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Abstract: Habitat fragmentation is one of the principal causes of the decline of species worldwide, and the
Brazilian Atlantic Forest and Cerrado savanna biomes are among the most severely affected by this process. While
highly fragmented, remnants of Atlantic Forest can still be found within the Cerrado domain of southern Goias,
where previous studies have revealed high levels of biodiversity. To inventory the mammalian species that occur
in the region, two fragments of semideciduous Atlantic Forest were sampled between 2011 and 2016, using line
transect surveys and camera trapping. A total of 1016 records were obtained of 30 mammal species, of which
eleven are under some threat of extinction. The species richness recorded on this study was similar to or higher
than the values reported from other areas of Goias, which reinforces the importance of the maintenance of these
remnants, located in private properties, for the conservation of the region’s mammals.

Keywords: survey, cameras traps, linear transect, medium- and large-sized mammals, spatial distribution, species
richness.

Mamiferos registrados em areas isoladas de Mata Atlantica no sudoeste de Goias

Resumo: A fragmentagao de habitat ¢ uma das principais causas do declinio das espécies e tanto a Mata Atlantica
quanto o Cerrado sdo considerados um dos biomas mais afetados do mundo. As regides sul e sudoeste de Goias
sdo intensamente fragmentadas, mas ainda abrigam alguns dos ultimos remanescentes relictuais de Mata Atlantica
dentro do dominio do Cerrado e estudos prévios revelaram uma alta biodiversidade. Com o objetivo de elaborar
a lista de espécies de mamiferos que ocorrem para a regido, dois fragmentos de florestas semideciduais da Mata
Atlantica foram amostrados entre 2011 a 2016, através de transecgdes lineares e armadilhas fotograficas. Foram
obtidos um total de 1.016 registros de 30 espécies de mamiferos, das quais onze estdo ameagadas de extingdo. A
alta riqueza registrada foi similar ou maior ao de outras areas no Estado e reforga a importancia da manutencéo
desses remanescentes localizados em propriedades particulares para a conservagao das espécies.
Palavras-chave: amostragem, armadilhas fotogrdficas, transecto linear, médios e grandes mamiferos, distribui¢do
espacial, riqueza.
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Introduction

Brazil is home to 10% of the world’s terrestrial biota, and is
considered to be one of the planet’s most biodiverse countries
(Mittermeier et al. 1997). The country’s fauna includes more than 700
recognized mammal species, and additional taxa are expected to be
discovered in the near future (Paglia et al. 2012). The Atlantic Forest
is not only one of Brazil’s most diverse biomes, but also has a high rate
of endemism (Feio & Caramaschi 2002), which led to its inclusion,
together with the Cerrado savanna, in the world’s 34 conservation
hotspots defined by Mittermeier et al. (2005). The reduction and
isolation of the remaining forests in these hotspots represent one of
the principal and most pressing threats to global biodiversity (Cullen
Jr et al. 2005, Schnell et al. 2013).

The Brazilian Atlantic Forest originally covered a total area of
1,315,460 km?, including part of 17 different states, corresponding to
approximately 15% of the total area of Brazil (Ribeiro et al. 2009). Most
of'the state of Goias is covered by Cerrado savanna formations (Morellato
& Haddad 2000), although 3% of the southern and southwestern extreme
of the state were originally covered with Atlantic Forest, with a total area
0f 1,190,184 ha (Galindo-Leal & Camara 2003). However, only 30,386
ha of this forest has survived to the present day (Fundacdo SOS Mata
Atlantica 2017). In Goias, only two types of Atlantic Forest formation
exist, seasonal deciduous forest and seasonal semi-deciduous forest,
which are both characterized by leaf-fall during the dry season, in addition
to the impacts of habitat fragmentation and the loss of local biodiversity
(Campanili & Prochnow 2006, Fundagdo SOS Mata Atlantica 2017).

Given the importance of the Atlantic Forest and its critical situation
in the state, the government of Goids created the Atlantic Forest State
Park (Parque Estadual da Mata Atlantica: PEMA) with the support of
the MAB/UNESCO program. As this conservation unit was created
less than 13 years ago, its biodiversity is still relatively poorly-known,
despite the small area of Atlantic Forest it protects. These remnant areas
of Atlantic Forest require basic surveys to provide a reliable assessment
of their conservation status, and in particular of the principal groups
of organisms that provide the best indices of environmental quality.
Vertebrates are among the most useful of these groups, especially as
they represent the fauna for which the most scientific data are available.
In the specific case of the Atlantic Forest, the birds and mammals are
especially important, due to the fact that the include the majority of the
endangered species (Chiarello et al. 2008).

Despite the importance of the Atlantic Forest, and its reduced area
in Goias, which as already been decimated by anthropogenic impacts,
there are virtually no studies of the biota of this local ecosystem. Given
this, the present study was conducted with the aim of expanding the
inventory of medium and large mammals species available for the study
area and contributing to the evaluation of the conservation status of
the fragments, given that mammals are relatively reliable indicators
of habitat quality.

Material and Methods

1. Study Area

The study area is composed of two fragments of Atlantic Forest,
one of 2100 hectares (18°55°41” S, 51°42°41”” W) and the other of 2000
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hectares (18°55°37” S, 51°39°12” W), set within a matrix of pasture,
which are part of the PELD/Jatai Long-Term Ecological Monitoring
Project, located in the municipalities of Aporé and Itaja, in Goias, Brazil
(Figure 1). This region encompasses the last remnants of the Atlantic
Forest left in Goias, which are complex and heterogeneous environments
that have a high species richness (Melo et al. 2013). The region’s climate
is humid tropical, Aw in the Kdppen classification system, with dry
winters (April to September) and rainy summers (October to March),
a mean temperature of 30°C, and mean annual precipitation of 1486
mm (Melo et al. 2013).

2. Data Collection

The inventory of medium and large mammals was based on the
data collected in two studies. The first study was conducted between
April and July 2011, and consisted of visual surveys along three linear
transects of 500 m in length established within the study fragments and
on the roads that run along its edges. These surveys were conducted
in the early morning (06:00-12:00 h) and late afternoon/early night
(16:00-00:00 h). Additional data were collected using four Tigrinus
camera traps, installed within the fragments, but outside the transects,
during the first field trip, which were only removed during the last trip,
in July 2011. The cameras were in operation 24 hours a day, and were
visited monthly to change film and batteries, and to replace the bait,
which was composed of sardine, pineapple, and salt. During three field
trips, a total of 19 days of line transect surveys were conducted, and
photographic records were collected during 192 trap-days.

During the second study, between December 2015 and March 2016,
data were collected only by camera-trapping, with 10 Bushnell HD
Trophy Cam camera traps being used in the same fragments surveyed
during the first study. On this occasion, the camera traps were set in
a linear arrangement, following the principal axis of the fragment, at
a mean distance of 1 km from one another, 30 cm above the ground.
No bait was used. A threshold of 1 hour was used to consider different
records of the same species captured by the same trap to be independent
sampling events. A total of 3337 trap-days were collected over a
15-month study period during this second sampling period.

The conservation status of each mammalian species recorded during
the present study was obtained from the red list of the International
Union for Conservation of Nature and Natural Resources (IUCN 2017),
and the Brazilian list of threatened fauna (ICMBio-MMA 2016). Species
taxonomy followed Paglia et al. (2012), with the updates of Delsuc et
al. (2016) for the Cingulata, and the proposed order Cetartiodactyla
(see Montgelard et al. 1997).

2.1. Data Analysis

For the statistical analysis, a species accumulation curve was
obtained from the whole data set from the two study periods combined,
using the Jackknife I estimator. As the detection probability of most
mammals is highly heterogeneous, due to their mobility and variable
behavior, the Jackknife estimator is considered to be the most
appropriate procedure for the assessment of species richness (Brose et
al. 2003, Brose & Martinez 2004, Tobler et al. 2008). The Jackknife I
procedure takes the frequency of the rarest species in the sample into
account (Heltshe & Forrester 1983) and was calculated in the EstimateS
program (Colwell 2009).
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Figure 1. Location of the study area in the municipalities of Itaja and Aporé, in Goias state, Brazil. The black dots indicate the locations at which the camera
traps were installed during the second period and red lines are the linear transects.
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Results

A total of 1016 records were collected in the present study, which
confirmed the presence of 27 mammal species of medium to large size.
Three other species, the maned wolf (Chrysocyon brachyurus), the
Neotropical otter (Lontra longicaudis), and the Brazilian porcupine
(Coendou prehensilis), were also observed within the study area, but
were not recorded during the fieldwork, so they were not included in
the quantitative analyses. The final inventory thus contained 30 species
of medium/large mammals, representing seven families and nine orders
(Table 1, Figure 2).

Overall, 22 of the 27 species recorded in the fieldwork were
registered in the line transect surveys, and five of these species were only
recorded by this method. These species include the black howler monkey
(Alouatta caraya), which rarely comes to the ground, the six-banded
armadillo (Euphractus sexcinctus), the tapeti (Sylvilagus brasiliensis),
and two carnivores, the hoary fox (Lycalopex vetulus) and the Pantanal
cat (Leopardus braccatus). The camera traps also recorded 22 species
and five exclusive taxa, all of which were terrestrial forms, including two
armadillos, the southern naked-tailed armadillo (Cabassous unicinctus)
and the nine-banded armadillo (Dasypus novemcinctus), the margay

Table 1. Mammals recorded in fragments of Atlantic Forest, southern Goias state, Brazil. Type of record: VO = visual observation, V = vocalization, T= track,
F = feces, B = burrow, CT = camera trap. Status of Conservation: VU= Vulnerable; NT= Near Threatened; LC= Least Concern; NC= Not Cited.

TAXON COMMON NAME TYPE OF RECORD CONSERVATION STATUS
TUCN MMA

Order Didelphimorphia

Family Didelphidae

Didelphis albiventris Lund, 1840 White-eared Opossum VO, CT LC NC

Order Cingulata

Family Dasypodidae

Dasypus novemcinctus (Linnaeus, 1758) Nine-banded Armadillo CT LC NC

Family Chlamyphoridae

Cabassous unicinctus (Linnaeus, 1758) Southern Naked-tailed Armadillo CT LC NC

Euphractus sexcinctus (Linnaeus, 1758) Yellow Armadillo VO, T,B LC NC

Priodontes maximus (Kerr,1792) Giant Armadillo B, T,CT vuU vuU

Order Pilosa

Family Myrmecophagidae

Myrmecophaga tridactyla Linnaeus, 1758 Giant Anteater VO, T,CT VU A0

Tamandua tetradactyla (Linnaeus, 1758) Southern Tamandua VO, CT LC NC

Order Primates

Family Cebidae

Sapajus cay (1lliger, 1815) Azara’s Capuchin VO, V,CT LC VU

Family Atelidae

Alouatta caraya (Humboldt, 1812) Black-and-gold Howler Monkey VO LC NC

Order Carnivora

Family Canidae

Cerdocyon thous (Linnaeus, 1766) Crab-eating Fox VO,V, T, F,CT LC NC

Chrysosyon brachyurus (1lliger, 1815) Lobo-guara Vi, Vo NT VU

Lycalopex vetulus Lund, 1842 Hoary Fox VO, T LC vu

Family Felidae

Leopardus braccatus (Molina, 1782) Pampas Cat VO, T NT VU

Leopardus pardalis (Linnaeus, 1758) Ocelot T, CT LC NC

Leopardus wieddi (Schinz, 1821) Margay CT NT VU

Puma concolor (Linnaeus, 1771) Puma T, CT LC VU

Puma yagouaroundi (E. Geoffroy, 1803) Jaguarundi CT LC VU

Family Mustelidae

Eira barbara (Linnaeus, 1758) Tayra VO, V,CT LC NC
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Continuation Table 1.

TAXON COMMON NAME

TYPE OF RECORD CONSERVATION STATUS

Family Procyonidae
Nasua nasua (Linnaeus, 1766) South American Coati

Procyon cancrivorus (G. [Baron] Cuvier,
1798)

Order Perissodactyla

Crab-eating Raccoon

Family Tapiridae

Tapirus terrestris (Linnaeus, 1758)
Order Artiodactyla

Family Tayassuidae

Lowland Tapir

Pecari tajacu (Linnaeus, 1758) Collared Peccary

Tayassu pecari (Link, 1795) White-lipped Peccary
Family Cervidae
Red Brocket Deer

Gray Brocket Deer

Mazama americana (Erxleben, 1777)
Mazama gouazoubira (G. Fisher, 1814)
Order Rodentia

Family Cuniculidae

Cuniculus paca (Linnaeus, 1766) Spotted Paca
Family Dasyproctidae

Dasyprocta azarae (Lichtenstein, 1823) Azara’s Agouti
Erithizontidae

Coendou prehensilis (Linnaeus, 1758) Brazilian Porcupine
Order Lagomorpha

Family Leporidae

Sylvilagus brasiliensis (Linnaeus, 1751) Tapeti

T,CT LC NC
VO, T, CT LC NC
VO, T,F,CT VU VU
VO,V, T, CT LC
VO, V, T, CT VU VU
CT DD NC
T,CT LC NC
T,CT LC NC
VO,V, T, CT DD NC
Vi LC
VO, T LC NC

(Leopardus wiedii) and the jaguarundi (Puma yagouaroundi), and the
red brocket deer (Mazama americana).

The most diverse order was the Carnivora, with 10 species (37.0%
of the total number of species recorded), followed by the Cingulata
and Cetartiodactyla, each with four species (14.8% each). The number
of species recorded per order varied negligibly between sampling
procedures (Figure 3). The species accumulation curve reached the
asymptote (Figure 4), which indicates that the sampling was sufficient
to detect all the mammals in the study area, and while the estimate
indicated the presence of an additional four species, three of these
species would have been those recorded outside the fieldwork period.

Discussion

Local species inventories are essential for the assessment of the
conservation status of a region’s biodiversity, providing guidelines for
the selection of priority areas for conservation (Diniz-Filho et al. 2008,
Jenkins et al. 2015). In the present study, the use of different approaches
for the collection of data maximized the chances of recording species,
in particular the more cryptic forms that are difficult to observe, such
as carnivores, providing the most representative possible sample of
the local mammalian fauna, given the available time and resources
(Silveira et al. 2003).

http://dx.doi.org/10.1590/1676-0611-BN-2018-0575

While comparisons with other studies may not be totally reliable,
given differences in sampling effort and habitat characteristics, they
do provide an important baseline for the quantification of a region’s
biodiversity (Gomes et al. 2015). The number of species recorded in
the present study (30) was similar to or higher than those recorded in
previous studies in southern Goias. In the Atlantic Forest State Park,
in the municipality de Agua Limpa, for example, Rocha et al. (2015)
recorded 23 species of medium to large-bodied mammals within a
landscape that has few remnants of natural habitat, due to intense
fragmentation, but is important for the maintenance of the region’s
fauna. Hannibal et al. (2015) recorded 25 species of medium/large
mammals, including a number of endangered forms, in fragments
of seasonal forest located on private properties in southern Goids.
In southwestern Goids, within an area dominated by Cerrado savanna
formations, Estrela et al. (2015) recorded 25 species in a fragment
in Urutai and Gomes et al. (2015) recorded 33 species in different
phytophysionomies in the Serra do Facao range, in the municipalities
of Cataldo and Campo Alegre de Goiés.

On an ampler, and more directly comparable scale, the mammalian
faunas recorded in fragments of Atlantic Forest in other regions of
Brazil, such as Sao Paulo and Minas Gerais, were between 52% and
67% similar to that recorded in the present study (Magioli et al.,
2014; Machado et al., 2016; Laurindo et al., 2017; Bovo et al., 2018).

http://www.scielo.br/bn
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Figure 2. Some of the mammals recorded in fragments of Atlantic forest in southern Goiés state, Brazil: A) Myrmecophaga tridactyla; B) Leopardus braccatus;
C) Mazama americana; D) Tayassu pecari; E) Tapirus terrestris; F) Puma concolor.
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Figure 3. Records of the different mammalian orders obtained by linear transect
surveys and cameras trapping in fragments of Atlantic Forest in southern Goias
state, Brazil.

Figure 4. Accumulation curve of mammal species recorded in fragments of
Atlantic Forest in southern Goias state, Brazil.

The similarities were even greater in comparison with fragments of
Cerrado savanna, protected or otherwise, with an average of 83% of
species in common (Rodrigues et al., 2002; Bocchiglieri et al., 2010;
Campos et al., 2013; Leite et al., 2016; Cabral et al., 2017), reflecting
the considerable influence of this biome on the mammalian fauna of
the study area.

The species richness recorded in the present study is probably
also a reflection of the vegetation structure of the fragments surveyed,
which are formed predominantly by seasonal semi-deciduous Atlantic
Forest in transition with areas of Cerrado savanna (Melo et al. 2013).
This vegetation mosaic is occupied by species that are common to both
biomes, as well as species characteristic of the Cerrado, such as the
maned wolf (Chrysocyon brachyurus), hoary fox (Lycalopex vetulus),
and Pantanal cat (Leopardus braccatus), in addition to Azaras’ capuchin
monkey (Sapajus cay), whose range within the Cerrado domain is
extended here (Gusmao et al. 2018). No exclusive Atlantic Forest species
were recorded in this study.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0575

These findings reinforce the importance of the study fragments
for the conservation of the mammals, in particular the species under
some threat of extinction. Just over a third (36.6%) of the species
recorded in the present study are classified in some category of threat
in the two listings consulted (ICMBio-MMA, 2016; IUCN, 2017).
A number of the species appear in both lists, and of these, the giant
armadillo (Priodontes maximus), giant anteater (Myrmecophaga
tridactyla), lowland tapir (Tapirus terrestris), and white-lipped
peccary (Tayassu pecari) are all listed as vulnerable in both cases.
Three other species, the Pantanal cat (L. braccatus), the margay
(L. wiedii), and the maned wolf (C. brachyurus), are also listed as
vulnerable by ICMBio-MMA (2016), but as “Near Threatened” by
the IUCN (2017). Azaras’ capuchin (S. cay), the hoary fox (Lycalopex
vetulus), puma (Puma concolor), and jaguarundi (P. yagouaroundi)
are all listed as vulnerable by the Brazilian environment ministry
(ICMBio-MMA 2016).

As medium/large mammals, in particular carnivores, require
relatively large areas to support a viable population (Costa et al. 2005),
the environmental diversity of the fragments surveyed in the present
study may be vital to the maintenance of the local populations of
many of the species recorded in this study (Calaga et al. 2010, Rocha
etal. 2015, Laurindo et al. 2017). Southern Goias has suffered intense
habitat fragmentation to make way for plantations of cash crops and
cattle ranching, and these habitat remnants may represent vital refuges
for many mammals. The protection of a region’s biodiversity is
essential to guarantee ecosystem function, in particular in fragmented
landscapes, where interactions tend to break down as key species are
lost (Camargo-Sanabria et al. 2015). Overall, then, the findings of the
present study reemphasize the importance of the fragments surveyed
for the conservation of the region’s mammals and reinforce the urgent
need for the creation of a conservation unit in this region, as proposed
by Melo et al. (2013).
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