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Abstract: We analyzed richness, composition and mass of snakes in two sites in the Atlantic forest of Ilha do
Cardoso (25° 03 S and 47° 53° W), an island (22,500 ha), Cananéia municipality, S@o Paulo State, Brazil. A
monthly index of arthropod availability (in mm?) was estimated in each site through capture rates in pit-fall traps.
Fallen fruits were collected along trails in the study sites (mass of fruit gave an index of fruit availability) and small
mammals were sampled in grids with 120 traps which covered the lowland (5.2 ha) and in the slope forests (3.6 ha).
The abundance and mass of small mammals were standardized for the size of each sampled area (in g.ha™). To
sample snakes we established 20 pit-fall traps in each area and performed monthly transects in four consecutive
days (totaling 1000 m long) along trails in the study sites. Snakes found were measured, weighted marked and
released. Abundance and total mass of snakes were standardized by the size of each area. The areas differed
consistently in in the productivity of arthropods, fruits and small mammals, and also in richness, composition
and total mass of snakes. We found 36 individuals (total mass = 9884 g) of 12 snake species belonging to three
Families (Colubridae, Elapidae and Viperidae) in the lowland forest, whereas in the slope forest we sampled
only 9 individuals of 2 species (total mass = 1820 g). Our results suggest that the area of lowland forest, showing
higher productivity of arthropods, fruits and small mammals, maintains a snake community with a higher richness,
diversity and biomass than its slope forest counterpart.

Keywords: Atlantic Rainforest snake assemblage, environmental productivity, snake diversity, and richness, snake
seasonal activity, snake biomass.

ROCHA, C.ED., BERGALLO, H.G., VERA y CONDE, C.F.,, BITTENCOURT, E.B. & SANTOS, H.C.
2008. Riqueza, abundancia e biomassa em duas comunidades de serpentes na Floresta Atlantica em
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abstract?article+bn01408032008.

Resumo: N6s analisamos a riqueza, a composi¢do e a massa de serpentes em dois ambientes na Mata Atlantica
da Ilha do Cardoso (25° 03’ S e 47° 53’ W), uma ilha (22.500 ha), localizada no municipio de Cananéia, Estado
de S@o Paulo, Brasil. Estimamos um indice de disponibilidade de artrépodos (em mm?) em cada ambiente através
da taxa de captura em armadilhas de queda estabelecidas no chao da floresta. Coletamos frutos caidos ao longo de
trilhas nos ambientes estudados (a massa de frutos forneceu um indice da disponibilidade de frutos) e pequenos
mamiferos foram amostrados em grades com 120 armadilhas as quais cobriram um ambiente na mata de planicie
(5,2 ha) e um na floresta de encosta (3,6 ha). A abundancia e massa de pequenos mamiferos foi padronizada para
o tamanho de cada drea amostrada (em g.ha™"). Para amostrar as serpentes estabelecemos 20 armadilhas de queda
em cada ambiente e mensalmente realizamos transectos durante quatro dias consecutivos (totalizando 1000 m
de extensdo em cada drea) ao longo de trilhas nos ambientes estudados. As serpentes foram medidas, pesadas,
marcadas e soltas. A abundancia e massa total de serpentes foram padronizadas para o tamanho de cada drea
amostrada. As dreas diferiram consistentemente na produtividade de artrépodos, de frutos e de pequenos mamiferos,
e também na riqueza, composi¢ao e massa total de serpentes. Encontramos um total de 36 individuos (massa
total = 9884 g) de 12 espécies de serpentes pertencentes a trés familias (Colubridae, Elapidae and Viperidae) na
mata de planicie, enquanto na mata de encostaamostramos apenas 9 individuos de 2 espécies (massa total = 1820 g).
Nossos resultados sugerem que a mata de planicie, que teve maior produtividade de of artrépodos, de frutos e
de pequenos mamiferos, mantém uma comunidade de serpentes com maior riqueza, diversidade e biomassa do
que a mata de encosta.

Palavras-chave: comunidades de serpentes de Mata Atldntica, produtividade ambiental, diversidade e riqueza
de serpentes, atividade sazonal de serpentes, biomassa de serpentes.
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Introduction

Environmental productivity is an important determinant of
species richness, diversity and biomass in biological communities
(e.g. August 1983, Rozensweig 1971, 1996). For some environ-
ments such as tropical forests (e.g. Duellman 1978, Mabberley
1983, Bobrov 1993, Bergallo 1999, Bergallo & Magnusson 1999,
Vera y Conde & Rocha 2006) including restinga habitats (e.g.
Rocha & Bergallo 1997), for deserts (e.g. Christian 1980) or coral
reefs (e.g. Connell 1978), it has been shown that an increase in en-
vironmental productivity, through availability of resources, usually
results in a corresponding increase in richness, abundance, diversity
and total mass of particular groups of organisms.

In most communities, snakes are important predators of verte-
brates, with small mammals being important prey for a number of
species (Gonzaga et al. 1997, Di Bernardo 1998, Marques 1998,
Martins 1994, Rocha & Vrcibradic 1998, Marques & Sazima 2004,
Pontes & Rocha 2008). Mammallian density and biomass tend to
be strongly dependent of the availability of arthropods and fruits
(Bergallo and Magnusson, 1999).

At the rainforest of Ilha do Cardoso, an island located in the
coast of Sao Paulo State, Southeastern Brazil, two portions of the
forest can be recognized due to differences in humidity, temperature
and topography: the forest occurring near sea level (altitude up to
to 5 m — hereafter referred as lowland forest — LF) and the forest
of the slopes of the hills, hereafter refferred as slope forest — SF)
(Giulietti et al. 1983). These two forested areas differ in altitude
and inclination, which results in considerable differences in abun-
dance of some materials such as leaf litter (Giulietti et al. 1983) and
humidity, since most of the rain tends to drain towards the lower
portions of the forest (Santos et al. 1998). Also, the two areas differ
strongly in vegetation density and canopy height (Barros et al. 1991;
Vera y Conde 1994).

Considering the differences in these two forest environments,
we would expect that the variation between these segments of for-
est, especially in humidity, vegetation spacing and canopy height
(Barros et al. 1991, Vera y Conde 1994), would affect the amount of
arthropods, fruits and small mammals, which in turn would increase
the availability of food resources for many snake species. This effect
would influence snakes either directly, in case of snakes that prey
on mammals, or indirectly, in species that prey on lizards, frogs and
small mammals for which arthropods and fruits constitute important
food sources. Thus, we could expect that the differences in prey
abundance should affect the assemblage of snakes each of the two
forest environments (in terms of species richness, total abundance
and biomass).

In this study we analyze some parameters of the environmen-
tal productivity of two Atlantic Rainforest areas (Lowland forest
and Slope forest) at Ilha do Cardoso in terms of arthropods, fruits
and small mammals, and evaluate the richness, heterogeneity and
total mass of snakes associated to each of these two forest environ-
ments.

Material and Methods

1. Study area

The study was carried out in an area of Atlantic Rainforest at [lha
do Cardoso (approximately 25° 03’ S and 47° 53° W), a large conti-
nental island (22,500 ha), located on the Southern coast of Sdao Paulo
State, Southeastern Brazil (Figure 1). The climate in the area is wet
subtropical with most of the rainfall (about 70%) between December
and April. Mean annual temperature is 23 °C with coldest period in
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Figure 1. Relationship between monthly total number of snakes found
in two areas (Lowland and slope forests) and rainfall in the Atlan-
tic Rainforest at Ilha do Cardoso, Sdo Paulo State, Brazil (F = 9.404;
R?=0.485; P=0.012).

Figura 1. Relacdo entre o nimero total de serpentes amostradas mensalmente
em duas areas (mata de baixada e mata de encosta) e a pluviosidade na drea
de Mata Atlantica da Ilha do Cardoso, Estado de Sao Paulo, Brasil (F =9,404;
R?=0.485; P =0,012).

July-August and the warmest period in January-February (Bergallo &
Magnusson 1999). Weather data were obtained from the Climatologi-
cal Center of Ilha do Cardoso, ca. 4 km from the study area.

2. Sampling methods and analysis

2.1. Index of arthropod availability and leaf litter

To estimate an index of arthropod availability we made monthly
samplings from May 1993 to April 1994. At each month we estab-
lished, on each of the environments (LF and SF) ten pit-fall traps
(10 cm diameter, 12 cm depth) which remained in the field for a
period of 72 hours (see Santos et al. 1998 for detailed methodol-
ogy). In addition, we monthly removed 1 m? of leaf litter in each
area, and sampled arthropods using Bérlese-Tullgren funnels. The
arthropods found were identified to Order, counted and had their
index of mass (in mm?) estimated by the multiplication of their three
dimensions (length, width and depth). The total number and volume
of arthropods found in each sampling method was summed to give
the overall number and volume estimates for each month. The index
of abundance of arthropods in each forest environment (LF and SF)
was calculated as the cumulative number of individuals of all arthro-
pod orders recorded along the 12-month sampling, and the index of
arthropod mass as the cumulative volume (in mm?) of arthropods in
the same period. Also, we weighted (in grams) the 12 samples of
1 m? of leaf litter removed from the forest floor at each environment
and used the mean weigth as an index of the leaf litter density at
each m? of forest floor in each area.

2.2. Index of fruit availability

Fallen fruits were collected monthly from May 1993 to April
1994 in 80-by 1 m-transects along 12 trails in each forest environ-
ment (LF and SF) (for details see Bergallo and Magnusson, 1999).
Mass (in g) of fresh fruits collected in each monthly sampling was
used as an index of fruit availability for that particular month. The
index of fruit productivity of each area was estimated as the cumula-
tive mass along the 12 months standardized for the size of each area.
Differences among areas in the standardized mean mass of fruits was
tested using ANOVA.
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2.3. Index of small mammal productivity

Small mammals were sampled in a grid which covered the LF
(5.2 ha) and the SF (3.6 ha). The grid was irregular and had eight
trails with 15 trap stations and six trails with 20 trap stations, spaced
20 m apart, totaling 240 stations. Monthly, from February 1993 to
January 1995, 120 traps were placed at trap stations separated by
40 m during two nights. Traps were moved 20 m on the third day,
so the 240 capture stations of the grid (including both areas) could
be covered in each 4-day session. Traps were baited with banana or
manioc and peanut butter. Captured animals were marked with an ear
perforation and weighted (to the nearest gram) using Pesola spring
scales. The abundance and mass of small mammals were standardized
for the size of each sampled area (in g.ha™).

2.4. Snake community parameters

From May 1993 to April 1994 we performed monthly transects
along the trails of the grids in the LF and in the SF searching for
snakes. A total of 1000 m was searched monthly along transects in
each forest environment. Transects were sampled in four consecutive
days, in the morning (07:00-11:00 AM), afternoon (01:00-05:00 PM)
and crepuscular/nocturnal period (06:00-07:00 PM). During transects
each observer moved along trails in a regular slow walking pace, care-
fully looking for snakes on the ground, on tree trunks and branches
and under fallen logs. When transects crossed a stream or passed
near a pond those habitats were also carefully checked for the pres-
ence of snakes. Anytime a snake was found an attempt was made
to capture it using a noose or by hand. The snakes were identified,
weighted (to the nearest 1 g), measured (to the nearest 1 cm) in its
snout-vent-length (SVL), and each was marked by an incision on its
ventral scales. Marks were made to avoid counting the same indi-
vidual more than once. Individuals were released at the same place
they were originally found.

In addition, in each area we established 20 pit-fall traps, each
consisting of a plastic reservoir of 25 liters. The pit-falls were estab-
lished along a line on the forest floor, remaining with their openings
at the ground level. During fieldwork, the pitfalls in the two forest
environments were checked in the morning and in the afternoon for
the presence of snakes. Whenever a snake was found inside a pit-fall,
the same procedures reported above were made to record data from the
snake sampled. We compared the two forest environments in terms of
richness, abundance and mass (in g) of snakes. Snake heterogeneity
in each forest environment was estimated using the Shannon index.
We used an Analysis of Variance to evaluate if the mean snake mass
differed between the areas. The snake abundance was related with
the rainfall monthly by simple regression.

Results

The two environments studied in the forest of Ilha do Cardoso
differed consistently in the indexes of productivity considered in
the present study (arthropod abundance, leaf-litter mass, fruit mass
and small mammal availability) (Table 1). In general, the values of
arthropod abundance, arthropod mass, leaf-litter mass, index of fruits
availability and small mammal mass were considerably higher in LF
than in SF (Table 1). Arthropod abundance in the LF was approxi-
mately three times higher than in SF, whereas arthropod mass in the
former was about eight times larger than in the last area. Similarly,
leaf-litter mass in the LF was three times larger than that found in
the SF. The index of fruit mass available in the LF was about twice
than that found in the SE. During the study we sampled a total of
12 snake species belonging to three Families: Colubridae (Chironius
bicarinatus, Chironius fuscus, Clelia plumbea, Helicops carinicaudus,
Leptodeira annulata, Liophis miliaris, Rhadinaea affinis, Spilotes
pullatus and Tropidodryas serra), Elapidae (Micrurus corallinus) and
Viperidae (Bothrops jararaca and Bothrops jararacussu) (Table 2).
Table 2 shows the number of snakes of each species recorded and
the total snake mass (in g) sampled in each forest environment.
The total abundance of snakes found along the study in the LF was
approximately four times higher than that found in the SF. We found
atotal of 36 individuals belonging to 12 snake species in the LF (with
a standardized abundance of 0.003 snakes/m/trail) and a total of
nine individuals in two snake species in the SF (with a standardized
abundance of 0.00075 snakes/m/trail) (Table 2). Both snake species
recorded in the SF also occurred in the LF. The most abundant snakes
in the area were Spilotes pullatus and Tropidodryas serra but they
only occurred in the LF (Table 2). The mean snake mass did not differ
between the areas (LF =274.6 £223.6 g and SF=202.2+ 1074 g,
N =45, F=0.88, P =0.35). However, the total snake mass found in
the LF (total snake mass of 9904 g, with a standardized sampled mass
of 1904.6 g.ha™') was approximately 5 times higher than those found
in the SF (total snake mass of 1403 g, with a standardized sampled
mass of 389.7 g.ha™!). At the slopes of the SF we found only two
snake species, Chironius fuscus and Bothrops jararaca (Table 2),
with these species being common to both environments studied.
At the LF we recorded higher overall abundance (36 individuals),
species richness (12 species) and total mass (9884 g) and diversity
(H’=1.919) of snakes when compared with the SF (abundance =9 in-
dividuals; richness = 2 species, total mass = 1820 g and diversity,
H’ = 0.687) (Table 1). Most individual snakes (N = 34) were found
from November to April, whereas the number of snakes found from
May to October was comparatively lower (N = 11) (Figure 1). The

Table 1. Productivity indexes of arthropod (abundance in ind.m), leaf-litter (in g.m™ forest floor), small mammals (abundance in ind/ha and mass in g.ha™)
and snakes in terms of total abundance, species richness, and total mass (in g) found in two areas (Lowland and Slope forests) in the Atlantic Rainforest at Ilha

do Cardoso, Sao Paulo State, Brazil.

Tabela 1. Indices de produtividade de artrépodos (abundéncia em ind.m™), massa de folhico (em g.m™ de chdo de floresta), pequenos mamiferos (abundancia
em ind.ha™' e massa em g.ha™) e de serpentes em termos de total abundéncia, riqueza de espécies e massa total (em g) encontrados em duas dreas (Mata de
baixada e mata de encosta) na Mata Atlantica da Ilha do Cardoso, Estado de Sao Paulo, Brasil.

Indexes Lowland forest (LF) Slope forest (SF)
Abundance Richness Mass Abundance Richness Mass
Arthropods 136.7 ind.m™ 24 382 mm’.m 47.3 ind.m> 22 50 mm?®.m™
Leaf-litter - - 401.2+128.0¢g - - 1333+£970¢g
Fruits - - 953+ 115.8 - - 50.9 £ 64.8
Mammals 63.1 ind.ha™! 8 8057 g.ha'! 59.4 ind.ha™! 7 7579 g.ha'!
Snakes 36 12 9904 g 9 2 1824 g
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Table 2. Snake species and respective number of individuals (N) and total mass
(in g) found in two areas (Flat and slope forests) in the Atlantic Rainforest at
Ilha do Cardoso, Sao Paulo State, Brazil.

Tabela 2. Espécies de serpentes e and respectivos nimeros de individuos (N) e
massa total (em g) encontrados em duas dreas (Mata de baixada e mata de en-
costa) na Mata Atlantica da Ilha do Cardoso, Estado de Sdo Paulo, Brasil.

Snake species Lowland forest Slope forest
N Mass N Mass
(® (®
COLUBRIDAE
Chironius bicarinatus 1 754 - -
Chironius fuscus 3 315 4 421
Clelia plumbea 1 141 - -
Helicops carinicaudus 2 243 - -
Leptodeira annulata 1 82 - -
Liophis miliaris 3 331 - -
Echinanthera affinis 1 20 - -
Spilotes pullatus 10 4504 - -
Tropidodryas serra 6 1116 - -
ELAPIDAE
Micrurus corallinus 3 309 - -
VIPERIDAE
Bothrops jararaca 1 286 5 1403
Bothrops jararacussu 4 1803 - -

relationship between monthly number of snakes found and rainfall
was positive and significant (F = 9.404; R? = 0.485; P = 0.012).

Discussion

Our results indicate that the abundance of arthropods, fruits, leaf
litter and small mammals in Ilha do Cardoso are consistently higher
in the lowland forest (LF) when compared with slope forest (SF).
Similarly, LF tended to maintain higher abundance, richness and bio-
mass of snakes when compared to SE. Habitats with high productivity
have a higher amount of available energy (Rozensweig,1996) and, as
aresult, can potentially mantain a large amount of species of higher
throphic level such as snakes. One factor possibly contributing for
the differences in snake abundances between areas is the occurrence
of streams, rivulets and ponds; although these water bodies are fre-
quent in LF, their occurrence decreases considerably in the SF. This
can impose restrictions for the occurrence of some snakes which,
in general, live associated to water bodies (e.g. Liophis miliaris and
Helicops carinicaudus). Besides favoring the occurrence of these
semi-aquatic snakes, the occurrence of those water bodies may in-
crease the local spatial heterogeneity in the LF. Spatial heterogeneity
tends to promote an increase in the diversity of resources available
in a particular habitat, favoring the coexistence of a large number of
species (Simpson 1964). Also, some characteristics of the structural
habitat such as leaf-litter depth may also influence the local snake
community, not only by increasing microhabitat space for potential
preys such as frogs (Van Sluys et al. 2007) and small mammals
(Kemper and Bell 1985), but may also favor the occurrence of some
snake species, especially terrestrial, semi-fossorial or fossorial ones.
In LF the amount of leaf-litter/m? of forest floor was about three times
higher than that found in SF, which can provide more space and
shelter protected from predators for some snakes. For semi-fossorial

http://www.biotaneotropica.org.br

snake species such as Micrurus corallinus, the comparatively thinner
layer of leaf litter in the SF may reduce potential microhabitats under
which they could use for shelter or foraging. For example, lizard prey
of the elapid Micrurus corallinus are usually leaf-litter inhabitants
(Marques & Sazima 1997). In addition in part, these differences may
also result from differences in soil characteristics among areas. Soil
depth and compostion in LF is also considerably different from that
in SF, as this last tend to be dominated by rocky extrusions. Shallow,
rocky soils would deeply limit the presence of fossorial species. In
contrast, depositional soils in the lower parts would provide more
suitable habitats for burrowing snakes.

Our results suggest that there is a tendency for the viperids to
differ in the area of the forest they occur: Bothrops jararaca occurred
more frequently at the SF whereas B. jararacussu was found only at
the LF. It has been suggested that in some cases an incompatibility
to live in sintopy may occur between two taxonomically close spe-
cies, resulting in a mosaic distribution (Henderson et al. 1979). At
this time we do not know if this tendency may be a result of an eco-
logical incompatibility of these Bothrops species, although a similar
segregation in occurrence has been suggested for some species of
Micrurus (Henderson et al. 1979). However, alternatively, we must
consider that actually these two Bothrops species are not closely
related, and actually belong to distinct clades (species groups) within
Bothrops (Martins et al. 2001) and this may explain the differences
in macrohabitat use.

Most of the snakes in the area were found during the summer,
a period of warmer temperatures and intense rainfall in the area.
Rainfall explained approximately 50% of the monthly occurrence
of snakes along the year. This activity trend during warmer and/
or wetter periods has also been reported for some snake species
in other neotropical areas (e.g. Marques 1998, Martins & Oliveira
1998, Rocha et al. 2000, Marques et al. 2000, Marques et al. 2001,
Hartmann et al. 2002, Pizzato & Marques 2002, Maciel et al. 2003).
In tropical and subtropical areas of South America activity of snakes is
usually seasonal being comparatively higher during the rainy season.
This trend seems to be related to the more favorable conditions of
humidity and temperature for the embryonic development (Vinegar
1977) and can be of importance for reproductive snakes especially
during period of oviposition. Also, humidity and temperature are
known to directly influence the metabolism of snakes, thus affecting
their activity (Lillywhite 1987). The metabolic rate of snakes are
usually reduced in low environmemtal temperatures which results in
reduced activity (Lillywhite 1987). Another important factor favoring
acvtivity in wetter periods is that humidity and temperature favors
environmental productivity (Bergallo & Magnusson 1999), which in
turn tend to provide more sources of food for the snakes. This seems
to be the case in Ilha do Cardoso, where most snakes seem to be active
during the rainy season and snake occurrence seems to be favored in
the portions of the forest with higher productivity.
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