IBGE, 2005). The climate is 
tropical, with a well-defined dry season between June and 
September, and a rainy season between December and 
March (IPAM, 2007). Mean annual rainfall is approximately 
1900 mm, and precipitation is less than 100 mm during 
the driest month and mean temperatures are above 18°C 
in the coldest month (Peel et al., 2007). The farm covers 
a total area of 82,000 hectares, of which 38,000 ha have 
been deforested for agriculture, mainly soybean plantations. 

Fig. 1. Tanguro farm, Mato Grosso, Brazil (triangles, Preserved gallery forest (PGF); Stars, Highly anthropogenic gallery forest (HAG), adjacent to 
soybean plantations; Squares, Soybean plantation (SP), areas with no permanent vegetation; diamond, Hevea brasiliensis plantation (RP); circles, 
margin of the Tanguro River (MTR) (image modified from IPAM, 2007). 
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The property also has an ample variety of gallery forests, 
adjacent to watercourses which are part of the Xingu 
drainage basin, such forests are under environmental 
protection (Federal law nº4771/1965).

Field data collection.  Snakes were collected in 
six different habitat types, with the aim of sampling all 
environmental variation in study site. We did measurement 
of circumference at breast height and leaf litter depth just 
for the habitat characterization. We categorize habitats as: 
(1) PGF - Preserved gallery forest, with little impact from 
local agricultural activities, and located at least 800 m 
from deforested areas; mean tree circumference at breast 
height (CBH) 19.7 cm, and mean leaf litter depth 4.1 cm; 
(2) HAG - Highly anthropogenic gallery forest, adjacent 
to soybean plantations, trees with mean CBH of 18 cm and 
mean leaf litter depth of 1.7 cm. These areas are highly 
impacted and away from the edge of the water body to the 
edge of the forest does not exceed 20 m, in some areas we 
noted the presence of cattle; (3) SP - Soybean plantation, 
with no permanent vegetation. In this area seasonal crops 
of soybeans and other grains are done. In some periods of 
the year the soil is completely exposed; (4) RP - Rubber 
(Hevea brasiliensis) plantation, evenly-spaced trees with 
mean CBH of 64.05 cm, floor covered only with dead leaves 
and twigs from the rubber trees, and a mean litter depth of 
0.97 cm. The leaf litter in this area is periodically removed; 
(5) MTR - Margin of the Tanguro River, conditions similar 
to those of the PGF, with a mean CBH of 16.21 cm and 
leaf litter of 1.62 cm. This gallery forest is bordered by a 
wide river, with a minimum width of five meters, while the 
PGF areas have small streams; (6) EFZ - Experimental fire 
zone, an area used by the Instituto de Pesquisa Ambiental 
da Amazônia (IPAM) for research into the savannization 
of local forests, these areas are submitted to experimental 
fires annually.

We collect specimens in six expeditions between 
2006 and 2010, a total of 190 days spent collecting data. 
We divided such activities into two stages. In the first stage, 
we collected in four distinct periods, each one of  thirty 
days in 2006 (February and October), 2007 (February), 
and 2008 (July). In the second stage, we collects in two 
distinct periods, each one of forty-five days in 2009 
(November-December) and 2010 (March-April). We used 
three different methods to capture snakes: (a) VES - Visual 
Encounter Survey: a team formed by three or four collectors 
walked slowly on existing trails in each of the habitats 
(adapted from Martins & Oliveira, 1998). Each VES 
lasted three hours, conducted during all six expeditions. 
During each VES, we check the largest possible numbers 
of microhabitats, including leaf litter, shrubs, fallen trees, 
permanent and temporary bodies of water, and so on; 
(b) DFP - Drift fences with pitfall traps: we used these 
traps during the first stage in three habitats – PGF (two 
sample points), HAG (two points), and EFZ (one point). 
The traps consisted of five 60 L buckets set in a line at 10 
m intervals. We buried the buckets to the on the ground to 
the brim. Then we connected the buckets by a one meter 

height drift fence. We installed three sets of traps in each 
habitat, every set was formed by three lines of buckets, 
at least 200 m distant from each other  (modified from 
Cechin & Martins, 2000); (c) NSS - Non-systematic 
sampling: non-standardized procedure that consists of the 
collection of specimens (dead or alive) encountered by 
members of the research team or local residents during their 
everyday activities, i.e. not during VES or DFP procedures. 
Specimens were collected in this way at the sampling 
points and adjacent areas, in the base camp, fields, and on 
access roads (adapted from Martins & Oliveira, 1998).

Data analysis. For each individual observed or 
collected, recorded the following data: date and time of 
collection, habitat and microhabitat, location within the 
study site. The preserved specimens were deposited in the 
herpetological collection of the “Museu Paraense Emílio 
Goeldi” (MPEG) in Belém, Pará, Brazil. In order to estimate 
the total number of species occurring within the study site, 
the data from the visual encounter survey was weighted 
by the number of hours spent searching and the number of 
collectors (collector-hours). We apply the non-parametric 
Jackknife 1 species richness estimator to these data using 
the Estimates program (Colwell, 2012), version 8.2.0.

Species composition was compared with data from 
snake assemblages of different biomes: Amazon Forest 
(Martins & Oliveira, 1998; Bernarde & Abe, 2006; 
Maschio et al., 2009 and M. A. Carvalho, unpublished 
data); Cerrado (Carvalho & Nogueira, 1998; Strüssmann, 
2000; Sawaya et al., 2008); Brazilian Atlantic Forest (O. A. 
V. Marques, unpublished data; S. A. A. Morato, unpublished 
data). We compare the different sites using a Principle 
Coordinates Analysis (PCoA) (Manly, 1994), based on the 
presence/absence of 283 species at the ten sites surveyed. 
Analyses were performed using the program Past and the 
similarity Jaccard index (Hammer et al., 2001).

Species were grouped in ecological guilds according 
to their ecological attributes: substrate (terrestrial, aquatic, 
semi-aquatic, arboreal, semi-arboreal, fossorial), activity 
period (diurnal, nocturnal, crepuscular), and prey type, 
based on information available in the literature (see Table 
I). We define guilds using a multivariate grouping analysis 
(cluster) of the data on diet, substrate use, and activity 
cycle collected during this study and those available in the 
indexed literature. This analysis was based on the similarity 
index of Sorensen and a Weighted Pair Group Method with 
Arithmetic Mean or WPGMA (Sneath & Sokal, 1973), 
performed in the MVSP 3.1 program (Kovach, 1999). 

ReSulTS

We collected 194 specimens (only nine other 
individuals were observed) during all expeditions. These 
specimens represented 34 species, 26 genera, and eight 
families. The first-order Jackknife estimate of species 
richness indicated a potential richness of 38 species, 
suggesting that few species have yet to be recorded in 
the study area. The most abundant species (Tab. I) were 
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Crotalus durissus (n = 50), Philodryas olfersii (n = 15), 
Philodryas nattereri (n = 13), Xenodon rabdocephalus (n = 
12), Lachesis muta (n = 10), and Erythrolamprus almadensis 
(n = 10). However, most of the other species were relatively 
rare, and eight were recorded only once during the study. 
We classified nine species with predominant occurrence 
in open areas (Cerrado and Caatinga) and 11 as forestry 
species (Amazonia), 23% of the species occur both open 
(Cerrado and Caatinga) and forest (Amazonia and Atlantic 
Forest) areas, about 18% of the species is widely distributed 
(Tab. I). 

We recorded twelve species in the preserved gallery 
forest, of which three (Philodryas viridissima, Imantodes 
cenchoa, and Chironius exoletus) were exclusive to this 
habitat (Tab. I). In contrast, 21 species were collected 
in the highly anthropogenic gallery forest, including 
eight exclusive taxa. Of the ten species recorded in the 
soybean plantations, only one (Sibynomorphus mikanii) 
was exclusive. Three species were recorded in both the 
experimental fire zone and the margin of Tanguro River, 
and only the latter had an exclusive taxon (Micrurus 
surinamensis). In the rubber plantation, only two taxa 
(Oxyrhopus petolarius and Liotyphlops beui) were recorded. 
In non-systematic samplings, 19 species were collected 
(Tab. I).

Comparing the Tanguro community with other 
locations, the first two axes of the main coordinate analysis 
(Fig. 2) correspond to 49.43% of the variance of the data 
(axis 1: eigenvalue = 0.81, variance = 25.5%; axis 2: 
eigenvalue = 0.76, variance = 23.8%). The arrangement 
produced by the PCO in the two-dimensional space didn’t 
identify any overlapping between the different communities 
and defined three distinct groups, representing the three 
biomes surveyed (Amazon, Cerrado, and Atlantic Forest). 
The Tanguro community occupies a clearly intermediate 
area between the Amazonian and Cerrado groups (Fig. 2). 

The dendrogram generated by cluster analysis 
differentiated four main groups, based on their ecological 
parameters (literature data), i.e. diet, substrate use, 
and activity cycle (Fig. 3). Group 1 was comprised of 
nocturnal, semi-aquatic species that feed primarily on fish 
and amphibians. Two groups are comprised of terrestrial 
and/or semi-arboreal species, one with species that feed 
primarily on anurans (group 2) and the other with dietary 
generalists (group 3). Group 4 is comprised of nocturnal, 
fossorial and/or cryptozoic snakes.

Regarding information on the natural history of 
snakes recorded in Tanguro farm, most of the snakes 
collected were terrestrial (32.3%, n = 11) or semi-arboreal 
(29.5%, n = 10). The remaining species were all either 

Fig. 2. Diagram derived from the Principle Coordinates Analysis (PCO) of the species composition of the snake communities (presence/absence 
of 171 species) of ten localities representing the Amazonia (closed circles), Cerrado (open squares), and Atlantic Forest (open circles) biomes. 
Amazonia: Manaus (Martins & Oliveira, 1998); Caxiuanã (Maschio et al., 2009); Espigão do Oeste (Bernarde & Abe, 2006); Claudia, MT (M. 
A. Carvalho, unpublished data). Cerrado: região do Manso (Strüssmann, 2000); Cuiabá (Carvalho & Nogueira, 1998); Itirapina (Sawaya et al, 
2008). Atlantic Forest: Juréia (Marques, 1998); Paraná (S. A. A. Morato, unpublished data).
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Fig. 3. Dendrogram generated by the WPGMA cluster analysis of the snake species collected at Tanguro, Mato Grosso, Brazil. Different colors 
represent the ecological guilds, based on diet, substrate use, and activity cycle: black (nocturnal, semi-aquatic species that feed primarily on fish 
and amphibians); dark gray (terrestrial and/or semi-arboreal species, feed primarily on anurans); light gray (terrestrial and/or semi-arboreal species, 
generalist diet); white (nocturnal, fossorial and/or cryptozoic).

fossorial (23.5%, n = 8) or semi-aquatic (14.7%, n = 5) (Tab. 
I). Almost half of the species, 44.1% (n = 15), was diurnal, 
38.3% (n = 13) were nocturnal, and 17.6% (n = 6) were 
crepuscular species. Lizards were the prey item observed 
in the largest number of species (61.7%, n = 21), followed 
by amphibians, with 47.1%, n = 16 (Tab. I). Small-bodied 
mammals were the next most common dietary item, found 
in 44.1% of the species (n = 15). This type of prey was 
the main dietary item for nine of these species. Birds were 
ingested by 14 species (41.1%), followed by fish (17.6%, 
n = 6), snakes (17.6%, n = 6), amphisbaenians (14.7%, n 
= 5), and invertebrates (14.7%, n = 5). Most species were 
generalists, consuming two or more different types of prey. 

diSCuSSion

The snake community found here exhibit species 
from Amazon and Cerrado biomes. The presence of a 
transitional areas of forest and open habitats generate a 
high heterogeneous environment, allowing the presence 
of species with different habitats requirements. Habitat 
generalist species as Boa constrictor, Corallus hortulanus, 

Helicops angulatus, Spilotes pullatus, Philodryas olfersii, 
and Erythrolamprus reginae, are found in many biome 
types, including the Caatinga scrublands of the Brazilian 
Northeast (Colli et al., 2002; Rodrigues, 2003; Marques 
et al., 2005) and peripheral areas of the Cerrado (Couto 
et al., 2007). In contrast, Typhlops reticulatus, Bothrops 
brazili, Hydrops triangularis, and Pseustes poecilonotus 
are found predominantly in the Amazon basin (Cunha & 
Nascimento, 1993; Martins &  Oliveira, 1998; Prudente 
& Santos-Costa, 2005; Maschio et al., 2009), while 
Phalotris nasutus, Liotyphlops beui, and Apostolepis 
flavotorquata are found in the Cerrado (França et al., 
2008). Overall, the species composition of the local snake 
community further reinforces the ecologically transitional 
nature of the study area as an ecotone of the Amazon and 
Cerrado biomes.

The expansion of soybean farming may be a factor 
which favors the establishment of Crotalus durissus in 
the region (most abundant species). The high abundance 
is probably related to the adaptations of this species to 
open habitats, which probably also underpin its capacity 
to occupy disturbed habitats (Tozetti & Martins, 2008). 
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The increasing availability of resources such as grains may 
underpin an increase in small mammal prey, such as the 
rodents. High density of small mammals, which are the 
main preys to C. durissus, were already detected on the 
study area, specially surrounding the base camp, inside 
and around the soybean plantations (Mendes-Oliveira 
et al., 2012).

The larger number of species found in the highly 
anthropogenic gallery forest compared to the preserved 
gallery forest is a pattern which has also been reported 
by Pontes et al. (2009), who compared forest areas with 
banana plantations. Intense human activities, typical of 
agricultural areas, tend to result in a reduction of snake 
abundance, diversity, and species richness (Zug et al., 
2001). The disturbance intensity and frequency may 
determine the abundance and species richness of an 
assemblage (Abugov, 1982; Huston, 1994; Towsend et al., 
1997). These three elements might explain the differences 
in richness and abundance found in different habitats in the 
study site where disturbances are from different intensity, 
such as experimental fire zones, rubber plantations, and 
the margins of the Tanguro river. Our results corroborate 
the theory of intermediate disturbance where complex 
habitats, with intermediate levels of disturbance tend to 
have higher species richness (e.g. Grime, 1973; Horn, 
1975; Connel, 1978; Tokeshi, 1999). This pattern was 
also found to amphibian communities in the same locality 
of this study (Bitar et al., 2014). On the other hand, the 
local composition changes, adding opportunistic species to 
the local pool and may cause local extinctions of species 
susceptible to environmental changes, leading what we 
know as homogenization of fauna (Shmida & Wilson, 
1985; Olden et al., 2004).

 The food availability resource has been identified 
as crucial in structuring snake communities (Vitt & 
Vangilder, 1983; Gibbons & Semlitsch, 1987; Cadle 
& Greene, 1993). Moreover, temperature and humidity 
(among other environmental parameters) are considered 
important factors in diversity and distribution not only 
of snakes but also of their prey (Gibbons & Semlitsch, 
1987; Lillywhite, 1987; Di-Bernardo et al., 2007). 
Most recorded species were generalist species. This group 
appears to be the most favored by the conditions found 
within the study area, particularly the availability of a wide 
range of prey, allowing for the adoption of an opportunistic 
foraging strategy (Cadle & Greene, 1993). This strategy 
is reflected on the diversity of prey items recorded in this 
group – lizards, anurans, rodents, and birds. This group is 
characterized by the large number of species that feed on 
mammals, a fact that is probably linked to the increase in 
the local abundance of certain species of small mammals, 
especially rodents, in anthropogenic habitats (Scheibler 
& Christoff, 2007).

We have identified a small number of guilds compared 
to the results of surveys conducted at other Amazonian 
sites, due primarily to the reduced number of arboreal 
species (Martins & Oliveira, 1998), presumably reflecting 

the degree of specialization of these species and their 
vulnerability to habitat loss (Lillywhite & Henderson, 
1993). The marked predominance of one ecological group 
(snakes with generalist habitat preferences) is an additional 
characteristic that distinguished the community analyzed 
in this study from all others documented in the Amazon 
basin. This is probably related to both the ecotonal nature 
of the region and the loss of microhabitats resulting from 
agricultural activities. 

Finally, although the study site is located in a 
heavily disturbed area and with strong interference of 
agriculture, site environmental heterogeneity may be 
maintaining a relative  richness of snake species. The 
permanence of forest remnants eventually maintains the 
species which are typical of this environment (mostly, 
Amazon species); on the other hand, the advance of the 
agricultural frontier favors the establishment of open habitat 
species (predominantly, species from the Cerrado). And the 
environmental heterogeneity may also favor those species 
that have phenotypic plasticity (generalist species habitat, 
with a greater dispersal capacity). Thus, the disturbances 
have not turned the study site (when we analyzed the total 
area) into a homogeneous area, which is associated to an 
overt loss of species (Olden et al., 2004). However, we 
can observe losses when analyzing the sites separately, as 
observed for amphibians (Bitar et al., 2012).
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