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ABSTRACT
Although São Paulo state presents two biodiversity hotspots – the Cerrado and the Atlantic Forest
– it currently retains only 13% of its native vegetation, which is divided into 8,300 fragments
harboring as a whole at least 220 mammal species. This study aims to survey mammalian
species of medium to large size in a protected area of São Paulo, the Augusto Ruschi Biological
Reserve, which is composed of five forest fragments. We used 562 camera-trap-nights, footprint
surveys, and opportunistic visualizations to record species. Species richness was estimated by
the presence/absence of animals at the camera-trap station and using the first-order Jackknife
estimator. The estimated species richness was 10.99 (± 1.4 standard deviation), but species
richness reached 16 species when other types of records were considered. The species richness
of medium and large-sized mammals in the area is considerably high, with four species that
are vulnerable to extinction. However, the recorded species are not fully protected due to the
presence of anthropogenic activities. Based on our results, we recommend specific management
actions to enhance species conservation in the reserve.
Keywords: camera-trap; fragment; species richness.

INTRODUCTION
Species surveys are important
components of conservation programs,
as minimum knowledge about which
species occur in a given location is
the first step toward conservation
actions (Santos 2003). In protected
areas, particularly, the lack of surveys
is a problem for the implementation
of management plans. Despite the
importance of species inventories,

natural habitats have been lost before
we know what species they harbored.
Human activities are the main reason
for habitat loss and fragmentation of
natural habitats (Dean 1996, Pires et
al. 2006, Paglia et al. 2006). Habitat
fragmentation tends to diminish the
necessary resources for the most
specialized species, thereby causing
a decrease in population abundances,
in some cases leading to local species
extinction (Kronka et al. 2005, Paglia et
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al. 2006). The damage caused to natural
communities vary by taxon (Olifiers and
Cerqueira 2006); however, mammals of
medium to large size are usually highly
affected, particularly if they require
relatively large areas of native vegetation
to sustain their populations (Chiarello
1999, Rodrigues and Bononi 2008).
The São Paulo state has two
ecosystems considered biodiversity
hotspots - the Atlantic Forest and the
Cerrado - that have gone through
intense loss of their original habitats
especially in recent decades; with only
13% of its original vegetation cover
(Kronka et al. 2005), the remainder of
territory is now occupied mainly by
sugar cane and eucalyptus plantations
as well as livestock. The state has
now 12% of Atlantic Forest and 1%
of Cerrado fragmented into 8,300
remnants, of which only 25% is legally
protected (Rodrigues and Bononi 2008,
Kronka et al. 2005). These areas harbor
approximately 220 species of mammals,
representing 36% of the species found in
Brazil, with representatives of all orders
of mammals present in the country
(Bressan et al. 2009). São Paulo state is
home to 38 mammal species considered
endangered (17% of the São Paulo state
species) and 58 species with limited
knowledge, classified as “data deficient”
according to the IUCN criteria (Bressan
et al. 2009).
Although the São Paulo state harbors
a very diverse fauna and displays the
largest number of threatened species
in Brazil, there are no management
plans and fauna surveys for much
of its remaining forests, including
protected areas (Galindo-Leal et al.
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2005, Rodrigues and Bononi 2008). In
this context, the aim of this study was
to survey for the first time the species
of medium to large-sized mammals of
the Augusto Ruschi Biological Reserve
(ARBR) - a fragmented, protected area
in the northeast region of São Paulo.
Similarities in species composition
between fragments are discussed.
We conclude by proposing specific
management actions to conserve species
in the reserve.
MATERIAL AND METHODS
Study site
The Augusto Ruschi Biological
Reserve (ARBR) is located in the
municipality of Sertãozinho, northeast
of São Paulo state (21º10’33”S /
48º05’16”W). It was created in 1985
and has a total area of 757 ha divided
into five forest fragments ranging from
55.07 ha to 189.21 ha, 300-1000 m
apart from each other (Figure 1). The
ARBR is part of “Instituto de Zootecnia
de São Paulo” and consists of pasture
and forest fragments of seasonal semideciduous forest of Cerrado. In addition
to pasture, the area is surrounded by
sugar cane plantations and crossed by
the highway Atilio Balbo (SP-333),
which connects the cities of Ribeirão
Preto and Jaboticabal. The ARBR is
relatively isolated, with larger forest
fragments being located at around 35 km
kilometers from it. However, one of the
ABBR fragments is connected to a strip
of Gallery Forest that accompanies the
Mogi Guaçu river, which passes nearby
the reserve. There is not an official
mammal inventory for the reserve
Oecol. Aust., 19(1): 232-243, 2015
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Figure 1. Map of the Augusto Ruschi Biological Reserve, with its location in the São
Paulo state, Brazil.

(Brasil 1985), and a management plan
has not been prepared.
Data collection
Digital camera traps (Scoutguard ®
SG550) were placed every 500 m in the
five fragments comprising the reserve
from October 2012 to May 2013, with
a sampling effort of 562 trap-nights
(Table 1). The fragments were sampled
one at a time, and the number of
sampling points in each fragment varied
from two to six. The cameras were
baited with bobcat urine (Lynx rufus,
BobcatPee®), banana, and bacon and
programmed to capture images every
10 seconds, when activated. Inspections
occurred weekly for the replacement
Oecol. Aust., 19(1): 232-243, 2015

of batteries and renewal of baits. The
roads between the fragments were
searched for the presence of mammal
footprints and other signs. Footprints
were photographed and identified using
field guides (Becker and Dalponte 1999,
Borges and Tomas 2008).
Data analysis
Species richness was estimated by
the presence/absence of animals at
the camera-trap stations and using the
first-order Jackknife estimator with the
software EstimateS 9 (Colwell 2013).
The results were used in a species
rarefaction curve for the entire area and
for each fragment. A relative abundance
index for each species was calculated
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by dividing the number of independent
records (pictures of the same species at
least 30 minutes apart from each other)
by the sampling effort (number of trapnights) (Kasper et al. 2007).
To evaluate the similarity on species
composition between fragments, we
performed a cluster analysis using a
dissimilarity matrix based on the Jaccard
index (Krebs 1999) and Ward’s method
of linkage.
RESULTS
Nine species of wild mammals were
recorded in camera traps, but species
richness reached 16 species of 7 orders,
12 families and 16 genera when other
records (footprints, direct observations
and roadkilled animals) were considered.
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Domestic dogs (Canis familiaris,
Linnaeus, 1758) were also recorded
in the reserve (Table 2). The species
with the highest number of records
in camera traps was the nine-banded
armadillo (Dasypus novemcinctus) with
49 records, followed by the white-eared
opossum (Didelphis albiventris) with
48 records (Table 2). The species with
the lowest number of records in camera
traps were the capybara (Hydrochoerus
hydrochaeris) and the greater nakedtailed armadillo (Cabassous tatouay),
with only one record each.
The estimated species richness
(using only data from camera traps) was
10.99 (± 1.4 SD). The appropriateness
of the methodology and sampling
effort used for the species record was
evidenced by the rarefaction curve that

Table 1. Relative abundance of species (divided by sampling effort), fragment size,
sampling effort in trap-nights and estimated species richness in each fragment of the
Augusto Ruschi Biological Reserve, Sertãozinho, São Paulo, from October 2012 to May
2013. Frag. = sampled fragment within the reserve.
Species

Area
Frag. 1

Frag. 2

Frag. 3

Frag. 4

Frag. 5

Dasypus novemcinctus

0.037

0.091

0.127

0.011

0.015

Dasyprocta azarae

0.074

0.182

0.057

0.022

0.077

Didelphis albiventris

0.037

0.091

0.067

0.101

0.000

Puma concolor

0.000

0.018

0.003

0.022

0.015

Tamandua tetradactyla

0.019

0.036

0.003

0.011

0.000

Sapajus nigritus

0.000

0.000

0.000

0.045

0.000

Hydrochoerus hydrochaeris

0.000

0.000

0.000

0.011

0.000

Myrmecophaga tridactyla

0.000

0.018

0.000

0.000

0.015

Cabassous tatouay

0.000

0.000

0.003

0.000

0.000

Estimated richness

4.98

8.91

8.95

9.91

6.93

54

55

299

89

65

166.19

55.07

189.21

128.48

163.82

Sampling effort
Fragment size (ha)
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Table 2. Mammalian species of medium and large size recorded in the Augusto Ruschi
Biological Reserve, Sertãozinho, SP, from October 2012 to May 2013. CT = camera
trap, F = footprints, DV = direct visualization, Photographic records = number of
photographic records.
Taxon

Record
type

Photographic
records

CT, F

47

CT

1

CT

46

CT

37

CT, F

2

DV

-

CT, F

5

F

-

F

-

F

-

DV

-

CT

4

CT

2

CT, DV

4

DV

-

F

-

Order Cingulata, Family Dasypodidae
Dasypus novemcinctus (Linnaeus, 1958)
Cabassous tatouay (Desmarest, 1804)
Order Didelphimorphia, Family Didelphidae
Didelphis albiventris (Lund, 1840)
Order Rodentia, Family Dasyproctidae
Dasyprocta azarae (Lichtenstein, 1823)
Order Rodentia, Family Caviidae
Hydrochoerus hydrochaeris (Linnaeus, 1766)
Order Rodentia, Family Erethizontidae
Coendou prehensilis (Linnaeus, 1758)
Order Carnivora, Family Felidae
Puma concolor (Linnaeus, 1771) 1, 2
Leopardus sp.
Order Carnivora, Family Canidae
Cerdocyon thous (Linnaeus, 1776)
Chrysocyon brachyurus (Illiger, 1815)

1, 2

Order Carnivora, Family Mustelidae
Galictis sp.
Order Pilosa, Family Myrmecophagidae
Tamandua tetradactyla (Linnaeus, 1758)
Myrmecophaga tridactyla (Linnaeus, 1758)

1, 2, 3

Order Primates, Family Cebidae
Sapajus nigritus (Goldfuss, 1809)
Order Primates, Family Atelidae
Alouatta caraya (Humboldt, 1812) 1
Order Artiodactyla, Family Cervidae
Mazama sp.
1

2 the

the Red List of São Paulo state (Bressan et al. 2009);
Brazilian Red List
(Ministério do Meio Ambiente 2014); 3 the IUCN Red List (IUCN, 2014).
Oecol. Aust., 19(1): 232-243, 2015
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reached an asymptote (Figure 2), even
though an asymptote was not reached
for three of the rarefaction curves for
the fragments (Figure 3).
Similarity in species composition
between fragments varied from 0.33
(fragments 1 and 5) to 0.71 (fragments
2 and 3) (Figure 4). Fragments 2 and 3
were the most similar in terms of species
composition due to the presence of 5
species in common while differing by
one species only (Table 1). Fragment
1 was then grouped to fragment 2 and
3 cluster because it had 4 species, with
all of them present in both fragments
2 and 3 (Figure 4, Table 1). Fragment
4 was grouped to the previous cluster
because it showed up to 5 species (out of
7) in common with the fragments in that
cluster, whereas it had only 3 species
in common with fragment 5; this later
fragment was the most dissimilar one,
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mainly due to the absence of Didelphis
albiventris and Tamandua tetradactyla
and the presence of Myrmecophaga
tridactyla (Figure 4; Table 1).
DISCUSSION
The frequent records of some species
such as the armadillo and the whiteeared opossum are an indication of the
high degree of disturbance in the area,
since these species are habitat and diet
generalists and adapt well to regions
where carnivore fauna is modified or
eliminated (da Fonseca et al. 1990,
Santori et al. 1995, D’Andrea et al.
1999). However, despite the level of
disturbance, the reserve has species that
are naturally rare, such as the greater
naked-tailed armadillo (C. tatouay)
(Reis et al. 2006), or that require
large areas, such as the puma (Puma

Figure 2. Rarefaction curve for species richness in the Augusto Ruschi Biological
Reserve, Sertãozinho, SP, from October 2012 to May 2013. Bars represent standard
deviation for species richness.
Oecol. Aust., 19(1): 232-243, 2015

238

Medium and Large Mammals of the Augusto Ruschi Reserve , SP

Figure 3. Rarefaction curves for species richness by fragment sampled in the Augusto
Ruschi Biological Reserve, Sertãozinho, SP, from October 2012 to May 2013. Bars
represent standard deviation for species richness.

concolor) (Crooks 2002) and the giant
anteater (M. tridactyla) (Medri and
Mourao 2005). Therefore, despite being
affected by anthropogenic changes, the
reserve is still able to maintain some
threatened species.
There were four and two records for
the puma and giant anteater, respectively,
and these are considered threatened
species in Brazil (Machado et al. 2008)
and in the São Paulo state (Bressan et
al. 2009), with both being classified
Oecol. Aust., 19(1): 232-243, 2015

as vulnerable to extinction (Table 2).
The giant anteater is also considered
“Vulnerable” on the Red List of the
International Union for Conservation
of Nature (IUCN 2014). Although these
species were recorded in the ARBR, it is
unlikely that they are restricted to ARBR
fragments because the home range of the
giant anteater can reach 11.9 km² (Medri
and Mourao 2005) and the puma’s
home range reaches 100 km² (Franklin
et al. 1999). The records of threatened
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Figure 4. Similarity in species composition of five fragments in the Augusto Ruschi
Biological Reserve, Sertãozinho, SP, from October 2012 to May 2013. Frag = fragment.

species and of species that require large
home ranges suggest the importance of
habitat remnants to species persistence
in the landscape (Pires et al. 2006).
The species from forested areas, such
as arboreal Brazilian porcupines and
primates, most likely depend on these
remnants to persist in the fragmented
landscape of the reserve.
Because traps were placed only in
forest fragments, species such as the
crab-eating fox (Cerdocyon thous)
and the maned wolf (Chrysocyon
brachyurus) were most likely not
recorded due to their preference for
open areas (Juarez and Marinho 2002).
Other species found only through direct
sightings or footprints, such as small
cats, Mazama sp., Coendou prehensilis,
Alouatta caraya and Galictis sp., may
occur at low densities or may move more

frequently through the canopy, which
would underestimate their recording by
camera traps.
The technique of camera trapping
can also bring some associated errors,
considering that the number of times
animals are recorded does not represent
the actual species abundance (Walker
et al. 2000). However, in mammal
communities, it is expected that smaller
and more generalist species are more
abundant (Tomblin and Adler 1998,
Cohen et al. 2003). Thus, considering the
body size and habits of the species most
frequently recorded (D. novemcinctus,
D. albiventris and Dasyprocta azarae),
it is likely that the results of this study
are directly proportional to the actual
abundance of species in the area. The
only exception would be P. concolor
(fifth species most frequently recorded)
Oecol. Aust., 19(1): 232-243, 2015
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for which the relative frequency of
occurrence is certainly overestimated, as
the individual was possibly a dispersing
juvenile.
It is probable that the differences
in species composition between the
fragments are related to the availability
of key resources, such as the presence of
water, since distance between fragments
or fragment size does not seem to
influence species composition. For
instance, even though fragments 2
and 3 were the most similar in species
composition, the distance between them
is not the smallest one (Figure 1), nor
their sizes are similar (Table 1).
The presence of domestic animals
such as C. familiaris is a significant
risk to species conservation due to the
possibility of disease transmission to
wildlife (Anderson et al. 2003, Hammer
et al. 2004) and predation of wild species
(Kays and DeWan 2004, Lepczyk
et al. 2004, Knobel et al. 2014). For
instance, in a study with feral dogs in
the Brazilian Atlantic forest, Galetti and
Sazima (2006) found that 75% of items
consumed by dogs were wild mammals
and the mammalian biomass killed in 44
months was estimated to be 98.39 kg
(26.83 kg/year). Likewise, Campos et
al. (2007) observed that mammals were
the second most commonly consumed
item by dogs (25.15%) in a forest of
south-eastern Brazil. Domestic dogs
are particularly abundant in regions
with anthropic activities, such as rural
areas (Paschoal et al. 2012, Frigeri et
al. 2014) and predation on wildlife can
be even stronger in small and isolated
populations of wild animals or in
populations of rare species (Ritchie et
Oecol. Aust., 19(1): 232-243, 2015

al. 2014). In addition, such predation is
particularly important when the predator
guild is severely reduced or absent, and
dogs become the top predators (Ritchie
et al. 2014). Therefore, the effect of
dogs on local wildlife is expected to
be strong in scenarios such as of the
ARBR.
The presence of a highway that
crosses the reserve is also a strong
impact on species due to the great
risk of roadkills, especially for large
animals that often move between
patches in fragmented landscapes
(Espartosa 2009). Therefore, although
the ARBR harbors a relatively high
species richness when compared to
similar-sized areas (Chiarello 2000,
Alves et al. 2012), the recorded species
are not fully protected.
The Augusto Ruschi Biological
Reserve is an important set of small
fragments that harbors a relatively high
species richness of medium to largesized mammals when compared to other
areas of the state. In a faunal survey
at Jataí Ecological Station, a Cerrado
area of 9010 ha of São Paulo state and
approximately 60 km from the ARBR,
Lyra-Jorge (2007) found a richness of
18 species. This same study found a
richness of 16 species in Vassununga
State Park, a Cerrado area of 2082 ha,
also in the São Paulo state and distant
approximately 80 km from the ARBR.
Although the species richness found
in ARBR is smaller than that found
by Lyra-Jorge (2007), the value is
relatively high if we consider that the
reserve is almost three times smaller
than Vassununga State Park and nearly
10 times smaller than Jataí Ecological
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Station. In addition to the relatively
high species richness, the presence of
both specialist and threatened species
reinforces the importance of maintaining
the ARBR.
This is the first inventory of medium
to large-sized mammals of the reserve,
and the results obtained are essential for
establishing an effective management
plan for the reserve. In this sense,
we also recommend the inventory of
small mammals, particularly because
some wild rodents that are commonly
found in the Cerrado, such as Calomys
tener, Necromys lasiurus and Akodon
montensis, may work as reservoirs for
hantavirus (Suzuki et al. 2004, Oliveira
et al. 2007), which causes a zoonosis
that is particularly emergent in the
region (Donalisio et al. 2008).
The appropriate management of the
reserve may ensure the local persistence
of small, specialist species while
facilitating the long-distance movement
of larger ones such as the puma, thereby
contributing to species persistence
at the landscape level as well. Based
on our findings, specific management
actions that must be implemented to
enhance local species conservation are
the exclusion of dogs from the reserve
and actions to control traffic speed
on the highway and to allow wildlife
crossings.
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